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^BBkEYlATlONS 


'aq. '■» ai/lieous * '* r 

atm. * atuiospherio or atuit)sphoro(H) 
at. vol. == atomic volumo(«) 
at. wt. = atomic weights) 

'1'^ or ‘'K = absollito dogroos of tomporaturo 
b.p. boiling pointfa) 
e' centigritdo degrees of teinperaturo 
cooff. = coellicioiit 

couc. concontratod or concentration 
dll. «= dilute 

• 

cq. = oquivalout(s) ^ 
f.p. ~ (roozing*poiut(s) 
in.p. «*= molting point(8) 


gruni-moleoulo(8) 
gram molecular 


(mole<mlo(8) 
\ molecular 


mol lit == molecular hoat(s) 
mol. \ol = molecular volumo(8) 
mol. wt. — molecular ^veight(^) 
prc'^h. e= piesKUrc(H) 
sat = saturated 


solu. “ Holution(s) 

sp. gr. — specific gravity (gravities) 

sp. lit. specific beat(s) 

sp. \ol ~ specific voIumo(H) 

temp. tcmperaturo(K) 


\ap. \apour 

lii*tlic cross references the first number in clarendon typo is the number of the 
volume; the second number refers to the chapter; and the succeeding number refers to the 
“ Hcctiorr. Tbuif4, 31, 33 refers to § 33, chapter .31, volume 4. 

The oxides, hydrides, halides, siilpbides, sulphatoK, carbunates, uitratos, and phosphates 
arc considerod with tbo^ basic elomonts ; the other compounds are taken in comiootion w*th 
ttte acidic element. The double or complex salts in connection witli a given olomont*includo 
tho«3 associated with elements previously discussod* The carbides, silicidos, titamdes, 
phosphides, arfenides, etc., are considered in coimoctiou with carbon, silicon, titanium, etc. 
The intermotallic compounds of a given edemeut include those associated with elomonts 
previously considered. 

The use* of triangular diagrams for ropresonting the properties of throe-component 
systems was suggested by G. C. Stokos {Proc. Hoy. Soc., 4 < 9 - 174, The method was 

immediately taken up in many directions and it has proved of great value. With practice it 
becomes as useful for rcprcseiitiug the properties of ternary mixtures as squared paper is for 
binary mixtures The principle of triangular diagrams is based on the fact that in an equi' 
lateral triangle the sura of the perpendicular diBlaD(^os of any point from the three sides is 
a constant. Given any three substances A, ii, ^jjnd *6', the composition of any possible 
combination of these can be represented by a point tn or on the triangle. T.be apices of the 

Is , • 
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'W 

MlOfli feprenent the tingle component A, B, end the tides of Ihe trUngle repjresent binery 
toIxttlM of A end B, B end C end A ; end points within tul triangle tornery*mix^re. 
The oompositions of the mixtures cen be represented in porcenteges^ or referred to unity, 10 , 
ido. In Fig, 1, pure A will be represented by a point at the apex nyurked A. If 100 b6 the 




standard of reference, the point A represents KX) per cent, of .1 and nothing else ; mlxtiiroi 
oonteluing 80 per cent of A are represented by a point otutlie lino iW, GO per cent, of A by a 
point on the lino GO, etc. fliinilarly with It and 6'— Figs. .H and ‘2 respectively. (Jomhine 
Figs, 1, y, and 3 into one diagram by suijeVposition, and Fig 4 rosults. Any point in this 



Fid. 4. — Standard lleforonce Triangle 

diagram, Fig. 4, tlius rcprownits a ternary mixture. For instance, the point .1/ represents a 
mixture containing 5i0 per cent, of .4, ‘20 per cent, of 1), and GO {wr cent, of C. 



CHAPTER XXV 

THE STRUCTURE OF MATTER 

§ r. The Unitaiy Theory of Matter 


Simplicity is the seal ot truth. I^ture is wonderfully suiiplo, and iho characteristic 
mark \)f a childhko simplicity is stamped upon all that is true and noble in nature. — 
M. Sendivogii’.s (I 680 ). 

Chemist r>- marches towards its goal and towards its perfection by dividing, subdividing, 
and aubdivuiing still a^jain.— A.«L. Lavoihiku (178J>) 

The properties of tlio different elements result from diffortnces of arrangement arising 
by the composition and recomposition of ultimate homogeneous umls. 11. Si'KNI’KH. 

• 

Bflifk in the aimjilicity of natun* is not logic but faith pure and si^iple. It is 
one of those insidious and dang«‘rous tacit assmuptioiiii )^hich ofti^i creep into 
scientific theories. Tacit as.Huniptions are dangerous beean/si‘ tliey are usually 
made unconsciously, so that th(‘y appear to be Helf-evide,nt truUis, and jtrevout 
our harbouring the ahathjw of a doubt of their insidious eharacler. True enough, 
as H Poincare ha.s said : “ Every generalization BU])pose8 in a certain meosuro 
* a belitf in the simplicity of nature . . . every law i.s considered to be simple until 
the contrary has been jiroved,'* but faith in this dogma has sometimes led men 
astray. In consequiuice, hypotheses have frequently flourished in spite of experi- 
•mgntal evidence to the contrary. It is not at ail uncommon to find that a law which 
ajiju'ars to be qufte simple, when the methods of measurement are c rude and approxi- 
mate, becomes exceedingly complex when more jtccurato data are available. We 
have found this to b<‘ the case, for instance, with Hoyle's law', Charles' law, etc. 
Another example will now be given. 

There was a marked U'lidency among the earlier.dreek jiliilosophers to postulate 
one single kind of matt^ir, a protyl6— *7rp(iTi7, earlier than, or first ; vXt/, matter, or 
tlic Stull of which the things are made-- or primal element. This pritna aiatcria 
or jiotential matti'r was supposed to consist of parts which wlien grouped in different 
ways iijoduced the variou.s kinds of matt^T considered by them to be elemental. 
The l^’pothesisw sometime.^ i ailed the unitary theory of matter : all the different 
forms o! matter in the universe are derived from one and the same primordial 
element. The umty of matter, said G. D. Hinrichs, is as real as the unity of force. 

Tlie, philosopher Anaximenes regarded air as tin* primal ele.ment ; Herakleitos, 
fire ; Pherekides, earth , \V Prout, hydrogen ; and moilern chemical philosophers, 
electrons, and jiossibly n ther. Thales of Miletus, who flourished in the sixth 
eeq^ury ii.C’., considered that water was the first jirineiple. Thales’ doctrine* had 
many suppoiters"-.!. H. van Helniont (1082), ('tc . — it lived for nearly twenty-five 
centuries ; and it was demolished in 1770 when A. L. Lavoisier demonstrated 
that water cannot be changed into earth. 

In 181f>and 1810, W. Prout believed that the at. wt. of the elements were exact 
multiples of the at. wt, of hydrogen, so that an atom of any element must weigh 
a certain number of times os much as an atom of hydrogen. He said : 

If the V 10 U 8 we have endeavouretl to otlvauce 1 k' correct, wo may also eonsidor the 
wpurr) of the ancumts to l.s’ realized in liydrogi^n, an o}»iiion, by the way, not altogether 
new. If we actually consider this to lx* the cotH*, and further I'onsidor the «p. gr, of bodio* 
in their gaseous state to represc'nt the number of volumes condensed into one ; or, in other 
VOL. IV. I 
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wiwiH, the number of the aboolute weight of a wngle vol^ If the 
lintf flontam. which ii oxtromelyiprobable, multiple* m we^ht 

ta ViiJume. and vict wrtA ; and tne Bp. gr. or absolute weights of ^ bodies m tl^ « 
'^■‘i^'rouBt 1)0 multiples of the si), f^r. or absolute weight of the first matter, b^use all 
Si In a gaseous state which unite with one another, *unite with rt*forence to their volume. 

According to Proat’s hypothesis, the elements are different aggregates of the 
BUS ol primor^ hydrogen;. that. is. the different plements are polymers 

of hydroge n ; in conaequence, within the limits of experimental error, tlie^at. wt. 
of the different elements should be expressible by whole numbers when the at. 
of l^drogen is unity. • 

Hany writers attracted by its apparent simplici^ gave^ unqualified support 
to Prout's hypothesis ; but an impartial review oi the factq, with very much more 
refined data than were available in Prout’s day, led J. S. Stas to state : “ I have 
arrived at the absolute conviction, the complete certaiitty, so far as is po^ble 
for a human being to attain to certainty in such matters, that the law of Trout 
ia nothing but an illusion, a mere speculation definitely contradicted by experience.’* 
J. 0. Q. de Marignac added : 


If Prout’s law is not strictly confirmed bv experiment, it novortheless appears to express 
the relation between simple bodies with siiuiciont accuracy for the practical calculations 
ol the ohemift, and perhaps also the normiKl relationship which ought to exist among those 
weights, when allowance is made for some perturbing caust s, the research for which should 
Meroise the capacity aijd i^iaginati«n of chemists. Should wo not, for example, bo quite 
in keeping with the fundamental |)rinciple of the law in admitting the hypothesis of the 
unity qf matter^L We Yiuide the f»)llowmg siq^position to which I attach no further import* 
anco than that of showing that w<' may Is’ able to explain the discordance which exists 
between the experimental results and the direct comw'qucncvs of the principle ? May 
we not be able to sujipowi that the unknown cause (probably dilTcrmg from the physical 
and ohomical agents known fo us), which has determined certain groupings of primordial t 
matter ho oa to give birth to our simple eheimcal atom'>, and lo imprt>ss each of these grouyis 
with a Bpeoial character and p^Tuliar properties, has l)c« n ab)i> at the saraotimo to exorciso 
an ibfiuence upon the manner in which these groups of atoms obey the law of universal attrac- 
tion, oo tliat the weiglit of eaoh of tliem is not exactl\ th** sum of the uisghts of the con- 
stituent primordial atom* ? , • * 


Many have tried to reconcile W. Prout’s hypothesis with facts by changing the 
standard of reference to an imaginary primordial element with an at. wt. eq. to 
half an atom of hydrogen (J. (’. G. de Marignac) ; then to a quarUT of an atom 
(J. B. A. Dumas). However, having once begun to divide the hydrogen atom, there 
was no limit to the process of subdivision, and the hypothesis could then be made 
to fit any conceivable set of at. wta. This tinkering with W. Prout’s hypothesis 
brotight it, for a time, into disfavour. 

The elements, as has been said, are substances which have never been ^solved 
into simpler substances ; it is not said that the elements will never be decom- 
posed into a more primitive form (or forms) of matter. The atom of an element 
can be defined as a substance whose parts are held together h\& force superior 
to any which has yet been brought to bear upon it. The (dements have hitherto 
prtved undocomposable, but it is quite conceivable that they are not absolutely 
undecopiposable. Much circumstantial evidence has accimiufated in recent yeaxs 
which makes it increasingly dillicult to believe that Dalton’s atoms are absolu^ly 
indivisible ; and to deny that all tfio different elements have been*forined from 
one homogeneous simple ^irimal form of matter. The hypothesis appears in the 
Hellenic philosophies, and in those of the Nco-platonista. Albertus Magnus, in his 
De generatione eiemcntcnm, said that “ the first matter was not generated but 
created out of nothing.” Eager Bacon also said in hia De arte chyviiw (Frankfurt 
1603 ): 

There are four element : fire, water, air, and earth : that la, tho properti(« of their 
condition are four : heat, cold, drynees, and wetness. Yk (iUtj, matter) - the true matter — 
contain* not heat, not cold, not ipyness, not wetness. The elements are made of yk, 
and eooh of the other element* i* converted into the nature of the other element, and every- 
thing ii^^^onything else. 
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Baymui^ Lully wrote ijsimilariy in hk De MoUria, He said : The prinw moieria 
exists in poieniih m particular forms in all substances.* The idea can also be tnw^ed 
u^er yarious guises through writings of the alchemists down to the pres^'nt time. 
G. D. Hinrichs has (Ailed the prima mo/mo pantogen (1857) ; W. Crookes, protylt 
(1886) ;• and J. IkiG# IJiynecko, tustofl fl817). It has been said that protylt^ “ is 
matter generalized, stripped of its distinctions, the game from whatever source 
derived ; it is matter in potency ratk'.r than in '.act ; intangible ; inac(H*ssible to 
sen^ ^s^|)tion ; and probably indifferent to the solicitations of gravity.” 

•The idea that all the different forms of matter repn^sent dilfi^reni stages in the 
growing complexity of one single elemental form of matter, has haunted the human 
mind from the earliest time», and the . btdief that ” unity is the law of God,” or 
that simplex t'crt si^um; has proved so peculiarly fascinating that a remarkable 
number of speculations have been spun about this theme. These ingenious and 
subtle systems are admirable works ctf art, but they are outside the realm of science 
so long as the evidence on which th<*y are found('d remains intiiugible and vague. 
In recent years still another hypothesis is claimed to have been woven with circuin* 
stantial evidence which is rather more substantial than the iucompn'hensible 
fictions of the metaphysicians, for it can lie examined and tc'stcd liy comparison 
with gross material facts. It is supjiosed tjiat the elements have been developed 
by the condensation of a primitive fonrt of niatt(‘r ; and that tlic different elements, 
as W. Crookes exjiresses it, have been evolved by«a kind of i^trugglc ffir existence 
where elements, not in harmony with their environment, have eit Ikt disappeared— 
extivet ckirwiUs -or have never existed ; where elements mlrrotifal ekin^Us — 
have come into being and^ survived only on a limiti'd scale, as is the case with the 
scarcer elements ; and wh(*rt‘ other ehunents predominate^ because tlu’, surrounding 
isonditicyis have been favourable to their formation and pn'wrvation, e.g. the 
common elemenls. This circumstantial evidence can now be outlined : 

1. Why do so many atomic weights approximate to whole numbers r^ 

The International Table of Atomic Weights, 11I22, eontain’s 8d elements, and of 
thele, 43 are inti'giirs within one-tenth of a unit. This fact has nothing to do with 
Prout’s discarded hypothesis, but the niiiiibera are facts which can hardly be due 
•to chance, because the probaliility of this occurring is exceedingly small— something 
like one in 20, (RX) millions. Cahmlations have been made by J. W. Mallet, ^ and 
R. J, Strutt. The probability that the deviations ^f the first 27 elements of low 
at. wt. from whole numbers (oxygen 16), should be by chance os small as it is, was 
found by W. D. Harkins and E. 1>. Wilson to be one in ir),(KX),000. It is argued 
that the approximation of the at. wt. of so many elements to whole nuinbcri^ cannot 
be reasonably attributed to a fortuitous coincidence; or, as R. J. Btrutt puts it, 
” to use •Laplace’s mode of expression, we have stronger reasons for believing 
in the truth of some modification of Prout's law than in that of many historical 
events which are universally accepted as unquestionable.” The possible isotopy 
of the elements -yfWt infra— has thrown a new light on this subject. 

2. Why do so many groups of the elements exhibit family relationships ?- 7 - 

If the elements arc. totally distinct and independent of one anutherj it is 
exceedingly difficult to reconcile the regularities and analogies of the clemetits 
in dlHerent grpups revealed by a study of the trilld families, and of Mendekeff’s 
law, the main characteristic of which is reiaiionship. In the triads of the halogen 
family, said M. Faraday,'^ “ we seem to havi* the dawning of a ne^v light indicating 
the mutual gonvertibility of certain groups of elements, although uncier conditions 
which as yet arc hi<ldeu from our scrutiny.’’ These Jriads and the periodic Jaw 
dimly foreshadow an identical origin or commoii parentage of families of elements. 
The possible isomerism of the chemical elemeriis was discussed by J. F, W. 
JofamstoD. 8. Brown, R. J. Kane, (}. Wilson, etc. A study of the alkali metals, 
the metals of the alkaline earths, the halogens, etc., makes it highly probable 
that the different elements of one family, at le^t, have been formed by the 
conglomeration of monads or atomicules formed of the same primal matter so 
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M to.l2uiId up ordinary atoma of different eiiea 

llM progressed bom homogeftcity to heterogenei > ■.. . . { prknitive matter, 

Wrilhtl'tbe «;-c«Ued elemenu are contain 

^ tii: 1re“rt tU-^^es of.carbon 

compoimcb. For instance, , 


EtlieoD. 
C,H* 
Mol. wt. 28 


Propane. 

0 , 11 , 

42 


Uutfite. 

C 4 H, 

56 


’ Pentene 

C»Sio 

'70 


Hexea«. 

0,H,2 

84 


apparently by the polymenration o' repair ut 
aonea riaea in a similar manner to ntarl) t. 3 oHgo, K . /,r.nufjinf ” 

The mol. wt. J. W. Dbbere.n..r e tr.ad. too ^ 

differences in the at. wt. of related elements Hentj. ^ ‘ ^ some 

body we know to lie eompouiid can play the par 0 an t ^8 ’ ginmle 

plausibility in the suggest.on that the elements oo‘ f f "‘‘7 “3_ 

8 Why are cloaehr related elements so often associated Jogether in nature • 

Chemis^ave lo^een struck with, the peculiar way certain olemonte occm 
in the half-mile crust of the earth. Although no dusturbing agent has been 
recognised at work in nature whereby the «liflerent kinds of ‘’‘o"'®'!*® 
like to like, yet certain groups .of elements nearly always occur m juxtapositiom 
These indivXal elenfeias are not plentifully distributed, and they “'o “ot cMy to 
flcpawtc from%ne atiother - pam cum paribus JucHli m conqrvqanlnr. t or examp , 
cobalt i8 perhaoH never quite free from nickt‘l, and mce verf ; silver is almost invari- 
ably associated with lead ores and with gold ; ladmiuiii with zinc ores , selenium 
with the sulphur of pyrites ; the members of the two grou[)S of the jilatinum elements » 
the rare, earths ; etc. These associations un<i co-mixings cannot be entirely due 
to chance, for these elements are neither plentifully distributed nor have they any 
marked chemical aflinity for one another. Consequently, it has been suggested 
that the elements in question were formed from some eommiin matfjrial uftd^r 
almost identical conditions, and where slight variations in the wnditions led to 
the almost simultaneous formation of closely related elements. Environment has, 
determined the path of the f‘Volution of the elements. , , • , 

Additional cireumstantial evidence for the unitary theory' has been obtained 
from (4) the grouping of the spectral lines ; (5) the magnetic and electric perturba- 
tioiiH of the spectral lines ; (6) the phosphorescent spectra of the rare earths ; 
(7) spectra of the stars and nehuhe , (H) electric discharges m attf'nuated gases ; 
(9) radioactivity ; etc. 


1 U f,ullv. Phila^ophur pnm ipta, .StmsHbiirg, 1600; W. Piout, ('hipa-^ltp aud Mdeorology, 
London ls:U- .Inn. m.. 11. 3'-M. : 12.11HHI6; J. L. (i. Meuvcckts iSWomi/i/cr 

23 Kw’ 1817*: W. Oroukr«. Chun. AVmw, 64. 117, 1885; 65. SO, 05, 1880; .1. S. bias, Mim. 
Acad. 38. 1865, J. C. tl. do Marignac. Verh. 

<8aii;>/..*4. 201, 1866 ; C do Mangnac. Journ. Chim. 1 hys., 1 
C'/iim. rhy<,., (3). 66. 120. 1850; (J. y. limrichs, PnMjramm 
emc Mrchamk dcr htn.Atmnc, Iowa, 1867 ; -Imcr. Journ. 

171. luna, 1S80; K. J. StruU, Ph,l. J/jlg., W, t 311. Wl ; 
V. D. Harkins aiufE. D, Wilson, Journ. Amcr. Chevi. Boc., 37. 1367, 1015; H.^tollins, Chcith. 


Phy^., 18. 261, 1021 ; J. B. A. Dumas, AOa. 
iMjramm dn Atotn- Mcchanik, oder, dtc 
Amcr. Journ. Science, (2), 32. 3W), 1861 ; Amer. 
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$2. Spectrom Analysis* 

If there ever was flank movement on Nature by which she has been compelled to 
s\^rrend^r a part <4 secrets, it was the dis^ov^ry of the 8j>ectro8co))e, which onabUvt us 
to peer iDito the very heait W Nature.— R. C' Kkdzik. 

Near the beginning of tlie actenteenth centuA"' J, Kepler ^ mentioned the play of 
colauip*which occura when a beam of sunlight is observed through a glass prism ; 
aifd nearly half a century later, Isaac Newton j)roved experimentally that a beam 
of sunlight is composed of light rays of various colours perfectly blendt'd and ranging 
from red through orwige, j’ellow,. grejm. and bine to violet. This Newton did by 
passing the beam of sunlight through a glass ]>ri8m, and ]rojeeting the beam on 
to a screen. The violet,, green, and hliu*. rays are more, bent in passing through 
the prism than the yellow, orang(‘, and red rays. The beam of light after j>assing 
through the prism'^ppears on the screen as an unbroken band of colours, which 
is called a continuous spectrum. Isaac Newton’s work has been discussed by 
R. A. Houstoun. Any beam of white light can be used in pla('c of sunlight, for 
instance, the light from an incandescent jiolid such as th(‘ limelight, Welsbach’s 
mantle, incandescent carbon, etc. Isaac ^Newton admitted the beam of light 
through a circular aperture, hut W. H. Wollaston, admitting t he lights through a 
narrow slit, noticed that the beam of sunlight furnished a s])ectrum whrh is crossed 
by a largo number of dark lines some sharp and welf dprim'd, others more or 
less faint and nebulous. J. von Fraunhofer happened to look /It W. fl. Wollaston’s 
spectrum of the sun through a small ti'leseoix*, and saw “ an infinite number of 
vertical lines, darker than the rest of the sjiectrum, and some, of them u])})earcd 
•entirely black." He carefully ma])])ed the relative jiosition of some' 571) of these 
dark lines, and accordingly they are now generally < all('d Fraunhofer’s lines. 

It was soon found that incandescent vapours and gases furnish a discontinuous 
pr,line spectrum, that is, a spectrum oomjiosed of a few bright lines instead of 
a continuous band. The line spectra of some clenamtH ar<‘ eonijiaratively simple, 
for they display but a few clear distinct coloured lines c.q sodium a y»‘llow line ; 
• thallium a green line ; indium a blue and an imligo-bhie line. Other elements 
have complex spectra containing numerous lines of varying intensity -c.//. barium, 
strontium, iron. The spectra of some elements, though (^omjih'X, are easily recog- 
nized by the prominence and po.sition of certain Tines- e.q. the dark red line of 
rubidium, the blue lino of ciesium, etc. The cause of the dark lines was quite 
inexplicable. As Fj. L. Larkin expressed it, " the human mind was now grojiing 
in darkness in the presence of one of the chief mysteries of natun*.” J. von Fraun- 
hofer di?d without knowing their cause. 

In*1822, D. Brewster interposed coloured glassi's bet-ween the source of light 
and the .slit, and found that the entire sjiectruni disajipeared except the rays having 
the same colour aSthe glass ; J. F. W. Ilerschel did the same witli coloured liquids. 
In both cases, all waves of light were quenched except those transmitted by the 
ijjedium. It was also found that the luminous lines in certain flames corresponded 
with the dark lines in the solar spectrum, and 1). BrewsL'r tried to use the sjjectijpum 
in tlie analysiii of simple and compound bodies. W. H. F. Talbot also said : 

The orange ray may be the effect of strontian, as J. F. W. Jlersehel has found a ray of 
this colour in the flame of munato of wtrontian. Were this opinion correct, a glance at 
the prismatic spectrum of a flame would l>e Hufliciont to show that it containt^ certain 
substances which could otherwise be discovered only by laborious chemical analysis. 

It was provisionally assumed that J. von Fraunhofer's lines were due to the 
lack of certain shades of colour in the spectrum of sunlight. This plausible hypo- 
thesis was tested by L. Foucault in 1849. He arranged an experiment in which 
a ray of sunlight was directed by means of lense8.on fxi the glowing gases between 
the p^les of an arc light which alone gave a spectrum with two yellow lines veiy 
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I«omiil.D(. The mixed light waM.»«»*dthipuph»i.r».m. 

WTS the «,l«t epectema coUgonding with the 

gUM in the are light would be filled by the Utter ; and that the y«»“* °{ 

L «d« apectru^ would be coutinuoua. To hia aatonuhment, 

Hw lotor imectrum oorteaponding with the yellow then 

before. Etoie the’ preliminary hypothesia cannot be true. / , 

■uggeated the hypotheeU that “ the incandeaceut gaaea in the^c light have the power 
ora»orbing tL yellow from aunjight, aa well aa of emittmg 
InoreAfle in the darknesa of these lines is due to this absorbing power ^mg 8 
th »T> the emissive j>owor.” L. Foucault focussed the light from an me n 
CMbon—which by itself gives a continuous spectrum-on , to the mcandesoent 
gases between the carlion poles. Instead of getting the continuous spectrum ot 
the incandescent carbon with yellow lines enhanced by the spectrum o e 
gases between the carbon poles, L. Foucault obtained a spectrum with th(^ ar 
fines in the yellow portion. This experiment supported his lijipothesis, the same 
Mnd o| light which a gas gives out when heat^ will be arrested il the attempt 
be made to pass the light toough the gas ; had.L. Foucault known that the 
yellow lines wore due to sodium he would have recognized the origin or 
Fraunhofer’s lines. This inteqiretatioii was made by (x. G. Stokes, 1862. In 
1869, G. KirchhofI definitely settled the*queslion. He said : 


I formed 4 aolar apoQtnAm by projection, and allowed tho solar rays concerned, before 
they fell on the slit, to pass through a powerful salted flame. If tho sunlight wore aum- 
olentlypreduced,*th6re*appoare<l in tho plafto of the two dark lines, D, two bright lines ; if, 
on the other hand, its intensity surpassed a certain Imiit, the two dark lines, I), showed 
themselves in much greater distinctness than without tho employment of the salted flame. 

This discovery, said E. L. Larkin, is equal in importance to that of the law of gravi- 
tation, for tho one may bo said to weigh the universe, and the other to toll of what 
it is rnado. Tho subsequent hi.story of spectrum analysis is but an illustration 
of the fact that when the right explanation of a phenomenon has-been found, Micf 
facts seem to arrange themselves about the theory aa naturally as the particles of a 
salt in a soln. aggregate about the enlarging nucleus of a cfj’stal. , 

K. Bunsen and G. Kirchhoff subst'quently proved that, under like conditions of 
temp, and press., every dement in the gaseous state has its own characteristic 
ipeotmm ; and reciprocally, the presence o! the vapour of an element can 
be inferred with cer^ty when the characteristic lines are present. The spectruni 
of an element is so defimto and characteristic that it has been pro]) 08 ed to use this 
fact aa part of tho definition of an idoment. Tho spectrum of an incandescent 
vapour of a mixture of elements contains all the lines characteristic of eaclwelement 
in tho mixture, and consequently it is poasible to recognize each and all of tb^m by 
measuring the position of the bright lines and comparing the lines with those of 
known elements. This method of detecting elements is called spectrum analysis. 
R. Bunsen and G. Barchhoff were able to prove that the dark Fraunhofer’s lines are 
due to the rays of light from an incandescent solid passing through vapours of various 
elementiS. For the characteristic bright lines of, say, sodium are changed into dartc 
linetfwhen the white light from ap incandescent solid is allowed to pass through 4ihe 
vapour of this element. Hence, since the bright lines of the spectruiS of a vapour 
are changed into dark lines, and the dark parts of the spectrum are changed into 
bright colours by the continuous spectrum of white light, it 8eem.s as if the whole 
spectrum is reversed with respect to the illumination. Hence, G. Kirchhoff called it 
a I6V6t80d speotrum. It also follows that Fraunhofer’s lines are due to the rays of 
light from an incandescent sun passing through the sun’s atm., and consequently 
the vapours of the elements whose line spectra correspond with the dark lines of the 
solar spectrum must be present in the sun’s atm., and consequently 

The Bpeotrum oatbhM tokens from his light 

Of elemental kinship with the earth. — C. A. Laue. 



THl STRUCTURE OP MATTER 


1 


By the aid of spectfum analysis, thpreforo, it has possiblo to deduce the 
presenoS of a l«ge number of known elements—nearlv^ 4CI~ -in the sun's atmo»i)hnre 
from the coincidence of the bright lines furnished by elemcnta in the laboratory with 
the dark lines in th^ solar spectrum. The halogen elements, nitrogen, oxygen, gold, 
mercucy, and a fav other elements, have pot been detected in the sun. The sppotrum 
of an unknown element — helium — was observed in the solar spectrum some thirty 
years before the corresponding element was discoyered in the earth. Tlie light from 
the fixgd rffcars furnishes results similar to those obtained with sunlight. The lines 
of ny'drogen, helium, carbon, magnesium, calcium, and iron have been detected in 
nebulae ; *and hydrogen and hydrocarbons have been recognized in comets. 

The light from ipcandescent. solids furnishes a continuous spectrum, but ihe 
spectra of gases and vapours are dikontinuous and furnish line spectra. The 
spectrum of an elennuit can be excited by feeding it into a iiiimo—Jlam spectrum ; 
by piling it through an eleotrie. nje— urc spectrum — or through the electric spark 
discharge —spa speAmm ; by the action of light of suitable irequenciy—jiuoresoeiU 
emission spectrum. The lines of the characteristic spectrum of an element obtained 
under low dispersion, are usujilly resolved into a number of components with a high 
dispersion. If some of the components of a line are very close to and faint compared 
with the others, they are called satellites of the brighter component. With a still 
higher dispersion, a stage is reached a4 whiefh no further components of % line can bo 
observed. The distinction, however, is largely one of degree. The wave-length 
of a complex line is that which would bo obtained with *a •hspiTsion too small to 
resolve it into its components. In addition to one or more characteristic line 
spectra, some tjlements also show a band spectrum. Compounds usually omit con- 
tinuous or band spectra,* or else the line spectra of the constituent elements. In a 
► typicaj band spectrum, there arc a number of bands each consisting of a large 
number of lines ranged together in close sequence. The lines are more closely 
crowded at one end. wliich is regarded as the head of the band, wliilo the crowding 
gradually becomes loss towards the other end or tail of the band. J. Plucker and 

Hittorf, and,J. Salet assumed that different allotropic forms are involved hi the 
different spectra furnished by a gas. H. von Hclndjoltz suggested that the line 
spectra are, produced by atoms, band spectra by molecules. This idea was developed 
by E. Wiedemann, A. J. Angstrom and R. Thalen, A. Wiillner, E. Zollner, etc. In 
general, band 8j)ectra are characteristic of compoumls, not elements ; and the 
bands in the spectrum of nitrogen arc assumed to be })roducod by the nitrogen 
molecule, not its atom. 

Isaac Newton favoured the assumption that “ light consists of exceedingly 
minute particles shot out from a luminous body, and causing the sensation of light 
when impinging on the retina.” Newton’s corpuscular theory explained the 
reflection and refraction of light very well, but it left unex})lairied numerous other 
phenomena. In 1678, C. Huygens suggested the wave theory of light, and his ideas 
were subsequently' developed by T. Young and A. Fresnel. J. C. Maxwell showed 
that both light and electromagnetic phenomena are produced by waves transmitted 
through the aether,^ which differ only in their wave-length. A similar ])aralleli8m 
Ixists between ultra-violet light and the X-rays. • 

• The thcon’ of the spectrum is based on the hypothesis that every ray of lijht is 
propagated by a kind of vibratory, undulatory, or wave-motion, which possesses 
energy. The medium which propagat<^8 light is the immaterial plenum called the 
unknown ^ther. The aether is therefore an hypothesis to assist in picturing a 
mechanism by which energy can be propagated through space, and it is assumed 
that light is propagated by the vibratory or wave-motion of the H*ther. The velocity 
of light approximates 200,0fX> miles or 3x10^® era. per see., while the molecules of a 
gas travel about a quarter of a mile or 4’6 x 10^ cm. per sec. There are two ways of 
measuring wave-motion : (1) the vibration frequency represented by the number of 
vibrations per sec. ; the vibration frequency may^also refer to the number of vibra- 
tions per cm., and is usually symboliiid by v ; arid (ii) the vS(m-Un^ represented 
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by tba distaxioe from cre«t to crest or trough to trough of 
v^nbolued by A. The greater the frequency the shorter t 
veiiely. If ' K be the velocity of light, 3 X 10^® cm. per sec^ 
i&g the number of vibrations j)er cm. is represented by v— V 
used in, theoretical work, is too large, an^it. is common to 
mental work. The wave-length can be expressed in termf . • m 

Uft, U O'OOlu or O lXXJflOl mm., or.in ten-rnillionths of a metre, m., 
tie last are called Angstrom’s unifs— symbolized k—e.g. 0’r)89/i-589/i./i— 

The spectral lines of the diflerent elements are referred to a scale of wave-lengtM, 
and usually expressed in Angstrom’s units. J. von Fraunhofer designated The chief 
lines he noted in the solar spectrum by the letters A, By 6 ', J), . . and since 
some of these lines coincide with the characteristic liTics of .known elements, 
certain lines of certain elements are sometimes designated by Fraunhofer’s letters 
— e.g. the Z)-lino of sodium. • / 

The differently coloured rays of light depend on diffcretictis in the rates of 
vibration, or vibration frequency. There is a specihe rate of vibration for each 
colour. There are myriads of rays of different wavi;-lenoth,iri a beam of white 
li|(ht. It is the function of the speetroseope to separate these waves, so that the 
different rays arc 8ort<;d in tlie order of their vibration frequency or wave-length. 

In the spectrum, the rays which produce^ the aioisation of ri'd are slowest, the violet 
fastest. When the eye reeidves nearly hid billion of these vibrations per sec., it is 
agreed that {he colouf<«ensati<)ii kh red , and if nearly 750 billion per sec., violet. 
All the different coUurs of the K[teetnuu he between these extremes. Otherwise 
expressed, the eye ri'eognizes as light only those vibrations of the cotlier ranging 
between a wave-length 81 millionths of a cm. at the red ei^d and 30 millionths of a 
cm. at the violet end. Some people's eyes are tuned to wi* a little further than • 
others into the ultra-violet or the ultra-red. 

In 18(X), J. F. W. Hersehel di.seoven'd the (‘xistence of the so-called ultra-red rays 
or the invisible heat rays in the region beyond the red m the visible, spectrum ; and 
the fbllowing year, J. W. Ritter discov<*red the so-ealled ultra-Viplet rays in the* 
region beyond the violet of the visible spectrum. Two hy]>othese8 were then 
invented : One assumed that there are thre»* distinct ty]>e8 of ny s jiresent in light — « 
the heating, the visible, and the actmie. It was further supposed that these rays 
overlapped somewhat in refrungibditv, and thus the heating rays a])peared m the red 
and orange, and the actinic in the vioh't and blue The other hypothesis supposed 
all the rays to be the same in natun*, it:, undulations m the jetlier; but the ultra-red 
and ultra-violet rays w'er»‘ suppo.sed to differ .somewhat in quality or intensity which 
made them invisible. Thus, the undulatory theory is monistic. It was championed 
by J. B. Biot in 1814 and by A. M. Ampere in 18, 'hJ. The wave-length of Mie rays 
at the violet end of the speetruin is 4 xlO"^ cm , and at the red end.Vs XlO'^.* The 
wave-length of the ultra-red rays have bei'ii nieasurrd to dxlnJ* em.— these waves 
correspond with the {ethereal vibrations of the electromagnetic wavffs used in wireless 
telegraphy ; and J. Schumann measured the wave-length of ultra-violet rays to 
1*22 XlO“® cm., or 12(X) A., Schunumns wares, T. Lyman down to OfilxlO^^ or 
510 A., and R. A. Millikan and co-workers down to () .32 x cm,, or 320 A. Thf 
X-raJ^s have a w’ave-lengtii beUveeii 10"* and 10' ^ The visible s^^ectrum thus 
represents a very limited n*gion in the range of known {ethereal vibrations, which 
progressively increase from 10" 5 to 3xU)^ cm., and differ only with regard to the 
detectors employed to deR'rmine their presence. The term light i^ therefore 
extended, and it docs not necessarily mean only visible light. 

The rays at the rt‘d end 'of the spectrum produce thermal effects, and the 
energy of those heat rays has been explored in different parts of the spectrum and 
extended into the ultra -red. The rays at the violet end of the spectrum are the 
most active chemically, and these actinic rays extend well into the ultra-violet. 
The light at the red end of the spectrum are the least active chemically. These 
facts are utilized by the photographer, who employs ruby -glass or red screens to 


vibration, and usually 
,hb wave-length a&d con- 
the frequency represent- 
/A ; but this unit, though 
erapk)yy*=l/A in experi-* 
j*(j1 ix, i.e. 0*001 mm., or 
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cover the windows andt lamps used for the dark-room. The ultra-violet rays are 
largely absorbed by glak, though quarts is fairly transparent to these rays. In 
illustration of the cheftiical activity of these rays, they decompose silver salts ; the 
iodides of potassium^ sodium, calcium, barium, zinc, etc. ; ferric sulphaUs nitrate, or 
chloride is reduc#cLtciithe,ferrou8 salt particularly in the prescmt'e of organic matter — 
e.g. cane sugar ; soln. df chlorates and bromati*s are quite stable if exposed to sun- 
light in glass bottles, but they are appreciably -reduced by light if kejit in quartz 
ves^ls# The rate of reduction is augmentt'd if sugar is jirt'simt. lUtra-violet light 
dA^omposes ammonia, nitric and nitrous oxides, and carbon dioxide ; it induces 
the combination of oxygen with hydrogen or carbon monoxiih* ; ainl produces 
with oxygen, ozone ; .ultra-violet. ligi\t ionizes air and other gases, and it produces 
the so-called photoelectric effect. 

It might be added that the spectrum of a gas dcjauids partly on the temperature. 
and pfirtly on the -pressure under w-hich the gas is contiiu'd. In passing to a higher 
temp., new lines ar^ofbm added to a spectrum, and old lines disapjicar ; for instance, 
the lithium spectrum in the electric an* shows a blue line not visible in tlie spectrum 
obtained by Bunsen’ 8.fl aim*. .The characU'r of the lines also dc}K‘nds upon the. temp, 
under which the gas or vapour is examined. Sodium in a Bunsen's flame, for 
instance, gives one well-defined yellow line wliich is really compounded of two 
yellow lines ; but at higher tcnqi. three other jiairs of lines make their appearance. 
The difference between the high and low temp, spectra is sometimes so ^narked that 
in the early days of syiectroscopy J. Plucker and W. Ilittorf Wr(JCe : “There is a certain 
number of elementary substances which wh(*n differently treat'd furnishes twq kinds 
of spectra of quite different character, not having any line or hand in common.” 
The variations in the spectra are <*hara<‘tcristic, and tl is possible to deduce the 
• appros^nuUe temperature from (he corresponding specirum of a substance. In a general 
way, it may he said that the spi'ctra of oh*im‘nt8 become more compl(*x as the temp, 
is raised. In the case of compounds, too, A. Mitscherlich showed that they may have 
a characteristic spectrum in which no lines of the constituent elements can be 
*detected ; hut ii the temp, he high enough to decompo»3 tin* conqiound, the cha- 
racteristic lines of the constituent elements will appear. Tin* sjieetra of some 
I elements are influi'nccd by the medium, so much so that the spectra may he 
obliterated or suppressed. The subject has been studied by (1. K. Gibson and 
A. A. Noyes, etc. 

At small pressures, sj)cctra with broad hands ^re obtained. .\s the press, is 
increased, ” new series of lines arise which exiHt<‘d only in germ at lower pressures ; 
the bands give w^ay to lines, and finally a continuous hand of light is obtained corre- 
sponding with the pure spectrum. Under great press , all incandesecnt solids, liquids, 
and gsftes eim|^ continuous spectra. A. Wullner, A. Schuster, G. Ciamieian, 
G. D.ljivcing and J. Dewar, etc., studied the widening of the spectral lines by press. 
E. Frankland and J. N. Lockycr found that if the ])reR8. of hydrogen be increased 
while an electric eJUrrent is passing through the gas, the lines begin te expand until the 
spectrum becomes continuous, and finally, the resistance becomes so gn^at that a 
current will not pas?. J. P. Gassiot, and J. Pliicker also found that if the press, of 
Fydrogen be diminished, the electrical resistance attains a minimum ; then increases, 
and finally becomes so great that a current will nolspass. Hence, added A. Schuster, 
the resistance of the gas may be assumed to W the same when the current just ceases 
to pass, whether the increased resistance is jiroduccd by too great or too low a press. 
In the for^icr case the gas is not heated so much as in the latt(*r case, and yet the 
spectrum is not continuous nor are the lines widened. Hence, the observed widening 
of the lines, observed by E. Frankland and J. N. Lockyer, is not caused by a rise of 
temp, but by press. The widening in the spectra of some substanc’es begins with the 
more refrangible lines, and in that of others, with the less refrangible lines. Thus, 
J. Plucker and W. Hittorf found the widening with hydrogen begins with the more 
refrangible lines ; G. Ciamieian found mercury behaved similarly. With oxygen, 

J. Plucker and W. Hittorf found the widening begins with the l^ refrangible 

• • • 
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lillMim Mid with sodium, and Aibidium, ardT^ 

N.'Looky«f found the 421tt-8ilv6r line widened on the more retraligible ““ 
line on the lc«. refrnngible ride. / »• ffe^on taj 
«*ject. J. 8. Ame», W. J. Humphreys and J. K. Mohler £c«^ that ‘^e 
doM not act in the same way on the rays of difierent senes gf spcolifcl lines, 

f en series they represent the effect of a change of press., dp, on the wave-lengtn, 
by dX^XpJp, where j5 is constant for a given senes. B. S. Hutton ana 
J. B. Petavel studied tha effect of press, up to 100 atm. on arc spectra. * v ’-i. 
Borne 8ubstanc(»i absorb certain colours and transmit others ; they n^ absorD 
Ittht in lines as narrow and sharp as the lines in the emission spectrum. They 
oWrved in the case of sodium vapour whose absorption sDcctnim appears as a dark 
iiiie in the continuous background. The lines in the aoserption and continuous 
i^otra are not necessarily the same. Hydrogen, for instance, under normal con- 
utions does not absorb any of the characteristic lines of its emission spectrufi. If 
ft coloured soln. be illuminated by the light from an incandesceit solid transmitted 
through the soln., a series of dark bands or lines, called the absorption spectrum, is 
obtained. A number of soln. have very characteristic absorption spectra — e.g. 
blood, didyroium chloride, copper sulphate, potassium chromate, potassium per- 
manganate, potassium dichromatc, etc. H. C. Jones and co-workers measured the 
abaorption spectra of a number of soln., and inferred that the solute forms com- 
pounos with^the solvent. They §ay that there is a gradual shift in the absorption 
band as one salt is trlftisformed into another by the replacement of the acid radicle 
owing^ the formatien of intermediate compounds. T. K. Merton, however, showed 
that this statement is a mal-inferencc, and is readily explained by the superposition 
of two absorption curves ; he also observed that press, up to 750 atm. had no 
influence on the absorption spectra of soln. , 
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§ 3. Evidence for the Unitary Theory, from Speotrom Analysii 

' aTij^final impression our mind rocoives on contemplating? these fundamental relettons 
i#that of a wonderful mechanism of nature, the functions of which are i^rfonricd with never- 
failing odirtainty, though the midd con only follow them with difficulty, and vrith a 
humiliating sense of the incomplotenass of its ^lerccption. - J. J. Haijjkr. 

To produce light something must vibrate. It is assumed that the seat of the 
impulses which set up wave-motion in the tether are vibrating molecules, atoms, or 
may He sub-atoms. \t is assumed th*ht each particular band or line is an effect of the 
periodic vibratiomfof particles, and that the line spectra are produced by vibrations 
confined to atoms, or parts of atoms, while with band spectra the vibrations are 
similarly confined to the moltcules. Owing to the fact that each gas, when heated, 
has its own characteristic spectrum, it is inferred (i) that the rates of vibration of the 
particles of the hot gas which give rise to the spectrum are constant and oharaoter- 
istic ; and (ii) that the vibrati^ particles of the gw set up oorrespondinjj vibrations 
in the aether which are recognized as light rays wth a speoij^ spcctruln. The fact 
that the same kind of light emitted by a hot gas is arrested when the attempt is 
made to send that light througli the gas, is taken to mean that when the Tate of 
vibration of any ray of light coincides with the rate of vibration of the nartioles of 
the gas, the light will be more or less completely quenched by those particlos because 
• the energy of the light ray will be expended in setting those particles into vibration. 
W. (I J). and C. U. Whetham ^ express the idea of sympathetic vibrations neatly ; 

A chUd’s is set m motion by giving it a series of small imptilsos which eoincido 

•with its natural i^nod of oscillation, and in a similar manner any mechanioal systomwill^ 
absorb energy which falls on it m rhythmic unison with its own natural vibrations. 

Conversely, if a ga.s be heated sufficiently to set the part-iclcB vibrating vigorously 
enough to give out light, then the light will have the same colour as that which the 
gas could stop. The particles will act as storm centres and wmd out waves into the 
fiether which appear as light. The absorption of different coloured rays by afferent 
gases thus indicate that the particles of a gas possess specific rates of vibration, ihe 
compression of a gas does not effect the rates of vibration of the particles or of the 
colours absorbed by the gas because the same coloured rays are absorlwd by the 
compreised gas as were absorlied by the gas under ordinary press. Hence, e 
vibration is not*a property of the gas as a whole— for the properties of a mass of gas 
are altered by compression— but it is a property of the separate parts of a gas wmch 
are onlv brought^closer bv compression while their rates of vibration are not anectea. 
G. Riband studied the kinetic theory of the absorption of imergy by the molecules 


• The constancy of the spectral lines in the spectrum of a gas shows that the 
motions of the vibrating particles must be remarkably regular. The pe,ndd ot 
vibration of the particlos, as revealed by the spectroscope, conditions a ohemioai 
property which, in the opinion of R. Bunsen, is as constant and fundamental M the 
at. wt. of the element, and which may bo determined with very great e^titude ; 
indeed, dn im, the International Congress in Paris accepted a proposal by de 
Gramont that no newsnhrtanoe be recogniied as an elbnwnttmtU 
has been measured, and shown to be different from that of ewry outer inos^ 
form of matter. The large number of spectral lines in the spectra of many eiemen , 
«.o. iron, shows that the vibrations which give rise to the epcctram 
ably complex. According to J. N. Lookyer, the lines are connected wth the itterent 
vibratory powers of different portions of an atom. In other words^ an^atom is 
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aggregate of particles, and hence H. A. Rowland was led to say that a grand 
piano 'must be a simple mechmiigm in comparison with a vibrating atom. %11 this 
IS simpoeed to imply that the spectral lines are due to the vibrations of particles 
smaUer than the atom, and that the atom itself is a oompto system ma^ up of 

▼tartlllf eorpnsdes. Indeed, the atommii$el/ w now cov^i^eeL4o be a kind of 
fiumature planetary system embracing numbers of corpuscles each spinning in its own 
orbit. This recalls the speculation, where the individual atoms were supposed 
to whirl rhjrthmically in minute orbits to form molecules, much as the planet%in 
solar ^stem revolve about the sun. The idea is quite an old one. S. Brown, f(W 
example, in 1843, said : * 

j* mems CMontially or oven potentially indivisible,’ There is a possibility 
t^hat within the atom w another nameless world of the universe. Under the 
•«y of the atom proceed worlds of rnab^rial oxistcnce as different from atoms as atoms from 
expound particles ; as com{K)und particles from <yystal shajj^s ; as crystal shapea from ' 
^ *tars and planets from solar sysb'ins ; or .as solar system/ from 

It will be observed that at lea.st three characteristic 8])ectra of an element may 
M possible, for the spectrum may be produr ed by tlie o.srillations (i) of the 
molecule as one unit ; (ii) by the atom a.H one unit ; and (iii) by the sub-atoms, 
or parte of. the atom. The r(‘cognitibn of. the fart that the spectrum of an 
element depeiids on the structure, of its molecules or atoms, induced hopes that a 
study of spectra would*t(‘ach somethin^ about the structure of mutter. The problem 
api)€ar;fd to be^mmeftsely comple.x. Thus, ]\. W. Wood said : 


likJiil l.y in..uim of flio «|,octro«copi. miobf bo 

*( ^ "n tho I>art of an iii.bvi.lual «bo bad no oxiwmio witli or con- 

eeption of any muHienI instniment t< ' vmui ur ion 

orchestra by listeriinf? to n com'crt. 


„ ; e"”'* m nn imuvKiuai who mul no experjonee 

•* n.UH.cal m.truinents of an 


'bvxtipftnrx to sonk for Minplo harmonic 
Relations Iwtween the freijueneies of tin* moh'cular vibrations, such as the wholb-* 
number ratios known to <‘.xi8t between the fundamental note and the overtones of an 
organjipo or piano -.string. Tims. K Ma.seart, L. de Hoisbuudran, J I, Soret, 
a. J. Steney, (t. D. Liveing and J. Dewar joined in the rpiest At first glance, the 
spotral lines of a given element seem to be so comple.x that anv attemi,t to reduce 
them to order appears to be hopeless According to F. K.xner and K. Haschek the 
wo spectrum of uranium contains 4940 iirn*s. and the spark spectrum 5655 lines. 
H. Kayser and 0. Uunge tabulated 45<Kl lines in the spectrum of iron. A.s a rule the 
n^ctra of elements with large at. wt. are more complex than those of elements 
With low at. wt, G J. htoney noticed a semblance of order in the speckriim of 
hydrogen ; and A. Schuster asked : Is tin* number of whole-numbe? ratio.s between 
the wave-lengths greater than would exist if the lines were distributed at random ? 

iron h«?nnS'i !i »«dium copper, barium, magne.sium^and particularly 

iron, he concluded that the whole-number ratios were less than would be expected on a 
chance distribution J. J. Balmer found that the wave-lengths of most of the 
hydrog^ lines can be computed if whole numte*rs be substituted for m in a formula 
3b4i Lm-/(m2-4). mle hydrogen, 1. 7. 7. The numerical relations 
between the lines of a spectrum are more readily discerned when the ffequencies v 
are substituted for the wave-lengths. A, as indicated above, where v=>rK In the 
warch for analogous laws in the spectra of other elements, it was found that the 
lines of many apparently chaotic spectra can be resolved into a number’of regular 
series sunmiosed one on the other. Thus, the spectral lines o! the elements be 
uranm in gl^nps or series. The spectrum of helium, for example, can be resolved 
into eight such wries, each of which has lines which show a regular decrease in 
intensity with vibration frequency. Oxygen has a spectrum with six surierposed 
sets of Imes ; hydrogen and the alkali metals have each four such series. The metals 
m question have monatomic molecules, and hence it inevitably follows that the atoms 
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jwve ^com plex constitution, and that the qwcM UnH in not lU iMwed hr 
m nmnoni'ot the game kind ot puticln ; nioini inoomplesaggnnieioi 
mianon oorpudes.* 

L. de Boisbaudmn emphasized the siniilarities in the spectra of related elements, 
^me of these itktions Jiave been applied ta estimate the at. wt. of the elements-— 
mde gallium, and radium. He said : 

In^e natural families of elements, the variation the increment of the at. wt. ia pro* 
portipnuto the variation in the increment of the wave-length of homologous ray* or groups 
at rays in the third harmonic of the spectrum. 

Although the spectrum of each element is characteristic of that element and of no 
other, yet the sjiectru^i t»{ ea.ch’of thv five alkali metals can be resolved into four 
homologous series such that every line in one spectrum is represented by a corre- 
sponding line on all the iJther spectra ; and generally, the Speotn ol related elements 
form natural or Ijpmologous groups. The corresponding lines do not uoceB.sarily 
all occur in the visible spectra, e.g. tin* dark red line of the ruliidium spectrum corre- 
sponds with a line in the ultra-red in the otln'r spectra ; and the yellow lines of the 
sodium spectrum are homologous with lines in th<‘ ultra-violet sjicctraof the other 
elements. The sjiectra of related elements seem to be 
^subject to a law of homology which i^ closely connected 
with their at. wt. Pkeh series of homologous lines 
apjiears to contract in passing from one elemt*nt to 
another so that as the at. wt. increases, the lines at 
the red end of the spectrum apjwar to open further 
apart, and at the violet end, to draw closer together. 

, Thus, C. Hunge represent<*<l the spectral liiu's of tho 
alkalf metals by dots, P'ig. 1 , so that their limits at 
the violet end coincide ; it will be seen that the lines of 
this particular series contract in jiassing from lithium to laesium, and the relation 
• l^twcen the contractions and the at. wt. of the elements is shown in the diagram 
by making tlie distances between the lines represent the magnitude of their 
^ at. wt. — rulf' 2 20, 7. Similar remarks ajipiy to the spectra of many other 
families of elements. 

Ai.’cording U) 1 ). 1. M«‘ndeleeff, the chemical and jiliysical properties with the 
odd or even series of elements in the periodic talilc, /csemble one another more closely 
than they do with elements immediately adjoining. Thus, th«‘. spectra of gallium, 
indium, and thallium in the third odd series resemble more the spectra of their 
homologous potassium, rubidium, and caisium in tin' first series, than the spectra of 
their homologous calcium, strontium, and barium in tho second even scries. In a 
givci natural *gro^M*> Hunge found that with increasing at. wt. in chemicallv 
related series, i.e. the vertical series of the jicriodic table, the spectral lines shift 
towards the lessirefrangible or red end ; while the spectra of elements in a horizontal 
series C. 7 . like sodium and magnesium, jiotassium and c.alc.ium, ete.^-sluft in tho 
opposite; direction, so t hat the sjiectrum of an element with the greater at. wt. is as 
•a whole situated faear<‘r the more refrangible or violet end. 'I’lie difference, c, in 
the vibration frequency of a doublet in the sj^ectra of the. elements in a*given 
family is pfoportional to the sijuares of the at. wt., A, and the. values of vA~^ lie 
on a straight line, as illustrated by Kig. 2. The values of lithium, sodium, and 
aluminium deviate from the straight line belonging to tin; members of their 
respective familie^s. Many of the relations between tbi; projicrties of the elements 
and the at. wt. also apply to the at. numlH'rs. . 

There is thus a family likuness between the spectra of related elements, and a 
close connection has been traced between the at. wt. and the differences in the 
vibration frequencies of the bnes in the members of a given family of elements. Tho 
at. wt, of groups of related elements with thpir related physical and chemical 
properties (Uifer by definite values, and the spectra of these elements show that 
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mimcif of their fttome affect their rates of vibration in a similar manner. 

tilavA'to mean that not onljjf an atom of an alement a oomplei oompoeea m 
dWHw n t agfiagatef of partidea* bat the atoms of allied etoments are bnilt np of 
*^***^^* agfusaates of particles ; and the observed differences in the spectra of allied 
dementp reaoits from differences in the way these aggregates ara arranged in the* 

atom. The assumption that light 
is produced in the atom by the 
oscillations of electrons aheut.a 
|)ositive nucleus is discussed in col^ 
nection with the structure of the 
atoni, aud the mathematical treat- 
ment has 1)e<‘n vpry successful in 
explaining the line spectra, 

• In general, the line spectra \fhich 
have been rcdilc^ to order, show 
that the frequencies of tfio lines in 
a 8})ectrum follow a definite law ; 
and that law is always of the same 
t}pe. Such spectra are called series 
•spectra- the series spectra of* 
the alkalifs, alkaline earths, and 
many metals. The 8j)ectra of the 
elements on the left of the periodic. 
tul)le appear simpler than those on 
, the right, and the series spectra of the 

latter have not yet been resolved. \V. liiii showed that (i) when the freqyency < 
of every line can be represented as the difference between tin* frequencies of two other 
lines in the spectrum ; aud (ii) it is iiossibh* to find pairs of lines with the same 
froquoncy difference, then usually the sjieetrum hues can be resolved into U'rnis 
of a series although it may not be possible to complete the analysis. . VV. Ritz calleci * 
this tho prinotplo of COmbinAtion — das Kondnuaiionprinzip, 
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Tho formula of J, J. Bolmor 


a or V — . 

m*— ?»■’ 


* ( 1 ) 


whero a, and 6 ^ oonstantn, and m and »» are inU^gure, gave excellent ii'aultH for h\ drogen 
whan n—2. H. Kayser anci C. Rungo Beriea formula (1888) is 


v=mA \-Bm~*^ Cm * (2) 

whore A, B, and 0 arc constants, and m is intogral ; analogous fonuulfp with thre# lorms 
the powers wr » and w * wore also suggoatod. This formula w to bo'rogarded os the 
•ones formula commonly employed when tho form of a function is unknown 
R. Rydberg s oories formula (1889) is 


e=»/lq- 


N 

(w+o)* 


(3) 


where m ii any integer ; and a is a number betwtieu imity and zero ; .4 Ls a constant • and- 
is a omiveTBol constant. J. R. Rydbt^rg’s formula is sometimes written v-(m, a) 
H, (1900) used a alight modification of J. R. Rydberg’s formula, L. Rummol (1896) 

wnnloyed A— a-f-6/(m** c), where a, 6, and c are constants, and m is on integer* A Fowler 
andH. Shaw(1903) used where^ andm„ are constants ; and 

also v««i',-iv/{f?w~wi,), where p ia a constant. In \V\ Ritx’s series formula (1903). 

v«iiV(j)''«-g-~«),whero;)-«-»m4-a + i8m-»-Pym-H. . . ; . . . 

By omitting the higher members of the w^rios, this assumes the form of 
n-A- ^ * ^A- 

(«» jW+pj 1 7r^(A- y); » ‘ ' 

wliere N is the universal constant, and p, and ni ore numbers which have rather different 
values. These expressions are ndated to J. R. Rydberg’s formula. W. Rita used the first, 
and F. Paeohen the second, of formulaa (4^ J, Halm (1904) employed ( Voo ~ v)" * »o(m -P u)H6, 
where a, p, and 6 are constants. T. von Lohuizen (1012) employed a complex expression 
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wh»h cm be lim^ed untfl it renmblee the eeooad of formula (4). B. E. Monendortf 
(im)aildW.Mj£oka (1910) used the formula ^ ^ 

N 

where A, ^ and 6 %» octants. Asauming tl^t a) roproeente eriuation (3), a,ty]jical 
speotrum in which there atd^our groups of series with a p, d, and 6, where fs in the i-group 
may have any value from unity upwards ; in the p-group, any value from 2 ui>ward8 ; in 
the d-group, any value frt)m 3 upwards ; and in the'h-grouj) any value from 4 upwards. 
Thqp, the different series of lines are : 

• * 

FJfnNCrPAL SERIES. 8UB8IDIART SERIES. 

.... v~(l,a)~{mfp)'i First or diffuse . . v^(2, p)- (»n, d) 

Diffuse . d) ; Second or 8har|) . i''=»(2, p) (w, «) 

Sharp j,=(l,Ti)~{m, aj ; Third . . . vi-(2,p) (m, p) 

Uorgmann *8 series . . v«=(3, d) — (m, 6) 

where the m in the second term is greater by one than the constant number in the first. 
The principal series tlways contains the most intonso characteristic lines of the elements. 
F. A. Saunders, A. del Campo and M. A. Catalan, A. Kral^or, C). Oldonborg, P. 1). Foote 
and F. H, Mohlor, and A. Fowler have also discussed series spectra. 


When a solid is heated to a high enough tomp., light is emitted ; and this light 
can be resolved into a continuous spectrum. The (bstribiition of the energy for 
light of different wave-lengths can measuiTd by a bolomeb^r. In geiK'ral, the 
relation between the intensity of th(; radiant cm^i^y and tlie^wav(‘-lei.gth depends 
on the nature and temp, of the heated body. A umforndy Iieated enclosure, which 
absorbs completely all the radiation falling upon it, is a perfect f'adialxTr of heat; and 
the thermal radiation which it emits is a function of tomp. only, and is indepmident 
of the nature of the material. A substance possessing such jtropertics is called a 
* black body. No known substance is a perfect black lx)dy-~lamp-blaek is a close 
approximation ; platinum and white oxides depart considi^rahly from hlack*body 
radiation. The relation betweiui the temp. T, and the. energy of black-body radia* 
^iop, E, established by J. Stodan, L, Boltzmaun,^ and 0. Luinmer and E. Pringsheim, 
is 5‘6xlO“5(T^-ro'*) ^rgs per sq. cm. per see. This is known as the Stefan* 
Boltzmann radiation law. Here T denotes the absolute tomp. of the radiating body, 
and Tq the to;mp. of the body receiving the radiations. 


Lord Rayleigh found the relation between the radiant energy, E 
or the vibration frequency, v ; and the absolute temp ,tT, is 

VkT 


the wave-length, A. 




A. - 


whore V denotes the velocity of light, 3x10*® cm. per «oc. ; anii k iw the so-called gai 
oonstantiper atom or 1 37 X 10 “*• ergs per degree. W. Wien gave 

Vh h, 

E=:V*EX *e »T i E^hv*V'*t''kT 


where h is the universal gas constant, 6-62 X I0~*’ org-scc. M, I'lanok gave 
£.= V'*A-‘ 

VH ’ fc.- 

% e*^*'-l 8*^-1 


W. Wien’s equation fits low values of XT ; Lord Kayh igh’s high values ; and M, Planck’s 
is applicable over the whole range. 


M. Planck’s radiation formula is alone based on the (quantum th»‘ory of energy— 
2. 13, 15, * The formula3 of Lord Rayleigh, and W. Wien are based on electro* 
d 5 mamic 8 , and thermodynamica and the equiparlition of energy— 2. 13, 10. 
M. Planck assumes (i) that there exists in the enclosure linear oscillators similar to 
those used in the production of Hertzian waves but of molecular dimensions, so 
that the frequencies of the harmonic vibrations omittoid by them of the order of 
magiptude of those present in the radiation from .the black bodj ; (ii) that an oscil- 
lator cannot take up energy continuously, but ditconlinuoiuly hi muUiples of a unit 
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0UaiUum € ; and (iii) that the unit quantum which the oscillator can emit or a^rb 
If proportional to ite frequeijcv, v ; that is, €~hv, where A is a universal Constant. 
Headd^; 

In what way we are to conceive the nature of quanta of a pureljf d^aimcal nature, we 
oaottohyet nay for certain. Poueibly sujrfi (jiuanta might be acqpunle<hf%r if each source o 
radiation can emit energy only when that energy attains at least a cortam mmmaum vwue , 
juat aa a rubber pijs», into which air w grailually compressed, bursts and scattcre its contents 
only when the elastic energy m it altams a certain value. In any case, the hypothesis of 
quanta has led to the idea that there are changes in nature which do not occur confnjuously 
but in an explosive manner. I ni'od hardly n^ramd you that this view has become ranch 
more conceivable since the discovery and investigation of radioactive phenomenrf! Besid^, 
all difHcuitios connected with d«‘tailed explanation are at present overshadowed by the 
oirounistanoe that the (juantum hypothesis has yielded results jrhich are m closer agreement 
with radiation-measurements than are all previous theories. 

According to the quantum theory of enei^y (1. 13, *15), if h is the ury versa! 
constant or 6*02 X ju nrg-see. units ; v the vibration freque^y of the radiation ; 
and W the radiant energy ; then \V or n\V —nhv, where n is an integer usually 
unity. This expression means that radiant cnerg^v of frequency v is always 
radiated in bundles or <juanta. The yellow sodium 7.1-line has a wave-length 
0’6896/i, so that the vibration frequency is v - 3 X 53% x 088 X 10^^ ; 

and Av~G/>2 x 10-^7 x 5088 .< .‘13 09 X lo ergs. Hence, remembering that a 

watt is 107 grjrg per sec., it follows that the energy quanta involved arc very small. 
If the conservation oNjncrgy is applicable, then in jiassing from a state a to a state h, 
the i^tom pasts with energy ft is shown that atoms may occur in 

(i) a normal or electrically neutral state, ami (ii) the charged or ionized condition. 
If each of thesi* states has a characU'nstic spectra, and hll other states are inter- 
mediate between those two, tlnui the work required to make the atom pass from* 
the state a to the stab* h is equal to the work of ionizing the atom. The terms of 
the spectrum of an element eunvi'rgi* to zero frequency at one end, and cease at a 
frequency at the other end, the extreme difference of frequency is i>at so that 
the extreme difference of energy should 1m* /ii'a, and this should represent the wch*kt 

required to ionize the atom, or ff'o The ionizing potentials of some metal 
vapours are shown in Table I, and the rc.milts are well in accord with the hypothesis. , 
h is hero expressed with the. volt as unit of energy and 3x sec, as the unit of 
time. To express h in ergs multiply the tabulaU‘d values by 5‘3<)x 10“-^. Tliis 




Tablic T.— lo.Nl/lNO 

Ionizing iK>t<-ntial 
ll'n \oltfi 

POTK.NTIAI.*^ OK VaPoHRS 

Fr(‘qw*>nr\ 

, I'o per cm 

Ratio 

0 ol^in«*h. 

Mercury 


10 38 

' 017v|0« 

1-257 x 10 

Cadmium 


8 0 

7-25 ^ 10< • 

1-23 xIO 

Zinc . 


or> 

7-r>8x 10* 

1-25 xlO 

Cioaium 


3 0 

3 14 X 10 ‘ 

1-24 xIO^ 

Rubidium 


4 1 

3 37 X 10* 

1-22 XlO 

Potassivftu . 


4 1 

3 r>0 '10* 

117 XlO 

SodiAm 


/> 13 

4 14 ■ 10* 

1-238x 10 


gives a mean value (>'52\1B“'‘7 j ][ Jeans. E. Bickerdike, etc., have 
discussed the relation between radiation and the emission of • electrons ; 
K. T. Crompton has discuas^d the ionization of gases at potentials below the 
so-called ionization jiotential. The subject is discussed in A. Sommerfeld’s 
Atonibau nnd Spektrailiwn (Braunschweig, 1J19) ; in N. R. Campbell’s Series 
Spectra (Cambridge, 1921) , in A. Fowler's Heport on Scries in Line Spectra (London, 
1922) ; in W. M. Hicks’ A Treatise on the Analysis of Spectra (Cambridge, 1922) ; 
and P. D. Foote and L. F. Mohler's The Origin of Spectra (New York, 1922). 
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Ban4 spectra are assumed to be produced by molecules, spark spectra by 
ionized atoms, aMd arc and flame spectra by neutral atdms. Hence, W. Koasel ^ and 
A. Sommerfeld infer th*at the spark spectrum of an element corresponds with the 
arc spectrum of the •preceding element in the. periodic table. This has been dis- 
cussed by E. Fufttt, A. .&)mmerfeld, and W. Reis. There have bet'ii a number of 
attempts — by R. Thalen, L. de Boisbaudran, G. J. Stoney, G. Salet, A. S. Herachel, 
and T. N. Thiele — to firfd relations in the band spectra of the elements and com- 
poundaP H. Deslandres gave for the frequencies of the lines making up a single 


where w is a successive spirit's of integers ; and A and B are constant, A representing 
the head of the band when The formula was tested by U. Kayser and 

C. Ruuge, but it does ndl accuratol)’ repn'stmt the facts * particularly for small 
values of m. Other formulae have been proposed by G. Higgs, (1. Halm, C. Fabiy*, 
and P. Weiss. A tneoretical foundation for the formula was laid by N. Bjerrum 
on the assumption that (i) band spectra are produced by the rotational energy of* 
rigid polyatomic molecules ; and (ii) the emission and absorption of radiant energy 
in band spectra represent changes in the rotational energy which occur in accord 
with the quantum theory. , 


In equation (7) (3. 27, 3), U is shown that the kinetic energy. H , ef a rj|{id molecule 
of mass m, rotating m a eireular orbit of radius r, with an Hn^j^uhir voloeity a>, is 
ir s= 2 m 7 r*cu*r^. and since (he angular moiiu'iitum 2tria<ur*-- J hA/jt, it fallows tn suhstituting 
for oj, ir~nVi*/87r*no * ; and reiiiemborinii that iy/h = -i>, it follows (liat tla> freijuency 
of the lines m (wo states of the particle should-bo 




which IS Hiniilar in ty[)e to II. Deslandre.s’ foniiiila, whenn, andn, are ml eyers corresponding 
with two states of the molecule. The fonniila was further unproved by allowing for the 
ftaot^hat moleeuli'S are not really rigiil bodies. A. Soininerfeld, A. Kueken, 11. M. Kandal), 
E S. lines, VV. W' ’Sleator, K. (Jebrckonnd L. ('. (tlaser, and W. I.,('n7, have discussed the 
application of the quantum theory 1«> band speetra 


The action of a magnetic field on spectral lines.—?. Zci iuan * found that 
when the light from a Bunsen's llame coloured with lithium c.arbonate or sodium 
flame IS passed between the paraboloidal poles of aif cleetromagni't, the. sjiectrum, 



• Fio, 3. - EfTivl of .^fognelie Field on the Spis tral Lines «>f Zine and ( 'admiuin^- 
Zts-nian’s Efb-et. ^ 

• 

with a grating of 14,938 lines per inch, showed that the two sodium lines, or the 
red lithium lines, are widened evt;ry time the current was turned on, and narrowed 
when the current was cut off. The sodium lines were widened on both sides to 
about of the distance between the lines when* in a magnetic field of an 
intensity of about 10^ C.G.S. units. In general, the lines m the normal spectrum 
of an element are usually broadened into doublets, triplets, sextets, oett^ts, or still 
more, complex groups when in an intense magnetic field. The t*flect will be evident 
from Fig. 3. Different lines of the elementary spgctra are {lerturbed in diflerent 
ways— some lines, originally single, may remain single ; others give rise to doublets, 
VOL. IV. 
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tiipletc, quartets, octets, etc. There is a certain pathetic int«ire 8 t attaching to this 

S henotiieoon- called th(! Zetoian 62toot bt'cauw^ the last expeifluent made by 
f, Faraday (March 12, 1802) was an attempt to find if anjp^ spectral change could 
be detected when the source of the light is placed in a niagnetil’ field. 

The ^ourl»«e gan ttaine ascended betw^i tiie poles of tMb/m^net, and the salts of 
•owium, Iiihium, olo., wore used to give colour. A Nicol’s polarizer was placed just before 
tne mtense magnetic field, and an Mblyzer at tht? other extreme of the apparatus. Then 
tna Mectro-magnet was made, and unmade, but not the slightest trace of effect on o| change 
in the lines in the spectrum was observed in any position of polarizer or analyser. • 

Observations by A. Tr6ve, A. J. Angstrom, L. Daniel, A. Secohi, J. *Chautard, 
E. van Aubcl, and P. Th^nard were also abortive,* In C, Fievez noted that the 
iq^ctral fines of a fiaine wt're broadened in a magnetic field. He said : Les ph6no- 
menes qui so manifestent sou.s Taction du magnetisme son^ identiquenient les mfimes 
que co^ pro<luits par une tdevation do t4.‘m^)erature. M. Faraday’s experiment 
wiled because the only available magnet was not strong enou|!;h. The perturba- 
won OT the spectral lines in a strong magnetic field is supposed to be due to 
^ ol vibrations ol the subatomic particles under a magnetic 
RTM. Ihe observed displacement depends on the strength of the magnetic 
noid. If the spectrum be produced by the vibration of atoms of the same kind 
It would he ^fiicult to explain why the mode of vibration of atoms of the same 
V reasunublc to suppose that the different 

• on the different lines o! the spectrum of 

^ presence of different kinds of particles in the 
element This simply means that at the hjgh Unup. of the luminous 
;‘*':‘'^^‘ntare ilissoriated into simpler sub-atoms, which 
f to th.‘ fact that corresponding lines in the.spectra. 

M fT inagnesmm. zinc, cadmium-arc similarly affected 

rt U infertoS'tllL’? 1 "I'''''"* ‘*>0 same modification, 

llni! in it ^ ^ the vibrating corpuscles which produce the A^, A^, A, . . . 

dSoe the .1 TlT corpuscles which ‘pro*- 

nnlv ia n K ^ ' i ’ ^ apectrurn of (cadmium, etc. Hence, not 

alfied a couiplox association of different corpuscles, but the atoms of. 

rnmLn ^ ««rtam groups of corjiuscJes, or sub-atoms, in 

common These observations.” said T. Preston. hind some surmort to the 

matted a'Il®thr‘"‘*‘“'’'^ “'1 “ «>“*' “» tl>'' varilL kinds tf 

“^ndanl'jrbir- ‘ “*« 

8. Po,.ow F Paaohou and E. B;ck. P. iSrand P m™' 

In general, (i) the lines of band spectra am not inlluenccd by a magnetic field • [ui 

(ui) the different bnes belonging to the same element are not all affected in the 
^e way ; (iv) with related elements the related lines behave in a slmil^ U • 
filw f w “.P^portional to the intensity of the niagneic 

t H »■ A. Kramers, ,N. Bohr and 

have doveloi«d the theory of the main features of the Zeeman 
effect. A. So^erfcld, P. Das, etc,, applied the quantum theory to Zeeman’s 
effect Aesunung that light is pr^uced in the atom by electrons oi^iUating about 
a p^tiye nuoleua-^ Mows that the frequency of this vibrationVuld 

a'*?" " “''J ‘'i'* «<^ntripetal 

fotOT wkoh 18 exerted by the imsitivc nucleus on the rotating electron according 
aa the direction of rotation is clockwise or anti clockwise with respect to the linw 
of magrwtio force. Hence, instead of a one-line spectrum two or three fines are 
pr^uoed, ^e two outer ones being produced by the vibrations of electrons whose 
orbita are dafleoted right and left with respect tei the lines of magnetic force The 
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^central lipe has the same frequency aa that of the original line, In'cause it is pro- 
duced by electrotb whose orbits are situated in a plahc }mrallel tu the direction 
of the lines of magnetic force. The values of the ratio ejm are computed 
from 2(vi~'»'2)7rF*/£f^«/m, deduced by H. A. Lorentz. Hero and to 

the vibration fre^ndy .of the two outer Spectral lines ; V denotes the velocity 
of light ; and H is the strength of the magnetic field. The n'sults so obtained 
agree well vrith those obtained by measurements bn the cathode rays. 

The,%u$tion of a magnetio field on polari^ light- -A similar explanation 
ap^ies to the observed rotation of the plane of polarized light by a magnetic field, 
fiist observed by M. Faraday, ^ and hence called the Faraday effect The effect 
has been the subject of nupjierous investigatioiiR. The influence of temp, has been 
investigated by E. Bichat,® etc.’; and the influence of chemical composition by 
W. H. Perkin, 7 etc. , 

The:action of an electric field on spiral lines.— Prior to 1913, no one bad 

been able to show tfcpat* an intense electric field hud any influence on the spectral 
lines. A gas is always an electrical conductor when it is emitting a spectrum ; 
there was therefore a difficulty in maintaining a sufficiently int<mse electric field 
to obtain a measurable displacement. J. Stark,® however, sucetjeded in a])plving 
an electric field to a l>eam of canal rays and found that with hydrogen <'ach lino was 
resolved into a number of components which increased with the, frequency of the 
line. Similar results were obtained with helium. The phenomenon is^known as 
the Stark effect Almost simultaneously, and yc't indepenflently of J. Stark, 
L. Surdo also succeeded in observing th(i effect in the cuihod^ darlf space of a 
discharge tulK\ The theory basi’d on the atoms embodying positive nuclei each 
with a set of revolving electrons w'as worked out by K. Schwarzsebild, and 
1. 8. Ej^t'in. The subject is discussed by A. Sommerfeld, L. SilbersUnn, and 
N. R. Campbell. G. Hettner sliows that if the diatomic molecules of a gas have 
an electrical moment, there should be a shift and a 8})litting of the spectral lines in 
thp external electrical field. 

In absorption spectra, it is supposed that light is absorbed by the body, and 
that some particles an; stiiuulatt'd into sympathetic vibration, so that they vibrate 
•bout a position of equilibrium. P. Drud<‘ ® assumed that ev(Ty molee-ulo contains 
a number of electrons injual to the sum of the valencies of the. atoms in the molexmle, 
and also an ion or ions wth a total positive charge equal to tlu‘. sum of the negative 
charges. He showed that the harmonic vibration of (dectrons causes an absorption 
band, and influences the index of refraction in the neighbourhood. The periods of 
vibration of the electrons wore assumed to be in the ultra-violet, and those of the 
ions or charged atoms in the infra-red. R. A. Houstoun derived a formula for m/c 
from the ^ariatiomof the absorption coeff., and found it agreed in some cases with 
values of that ratio derived from other sources. Hence, he inferred that the absorp- 
tion spectra of such soln. is jiroduced by the vibrations of interatomie electrons ; 
with aq. soln. of coffalt chloridt', and uranyl nitrate, th<; n'sults agreed bett<!r with 
the assumption that the vibrating particles have atomic, dimensions. With cobalt 
chloride in aq. soln. it is supposed that the positively charged cobalt atom vibrat<i8 

* harmonically with the n(‘gatively charged chlorine atoms under the influence of 
electrical attractions. If, h(»wever. cobalt chloride be ionized the vibration of 
the cobalt atom will cease, and the cobalt ion cannot hav«! a spectrum unless it be 
supposed that the vibrations occur inside the atom (electrons), or that the cobalt 
ion has surrounding water molecules. 

The spectra o! stars and nebolss.— The nature of ^be spectrum of an incan- 
descent body depends upon the temp, ; and sinC/C the spectra of many elements 
have been observed at several diffi-rent temp., it is possible to get a rough idea of 
the temp, of any ineandes(y*nt element from the ajipearance of its spectrum. For 
instance, the flame spectrum of sodium has two yedJow lines close together, while 
the spark spectrum has a pair of lines in the orange and in the green ; the flame 
spectrum of thallium has a single green lim*, and the spark spctnini has.ir^a^I(iition 
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rru- ;« pvniained by the assumption th^t at the 
•ome band* m tk viokt. This fa^ ^ ^^aates^f sub-atoJl, each of which 


wiuc imnua lu --- .* rrrrPi/ates of suD-atoms, eacn 01 wmcn 

higher temp., the atoms of dn ^ gpeotfa of the nebulae, stars, 

has its own rharaeterintic mode of vibration, me spe 

thus '■“We roi^h approxunatioM^^^^^^^^^ laboratories 

,n,«tars,andnebute said A MXerke term y ^ 


has its own 
and suns 

The sun, stars, anu ucuuha;, oaix* a*,. mav 
where the nature and mutual relations of the Ssfronomers tell us that 

more stringent tests than sublunary eonditions affor . ^ 

the nebula? are the material out of which stars are made, a can* be 

aggregations, and condensations, the process of evolution o of cold 

^Ll The nebulio begin either as hot attenuated gases or as « oud« ()J coM 
meteoric stones which gradually gam heat as they clash, together, un ,1^1^ 
are converted into gases, and then gradually cool by radiatiom ^ 

stars are cither young or old, heating up or cooling do;vn. The 0 s 
in their prime. In the very hottest stars with an estimated temp, ot 
e.g. fl-CrucifH^ comparatively few chemical elements can be ^tected, wniie m e 
cooler red stars -e.^. Bf^telgeuse -the number of spectral lines is comparatively 
largo, and a large number of elements are present. New elements appear to be 
introduced at each stage in tin; f ooling of hot stars, so that elements which were 
non-existent in the hotter stars niaki* their appearance in the cooler stars , and a 
few elements disappear in passing from the hot to the cooler stars. 

In the hotter stars litth; more than hydrogen can b(; detected, then follow hot 
stars with calcium, niagnesium, and a ff;w other elements superadded ; then come 
coolif stars Vitli inorf* eoiuplex spectra corresponding with a greater variety of 
elements. The ])lanets, of which our own is a type, aje among thf* cooler orbs. 

If the different suns arifl stars he arranged in a sfTies, the order of the appearance 
0! the elements in the cooling stars is approximately the order 0! their increasing 
oomplexity as deduced from the magnitude 0! their atomic weights. Tht; 
lightest elements alone appear m the hotter stars. These facts fit very w’ell into 
the hypothesis that the matter of which stars are made, passes through a^ re^^al 
change in the nature of thf* constituent f*lement«, and that there is a progressive, 
tendency of the elements to assume iimre stable form.s in])assing from the hotter to 
the cooler stars. This corresponds with the assumption that the atoms are built 
of particles which form more and nmre cf implex aggn'gates as the temp, falls. 
Carbon is an exee[>tifm. It has a hiw at. wt , and yet it appears comparatively 
late, but the non-volatilitv of the stilid element shows that tin* molecule is jirobalily 
complex. Calcium (at wt Id) appears Is'ffire sodium (at. wt. 23 ) ; this may be 
due to the fact that the stability of the system of eoqiUhcles which form an atom 
not only depends upon the number but also upon the mode of arrangf'nif'iit of the 
corpuscles. In a general way, however, the elements a])pear ly the coaling stars 
in the order f)f their increasing at. wt. The stars may thus bo arranged ifi groups 
corresponding with different stages in thf*ir develojmient. The hydrogen 
helium stars jiass by insensible gradations into stars of the solhr typf*, and finally * 
into the deep red stars. This is illustratetl by Table II, dm* to J. N. Lockyer. 


'rAm,K«Il. .STKLLAU ThMPKHATUUfc.S. 


Spectrum. Tempernture ' Appcorouce o( the elcmentA. 


Gaseous stars 
Metallic stars 


Carbon stars. 


I.A)nge«.t Highest Hydrogen, helium, a.Htonum (a gas not known 
on earth). 

Medium ' Medium ! (o) Feeble spectrum of helium and hydrogen ; 

1 magnesium ; calcium ; silicon and oxygen. 

(6) No gases of the helium fatnily ; iron; 
I manganest^ ; nickel ; copper ; etc. 
Shortest * Lowest ; Carbon and compounds of carbon. 
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ABtrQDomeis oonBider that the different stages in the evolution of sidereal 
systems cannot*t)e demonstrated by the slow cooling ^){ a sitiglr star, because the 
span of human life reUtive to the duration of cosmical events is far too short to 
enable the different Stages to bo followed in succession ; these different stages can 
rather be foUowlU b^ Vwnging the diffeirut-nebuhe in a series so as to show all 
gradations, from a diffuse luminous haze to stars with faint nebulous halos. The 
spectra of the gaseous and presumably younger noliuhe consist of three lines corre- 
8 pondij% with hydrogen, helium, and some unknown elements the great nebula 
in Orion w usually given as an example. As the nebulaj grow older and more 
compact, more lines corresponding with otht'r elements appi'ar. These sjHK’tra are 
supposed to represimt clusters of. corpuscles more stable than the rest, llonw, 
according to J. Lockyer's ' evolution hypothesis, the spectra of a properly 
arranged series of stars ai^d nebuhc indicaU> that the chemical atoms have grown 
durins; the cooling of the primal ultra-atomic gas much as visible rain drops 
. grow from invisible water vapour. Before hydrogen aj>j)carcd, a whole series of 
lighter elements were probably formed by the gradual condensation (polymeriza> 
tion, etc.) of the cooling “ fire-mist,” and tlien jiassed into the heavier and more 
complex elements as tlie temperature fell still lower. From a chemical point of 
view, therefore, the cooling of the primal matter has resulted in the formation of 
a succession of polymers (I, 2, 3, . . . )7^, where r^in the dimsity of the hy^arthetical 
protyle. The polymerization may also jiroeeed in successive stages., A (1, 2 , 
3, . . . )jC ; (i, 2, 3, . . . )ij \ (’ (1, 2, 3, . . . )3; . .f where x. y, z, . . , 

represent the densities of simjjle forms of matU'r. These eomjtlexes «uitc tojorm 
the series : 

An, . . . ; AB, BC, . . . ; ABi\ , . . 

where n* wi, . . . arc integers. The light elements - achwb am, 

etc.— which appear to be jin'sent m some of the more atteniiateii nebulio, and in 
the hotter stars, have ])rol)ably long since vanished from the I'arth. Wii infer their 
(^itftence from their cliaraeteristic sjiectra. Helium was oin*e iiieludi'd in the list 
of light stellar elements unknown on earth. 

^ There is not much room for doubt about the theory with res]>e( t to the (tooling 
of hot stars, but with nebuhe, S. Arrhenius considers that the great cold reigning 
in space has condensed all but the lighter elements into solid or iKpiid state, and 
these have gravitated to th<‘ interior. The ouk'r layer only is reiuien'd luminous 
by dust particles and corpuscleH flying into the nebula from sjuice,. 

The hyjjothesis which is su]>]) 08 cd to correlate thcsi* and other fiuits, is as follows : 
Long before the earth was formed, it is KU]>])osed that a kind of ultra-gaseous jirotyle 
was suffused throughout sjjace, and, what has hemi called tli(‘ temp, of the protyh^, 
was irnmnceivablj' hotter than anything at jiresent known on (‘artli. In course 
of time, some process, akin to cooling, rcduc(Ml the t(mip. of the protyle so that it 
was conderused int 4 > material atoms. The simplest elements most nearly allied to 
the, protyle would naturally condense first — tlius, hydrogen and helium with their 
low at, wt. were born. Tlien followed the chmients next in order of comphixity 
• u%til tinally uranium* or radium was born. We do not know an element jvith a 
greater at wt. and presumably a more coin])lex structure. If the ideas developed 
in the chaptef on the areliitecture of the atom approximate t-o tlie truth, even 
this element is not stable, and is slowly breaking down into simjiler more stable 
forms. As the temp, fell still lower, the earlier formed elemmits would unite 
among thenlselves and jiroduce chemical compounds. It is jiussible to reverse 
the process and dissociate cheiniijal c-ompounds by elevating tin; temp., but it has 
not been possible to raise the temp, high enough to verify the hypothesis by dis- 
sociating the elements. 

Kkfkbknc.'ks 

^ A. Sommerfeld, AttynUjau und tSpeklrallinen, Braunschweig, 1919 ; H. Koneri, Das Leuchten 
der Gtue und Ddmpfe, Braunschweig, 1913; N. R. Campbell, Hene/i Spectra, Cambridge, 1921 ; 
F. Exner and E. ILascbek, Du Sptktren der Khmenitf Wien, 1911 ; H. A. Kowlanth Trane^ Atner. 
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Ska. Eng., 18. 403, 1896 ; W. C. D. and C. D. Whetham, Sciefue and the Mind , 

Xirndcni, 1912; S. Brown, LetMres on the Atomic Theory, Edinburgh, 188®; J* N. Lookyw, 
Inorganic Evolution at ttudied by Spectrum Analyais, London, 1900*; G. J. * 

fl08, 1880 ; Phil. Mag., (4), 41. 291, 1871 ; G. J. Stoney and J. E. R^nolds, (4), 4^ 41, 1871 ; 
J. L. ^ret, ib., (4), 42. 464, 1871 ; Arch. Scicncet Oenhe, (2), 42. 82, 1^71 ^ J- J- Balmer, Iriea. 
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INORGANIC AND THEORETICAL CHEMISTRY 


{ 1 Elactrio Diioharges in Attenuated Gases ** 

If a firrt «te|) towards understanding the relations between aether^d ponderable matter 
It to be made, it w^ems to rne that the most hopeful foundation for it is jmowledge derived 
from experiments on electricity m high vacflum.— Lord K^LViiK, (fbU3). 

The Btudy of the phenomena attending the passage of electricity through gases 
hat led to astounding developments during the past twenty years, and abundantly 
justified Lord Kelvin’s prognostication. Under ordinary conditions, gases afe sueh 
poor conductors of eleritricity that they are classed as good insulators. In order to 
get electricity to pass through air at ordinary atm. press., an electrical press, ap- 
proaching 3fJ,(XX) volts per cm. is required ; and as the pi'ess. of the air is diminished 
the voi^e n'quired to produce a discharge dimiiiLshes in almost exactly the same 
proportion. If a glass tube, about cm. ^ long, Fig.* 4, be connected with a 

mercurial air pump, and the alumimum elei'trodes— disc and yoint- be connected 
with an ordinary induction coil and battery, either no .spark, or thin zig-zag sparks 
will pass through the tube ; all dep«*iuls on the distunee of tlu' ideetrodes apart, and 
on the eleiitric pres.s. produced by the coil. J{ the ])um|» he started, the spark 
passes more and more readily as exhaustion jiroceeds ; first, forked brush-like 
bluish sparks begin to leap from electrode to electrode ; when the jiress. reaches 



Fio. 4.- 'I’ho KfTcct of an Klectric Discharge on Altenvmtecl (iasoH. 

40 min. of mercury, a lumiuou.-r red .streamer appears ; the red line widens, formimr 
a fuzzy strip Ix'tween the electrodes : when the exhaustion is such that the i.ress” 
18 about 10 mm. u luminou.s band fills tin* whole tube, and a violet halo surrounds 
the two electrodes. At 0 mm. jireas., the hand begin.s to break up into layers- 
at 3 mm. press., the tube appears to b.‘ filled with u number of trap.sv«‘rse ftiekWiug 
reddish struv, alternately light and dark. (lla.s.s tubes of about thus dejl|ree of 
exhaustion- Geissler’s tubes-are made iii numerous patterns, and with different 
kinds of glass so as to get different lluoreseeut effe«‘ts. TubeK eontaining gases 
under reduced pre.ss. aiul arranged for tlu- passage of an electric discharge are called 
matuffi tube^. As exhumstion proceeds, the violet haloes about the electrodes grow 
larger und larger, and, as M. Faraday i noted in a dark space— Faraday^ 
oark Spaw-^appears at the negative electrode. The jirevailing colour of the pul- 
sating strife depends on the nature of the gas in the tube- with hvdrogen the colour 
18 red, and with chlorine green. The auri^ole about the cathode- called the negative 
glow separates from the flickering striie, and a dark space— Crookes’ dark space— 
appears between the negative glow and the eathodo. Fig. 4. This was observed bv 
J. Pluoker in 185^ and described by W. Crookes in 187!). The luminous strim 
r beyond Faraday’s dark space is called the positive column. The length 

of Crookes’ dark space, the negative glow, and Faraday 's dark space do not depend 
very mukedly on the length of the tube ; in long tubes the positive column occupies 
most of the tube— for example, m a tube l^KKi cm. long, the positive column mav 
occupy all but about 3 cm. As the exhaustion continues, the strise Hindniflh 
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number and site ; and they appear to be paler in colour. The light at the anode 
dwindles down ^ a luminous point, and Crookes' dalle space at the cathode soon 
expands, and finally filfs the tube. The glass then acquires a greeuish-yoUow phos- 
phorescent light if thi tube is made of soda glass. The press, is t hen al>out 0 33 mm. 
of mercury. J. •Pludk(ir* first observed the walls of the discharge tube near its 
cathode glowed with a })hosphorescent light. With further exhaustion the tube 
looks as if it were empt)', but the glass still gloWs brightly, particularly about the 
catho^t. With still further exhaustions, the current from the induction coil is 
uilablc to pass through the vacuum tube. The fact that the tuU' when highly 
evacuated* is non-conducting shows that the eleciric current must somehow he mrried 
from one electrode to the oth^r by someihiny, otherwise action at a distance is jiossible. 

J. Stark and VV. liermonn,* E. Goldstein, E. VViodeinann slid A. Tospioloff, W. MaUlnoB, 
E. Gohreko and R, SoeIiH»>r, etc , have invesiigatod tho colour and spectra of the 
negative glow with vanous ga-ses and vapours. The negative glow with hydrogen ia 
bluish-white and it ‘whows two fljxy tra and Boliner's series ; with ni/rojjfrn the colour 
IS vioIet-blue, and it sliows hand and lino spectra; with helium tho colour is grinm, and 
with argon blue, while both show line spectra ; with neon the colour is rod ; with oxygen 
tho colour is greyish or yellowish-whito, and it shows a band spectrum : with rarbon 
monoxide tlie colour is groyish-white, and there is a band spc'etruin ; with carbon dioxide, 
the colour is sky-blue ; with chlorine tho colour is green, yellowish-green with 6romtnr, 
and orange-yellow with iodine, bromine and loiliuo give a band H]UH;trum. \Vit.h eodium 
the colour i.s yellow, and it gives the />-line ; with poUuetum the colour is jjaie blue, with 
Tubiduon blue, and with fCB/oum gns'iush or greyish-white, and^all give tine spinet ra ; 
with tho vapoum of cadimurn and zinc the glow is red, and there are lino spectra ; and 
with mercury vapour, the colour is griH'ii or white, and il gives a line ilpectruai. ^ 


Rkkerk.noks. 
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§ 5. Cathode and Lenard Rays 

electron Irtw eomiuered physics, and many worship the now idol rather blindly. 

H, roiNCARK (1907). 

Whoever rejects faith in the n'aliiy of atoms and electrons, or the electro-magnetic 
nature of light waves, or the identity of ln'at and motion, cannot bt' found guilty of a 
logical o rempirical contradiction ; but be will liiid it difficult from his standpoint to advance 
physical knowledge. M, I’l.ANfK (J9J3). 

• W. A. Hittorf 1 showed that if a solid body- say a MalU'se cross made of mica 
— be placed between the anode, A, and cathod<k (.’.as in Fig. 5, a true shadow 
appears on glass when the tube is evacuat'd ; the shape of the cross shows 
that something must travel from the neighbourhood of the cathode in straight 
lines. Thig “ som(‘thing ” which caust^s the phosphorescence of gloss was called 
by E, Goldstein AaZ/iocfetwfra/i/en —cathode nj9. Hence, (1) the cath^ rays 
travel in straight lines normal to the surface of the cluhode ; and they will cast a 
teeU-d^ned shadow if a solid object be 'placed between the cathode and the wall of 
the vacuum tube. The experiment can be varied in an ingenious manner, as 
shown by W. Crookes, Fig. 6, by arranging the stream of cathode rays so 
that it strikes the upper vanes of a little paddle wheel which then rolb hori- 
aontally along a pair of parallel glass roils, away from the cathode. By 
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leven^ the electric current, the wheel stops and then revolves in the opposite 
direction owing to the fact that the direction of the cathode stream UAs been reversed. 
Hence, (2) cathode rays can exert mechanical pressure. By difecting the cathode rays 
on to different minerals, W, Crookes showed that beautiful jdiosphorescent effects 
may be obtained. Crystals of perthite, and didymium, gtass a red phos- 
phorescence ; artificial rubies, and willemite a green phosphorescence ; soheelite, 
yellow ; Iceland spar, white ; barium platinocyanide, zinc blende, etc., also glow 
and phosphoresce wlntn exposed .to the rays. Hence, (3) many minerals Jbecome 
phosphorescent wften exposed to the cathode rays. The s})ectra of pho8j)horesc^nt 



Fio. 5 . — Shadows Cast by (.'athodo Kays. Fkj. (}. — Me r hauieal Motion by Cathode Rays. 


rare garths ate of great value in studying’ these coinpound.s. E. Wiedemann and 
G. C. Schmidt found that even when no visible coloration is produced by the cathode 
rays, a body after exjiosure is often so chang4*d that when, subsequently weeks or 
even montlui afterwards, it w warmed it becomes luminous - thcrmo-lumi^jesccnce* 
■—at a temp, far below that at which it Ix'conies luminous in the normal state. 
There is sometimes, also, an after-glow which lingers for a time after the 
bombardment has ceased. E. Wiedemann and G. C, Schmidt's results are indicated 
in Table III. W. Crookes also showed that the cathode stream, when focussed 


Taulk 111 , Efskct of Cathook Kays on Various Salts. 


8ub«tano«. 


CaUiode i)ho#phor<!«cent'e. AfU'r-gluw. 


CaSO* . 

CaSOd -MnSO.) 
SrSO* . 

Sr804( -MnSO,) 
6a804 . 

BaS04(~Mn804) 
MgS04 . . 

MgS04(-~MnS04) 
Z11SO4 . 
ZnS04{--MiiS04) 
Na,804 

OdlSo^^ ~MnS04) 

0d804VMns’04) 

OaFj(-MnF,) 


Faint yellowish it'd ' None 
Intense green Strong green 

None . - 


llnglit red 
Faint dark violet 
Dark blue 
Ited 

Intense dark n d 
Bright white 
Intense red 
Bluish 

Intense hrowniMh-xellow 
Vollow 

Intense yellow 
Faint bluish 
Intense yellow 


■ Perceptible 
Faint 

Perceptible 

■ Persistent 
Persistent 

! Very persistent 
Faint 
Strong 
Persistent 
; Very persistent 
Very faint 
Persistent 


'J'hcrtno-lumitiescence. 


None 

Intense green 

l’erceptilj|Jp 

„ • 

, Very faint 
Feeble 
•Intense rod 
White 

Very strong red 
Bnght 

Bright yellow 
Bright yellow 
Inteftse yellow 
Faint 

' Intense green 


on platinum by meaiui of a* cathode ahaped like a concave mirror, may heat the 
metal white hot, glass can be melted, diamonds charred, etc. Hence, (4) the cathode 
fays raise the temperature of bodies on which they fall. Measurements of the heat 
develoj^ by the rays have been made by E. Wiedemann and co-workers, P. Ewers, 
etc. E. Goldstein found that if the cathode stream be allowed to impinge on white 
rook-a^t or IWum chloride these salts are coloured violet. The glass of the vacuum 
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tube is also colouied after long use. E. Wiedemann and G. 0. Schmidt, J. Elstcr 
and H, Qeitel,*eto., have investigated this subject, P. Yiilard found that cathode 
rays exert a reducing hction on cupric oxide. It is not always easy to distinguish 
chemical effects nroiuccd by the incidence of the rays from the secondary effects 
due to the heat procniced by the rays. Piatinuni acquires a film of platiniiin black 
after long exposure to the rays. Hence, (5) the cathode rays van produce chemical 
and physical changes. *H. von Helmholtz noted 'that a point discharge on a jet 
t>f stqfftn results in the condensation of drops of water ; F. Ricliarz found that 
condensation of steam is produced by the action of an electrical discharge. 
J. S. Townsend showed that electrified gases produce a fog when ailmitUHl into a 
vessel containing aq. vapopr ;* and C, T. R. Wilson found that if a stream of electrons 
be directed into an atm: of moist air, each electron serves as a nucleus about which 
moisture collects, and eagh electron becomes the centre of a visible drop of water. 
Hencd, (G) a stream of eheirons, when directf'd into motst air, forms a cloud. The cloud 
or mist is an aggregate of minute falling raindrops ; and it is iLssunied I hat, like a 
particle of dust in moist air an electron in moist air can serve as a nucleus for the 
condensation of the water vapour. E. GoldsUdn showed that the l athoile rays can 
be reflected when they strike a surface at various angles of imuJenoe. L. W. Austin 
and H. Starke found for the different metals of sp. gr. 1) the jierciuilagc^ amounts H 
of the incident rays which are rellccted : 



Pt 

Pb 

Ag 

ni 

Ni 

Gu 

Ft» 

Zn 

A1 

Mg 

R . 

. . 72 

C3 

69 

54 

48 

45 


40 

25 

25 

D . 

. 21-5 

11-3 

10-6 

9 0 

8-9 

8T) 

J 

7f 

7-1 

2«W 

]•? 


The proportion of cathode rays reflected is roughly jiroportional to the squarts root 
► of the ep. gr. of the metal. W. Seitz measured the jiercentage reflection wit h different 
angles of incidence of the cathode rays ; A. ili'cker, A. A. C. Swintoii, If. Starke, 
E. Wiedemann and P. Ewers. W. Cady, P. Ewers, E. Merritt, K. (lehrcke, U. E. Leit- 
Jiauser, S. Williams, etc,, have studied the rcflecti'd 
cathode rays. The diffusion of the cathode rays was in- 
vestigated by P. Lenard, J. Robinson, etc. M. E. Tretwler 
' has discussed the uses of the cathode rays, and J. J. Thom- 
son the uses of electrons. 

In 1895, J. Perrin arranged a vacuum tube so that 
the cathode stream passed into a small metal cybncler in- 
side the tube, and, by means of a wire, he connected the 
inner cylinder with an external eleetroscojie. The electro- 
scope acquired a gradually increasing negative charge, or 
a positifely chained electroscope was discharged. Hence, 

(7) the cathode rays are negatively electrified while the oitm 
• contents of the tube are positively electrified. E. Goldstein, 

W. Crookes, and*E. Wiedemann and H. Ebert studied 
the mutual deflection of two cathode streams in the 
Ificinity of one another. J. Pliicker showed (8) (he calhoile 
rays can he dejlected from their normal course by means of 
a magnet. This is illustrated by Fig. 7, for if a •magnet 
bo directed to the side of the tube through which a dis- 
charge is passing, the focus of the rays can be deflected 
on to the walls of the tube. The heat produced by the 
bombardment of the walls of the tube by the cathode stream will suffice to melt a 
little wax placed on the outside of the tube. A. K, Birlceland found that the cathode 
rays are not only deflected by a magnet^ but they arc also broken up into several 
distinct patches or groups, giving a kind of magnetic spectrum studied by 
R. J. Strutt, J. J. Thomson, etc. 

H. Hertz found that when thin films of gold lehf or aluminium are interposed in 
the track of the cathode rays, they show an appreciable phosphotejcenco on the 
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reverse side of the plate, thus indicating that the cathode rays in part trans- 
mitted through the thin in#tal. P. Lenard made a tube with a Imn aluminium 
•heet^D, Fig. 8~-carried by a brass cap, at the end oppdsite the cathode C ; a 

P. JUmard found that th^ cathode rays passed 
•through the aluminiuiu window outside the 
tube ; they were then called Lenard rays. 
The cathode or Leitard rays are absorbed 
by different metals used as windotjs— the 
absorptive power of a substance^ is almdst 
directly proportional to its density. If the 
metal window iirtop thick, the cathode stream 
is arrested. Hence, *(9) the cathode rays can 
penelriUe and pass tjirough thin sheds of mdal^ 
tml not through thick sheds. The subjcfct waa 
studied by W. Seitz. Tht loss in velocity of 
cathode rays in passing through thin metal 
plates was studied by G. E. Lnthau.si'r and T. De.scoudres. P. Lenard measured 
the absor[)tive power of different substauees for the cathode rays, and expressed 
the absorption, A, in terms of the amount absorbed by a layer of substance of 
1 sq. cm, s(!i!tion and 1 grm. in weight 

n (3 3 rmif) II (TOO mm ) \\t (d 78 mm ) Alr(7«0 miti ) SO, (7fi0 mm ) A1 .Mkii Ag Au 
A . 0(K)I4U OATIT oomio 3 42 ST)! 7JM) 72r)0 32200 06600 

. ^0 0,3(l«# ()0•H41^ OOJ'jrt 0 00123 000271 2 70 2 80 lOf) 193 

riio ratio A/D is roughly (mean). Measurements were made by A. Becker, 
W. Kaufmann, etc. 

C. I. Varley suggested that the cathode rays are composc'd of “ attenuated * 
|mrti(’les of matter, projected from the negative pole by eh'ctricity, " and in virtue 
of their negative c.harges, these particles are affected by a magnet. About eight 
years afterwards, W. ( Viaikes suggested that they were juirticles or mols. of a fourth 
stato of mattor an ultra-gaseous .state which was called radiant matter in which 
^e free paths of the mols were so long that colli.sions could be disregarded. 
W. Crookes showt'd that the so-called Crookes’ dark ftpace at very high (“.xhaustions * 
may occupy the whole'tube. and he suggest'd that the thickness of this dark space 
may be a measure of the mean length of the fn>e path of the jiarticles. “ The 
extra velocity with which the mols rebound from the excited negative pole keeps 
back the more slowly moving mols. which are advancing towards that pole. The 
conflict occurs at the boundarv of the dark space wlimi the luminous column bears 
witness of the energy of the collisions. He attribuk-d thi* lluoresceiici' of Uie walls 
of the tube to the impact of the particles on the glass W. (hook^s' idea was that 
the cathode rays are ordinary gaseous mols. carrying electric charges, and in which 
the free [latli is so long that collisions may be disregarded. K. Wiademann, E. Gold- 
stem, H. Hertz, etc., did not accept the niolecuiar torrent theory of the cathode 
rays, but regarded them as <lue to disturbances in the lether. 

Owipg to their high penetrative jmwer (Umard rays), and the fact that n« 
^fforence m the properties of electrons can be dckct^nl by changing the kind of gas 
in the evacuakd tube, or by changing the electrodes, it follows that (R)) the cathode 
rays are independent of the kind of matter presnit ; and if the particles be nuitter at all, 
the nudUr is the same in kind, from whatever source it is derived. In 1842* 

R. Phillips asked : May not electricity be an atomic compound mintis some of 
the ordinary properties of matter ? M. Faraday had [ireviously answered (1835) 

Tho atoms of matter are in aoino way endowed or associated with electrical powers to 
which they owe their most striking qualities, and amongst them their mutual chemical 

amnity. . . Tho equivalent weights of bodies are simply those quantities of them which 

contain equal quantities of electricity or have naturally equal electric powers; it being 
electricity which determines tho equivalent number beca'use it determines the combining 
force. Or, if we adopt the atomic theory or phaseology, tlien the atoms of bodies which 


metal cylinder, A, served a.s anode. 
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are equivalent to each other in their ordinarj* olicmical action, have equal quant itics of 
elecirictty naturally associated with them. Hut, i must confess T am jealoua of the term 
atom ; for although it is very easy to talk of at4)mi«, it is very diiheult to form a clear idea 
of their nature. 

W. Weber Ittriiu^ed electrical phenomena to the agency of stationary or 
moving charges which could bo pictured as distTok* and aknnic ; he said : 

The^lation of the two particles as regards their hmtion.s is determined by the ratio 
of^their masses e and e\ on the iwsumption that m c and e' are inehidod the niasst>s of the 
ponderable atoms which are attached to the eloetncal atoms. Let c hi* the |)OHitive elec- 
trical particle. Let the negative he exai'tly etpial and opposite, and tlu'refore denoted by 
— 6 (instead of e'). But let a jioiulerahli' atom U' attraeted to tlu' latter so that its mass 
is thereby so greatly increasc'd os to make the mass of the positive piirtu le vanishingly small 
in comparison. TIkv particle - c inaj then he thought of as at rest, and the particle -f f 
as in motion about the particle - c. The two unlike particles in the iKUidition descriljed 
constitute then an Amperian molecular jcurnmt. 

H. von HelinhoTtz revived the atomi.stie conception in 1881. He said : 

The same definit/O (juautity of either jiositive electneiiy moves always with eat'h uni- 
valent ion, or with every unit of Hllinity of a multivalent ion. If we accc'pt the li_\ jiotliosis 
that the elementary substances are conipo.se<l of atoms, we «-mmot avoal concluding (hat 
electricity also, jiositive as well as negative, is divided into ileliiute eleiiumtary portions, 
which behave like atoms of elcH}tricity. 

Likewise 0. J. Lodge empliasizi'd the same idmi four years later. Lonf Kelvin also 
said that Faraday's law's ncee.ssitate something utotiue iii electricity. „ K. Wiechert, 
and J. J. Tltonison suggi'sted the startling hyjiothe.sis that what W. I 'rookes called 
radiant matte r ' or the bathode rays, is a stroam of negatively charged particles or 
1 corpuscles which have been formed by the disintegration of atoms of the gas in the 
vacuum tube. The term electron was applied by (i J. istoney to designate the unit 
or atomic ehargt* of electricity. Nature, said he, jiresents us with a single deiinlto 
quantity of electricity ; for, in electrolysis, ea(‘h chmnit'al bond w'hicJi is ruptured 
within an electrolyte*, a certain qiiantitv of electricity traverses the electrolyk, 
and this quantity is the same m all ca.se8. It is now almost universally a}»j)lied k) the 
, sub-atomic particles supposed to stream from the negative electrode when a discharges 
is paasing through an atk*nuat/<‘d gas. No dilTer(*nee can lx* detected in the cor- 
puscles derived from dillt'reiit ga.se,H, and hence it is inferred t hat the electrons are 
common constituents of all gases. 

According to hyjiothesis, ilu* electric <lis< liarge in utt(*nuated gases splits the 
atoms of the gas into positively and negatively charged electrons. The cathode 
rays are a stream of negatively charged electrons sent from the cathode with a 
high velocity. It is inferred that ordinary akuns an* jirohuhly niadi* of nothing 
but Aggregates of sub-atoimc particles -jiositively and ii('gativ(*ly charged. 
J, Larmor said ; 

• 

Electricity is atomic m nature. . . . Electrons are centn^s of strain m the author. . , . 
MatU'f conaist^i of clusters of electrons in orbital niotmn round one another, 

*Under ordinary (‘onditions, the charges counkract one another and the*atom is 
electrically neutral. By th(* action of an electrral dise.hargi*, nt*gative eleclrons 
arc supposed to be d(‘taeh(*d from the atom, leaving a residue w'ith a positive charge, 
and called a positive electron or positive ion. If a negative electron attaches itself 
to a neutrpl atom, the latk r wull acjquire a negative charge. In reviewing the evi- 
dence derived from the properties of cathode rays J. J. Tliomson said : “ The 
explanation which seems to me to account for the facts in the most simple and 
straightforward way is founded on the view of the constitution of the chemical 
elements w’hich has been favourably entertained by many ehemists.” The view 
is that the atoms of the different chemical elements contain different aggregations 
of particles of the same kind ; otherwise expressed, that a part at least of all 
atoms consists of electrons. 
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the^lL^Lfin the er^lyeiB of fo^ht^gen S 

by different stonu of the same clement are not always the aa.ml. f of hydrogen ato^ 
ly positive or negative charges. The atoms of the ® 

A ipccific attraction for the different charges, so that a hydrogen ? “ , 

po^ve charge more powerfully than a negative charge, and a chlonne atom^n the 
contrary attracts a negative charge more powerfully than a positive charge. 

One C.a.8. olwtromfiguotic unit of current in 10 amp. ; one ^•9/®' 
ourrent-ixlO-' ornp. Ona ainp6ro=.*th elnctromagnetn umt=3xl0 
unite. Ona oloctromugnetio unit of quantity = 10 coulombs, • Henoc, one elwtro^tio 
unit of current »« J X 10** coulombs, or one coulomb=,V electromagnetic unit»3 X lO 
eleotroatatio units. One electromagnetic unit of resistance is 10" ohms, 
static unit is 0X10“ ohms. Hence, one ohin?=I0* eloctromagr^tic units-jXlO 
electrostatic units. One C.G.S. electromagnetic unit of pr(«8. = 10 • ^Ita, and oneelectro- 
ftatio unit of press, «300 volte. Hence, 1 volt = 10* electromagnetic imits=g^ electro- 
static unit. One electromagnetic unit of cap/uiity*»10* farads, and one electrostatic unit 
of capacity X 10““ farcwls. A microfarad = 10 • farads. 


Experiments have shown that in all probability the electric charge on an ion 
formed in the process of electroly.sis, is the same as the electric charge of an electron. 
The ionic theory of <*lectrolysis shows that atoms or groups of atoms carry electric 
charges which are inte/^al rriultipb's of the unit charge borne by an atom of hydrogen; 
The e^jictric charge tiarried by l'ii08 grm of hydrogen is 96,540 coulomb. The 
number of atoms in a gram-ion of hydrogen is 6 06 x 10^^. , Hence, the unit charge 
per atom is c--9654() f 6-06 X bP 1 57 X 10 coulombs ; but one coulomb=10“i 
electromagnetic units, or 5x10® electrostatic units; hence, the charge onta uni- 
valent ion in electrolysis may la; ex|>res8cd as r57xlO electro magnetic units or 
4*78x10 electrostatic units. In electrolysis, the ratio of the charge, e, to the mass, 
m, of the hydrogen ion, ejm, is 9(>r»4 X 103 eleciromag7uiic units per gram. The charge* 
on the electron is 4*7X10 electrostatic units, or 156 x 10 20 •electromagnetic 
units, and for gases the ratio of the charge, e, to the inu.ss, m, of the electron, ejm, is 
1*774x10'^ electro in agruiic units per gram. Hence, 9()54xli>2~-l ‘774x10^=7^1,7 
nearly, nu'aning that the mass of a hydrogen ion is 1840 times the mass of an 
electron or nf'gatively charged c.orjni.sf'le ; and therefore the mass of an electron 
il Tn'intb the mass of a hydrogeil atom — i.e. 8-9 x lo ‘-Sgrms. ; its diameter is about 
3*7x10 ^3 cms., whereas an atom of hydrogen has a moss, or about 164x10 
grms. The diameter of a molecule of hydrogen is about 2 :< lo Sems., so that com- 
pared with the atom, the electron has quite a mieroscojiic size. The electroi^ travel 
with a velocity ranging from 10^ to 10® cms. per see., or nearly 90,000 miljs per 
second. Their speed is dependent upon the intensity of the I'leetrical force passing 
through the vacuum tube. A cathode particle travelling at this speed could go 
nearly twice round the earth in a second. The idea that the electrical condition of 
matter and its ehemioal activity depend upon the addition or removal of electrons 
from atoms of molecules has been incorporated with the ionic hypothesis, and with# 
the n[^odfcrn theory of the structure of the atom. A. (iiinther-Schulze has discussed 
the condition of electrons in electrolytic ions ; H. F. Mayer, Cn Ramsaiier, 
P. Lenard, and H. Akesson, the reactions of gas molecules with free electrons. 
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§ 6. Bontgen or X-rays 

• We aboil never succeed in exhouating unmeaauroblo nature, — A. von Humboldt. 

When the exliauation of a vacuum tube is such that the tube is on the verge of 
» becoming electrically non-conducting, and the glass opposite the cathode is bril- 
liantly fluorescent, rays proceed from the fluore8C.cnt glass, outside the tube . ; these 
rays— called X-rays or Rdntgen rays— have quite different properties from the 
cathode or Lenard rays, because they will pass tlffough glass, and they are not 
deflected by a magnet. In a tyjucal X-ray tube, there are generally but not 
essentially two anodes ; one of these?, called the anlicrUhode or target, is arranged to 
collect the rays from the cathode and to reflect and focus the resulting X-rays out- 
side the fube. 4kc rays of light, the Ilontgen rays can be reflected, refracted, and 
polarized ; and they arc not appreciably affecb*d by the most powerful electric or 
magnetic fields as a stream of charged ])articl<‘8 would be. BOntgen rays are 
produced by the destruction of the cathode rays, and are tom^ when the cathode 
rays suddenly change their velocity ; and conversely, as L. Simons showed, a sub- 
sUnce bombarded by X-rays may furnish cathode or p-rays. Every substance 
\^en bombarded by electrons emits Rontgen rays - the glass walls of a vacuum 
tube, heavy njptals like platinum or uranium, etc. «W. Wolffs found that Lenafd's 
rays are accompanied by some X-rays. The X-rays travel in straight lines with a 
velocity not far from that of light. It is supposed that Ront-gen rays— like the rays 
of light, ra<iiant heat, and electromagnetic waves- are due to pulses or waves set 
up in the ®ther by the impact of electrons on matter. It is all a question of frequency 
or wave-length. Table IV gives the wave-lengths of a number of radiations, so as 
to show the relation of the X-rays to other kinds of ray. Hence the waye-leMth 
of the X-ray is about a thousand times smaller than the wave-length of sodium 
light, and is comparable with the size of the atom. 

When X-rays of sufficient penetrating power are made to impinge on a substance, 
the latter itself bec^omes a source of X-rays which are called lecondaiT X-Tijn. In 
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Tabus IV.— Wave-lengths of Some Radiations. 


; *Wave-IeDgtb In cm. 

I • 

•3xlO>to5XlO* 

I 0xlO-> 

: »xlO-*to 7*6xI0“» 
i 6xl0-» , 

I 6xl0-‘ 

4X10“» , 

4xl0-»to2xl0-» 

10-*to2xI0-* 

• 10-* to 10-» 


general, the secondary rays have very diilerent penetrating po\^rs from the exciting 
or primary X-raya. Only a small proportion of the cathode rays are effective in 
producing primary X-rays ; the general efficiency of the conversion is low, for the 
X-rays^ are but a small by-product of the energy transformations in the tube. 
A. 8. Eve and 8, H. Day estimab) that of the energy supplied to an ordinary X-ray 
tube, about (J'(K)rj per cent, is contained in the X-rays. J. J, Thomson deduced 
that the ei^ergy of an X-ray is proportional to tin* fourth power of the velocity of 
the exciting cathode^ay ; and this was confirmed by the experiments of R. Whid- 
diugton ; bi^ R. f# Beatty found that while tlu' relation may hold good for primary 
radiations, it is not valid for thi* so-called characten.HtK! radiations {vide infta)^ for 
which the energy- 0 (K)U05R'fj3‘-i/i, where A denotes the at. wt. of the anti-cathode, 
p, the velocity of the cathode rays expre.sse'd a.s a fraction of the velocity of light, 
(3x10'® cms. per wc.), and h, the en<*rgy of the parent cathode rays. * 

In his paper Veber cine neue Art von titrahkn, the disi'overer of the X-rays, 
W. C. Rontgen (I8i)5) found that they can (*x(‘,it<' fluorescence on a paper-screen 
coated with barium cyanoplatinate, BaBtCy,, or calcium tungsta^i*, CaW 04 i they 
can fog a photographic, plate ; and make th<‘ air through which they pass a conductor 
of electricity. The quantity of charge earned by the ions of conducting air is not 
always the same. The sum of the charges of a giv<‘n sign carried by all the ions is * 
often used as a measure of the (|uantity of radiation which has produced the charge 
Since the sum of the positive charges is e<|ual to the sum of the negative charges 
It 18 merely a matter of expediency whiidi sign of .diarge is used in the measurement’ 
The amount of ionization produced in a gas in a given time dejiends (i) on the in- 
verse square of the distance from the excitor (K W B dill); (II) on the dilTcrenco 
of potential applied to the tube (W. Hillers) ; (lii) on tlie penetrating ability of the 
rays (R. K. Mcriung. and (\ G. Barkla) ; (iv) on the nature of the* gas (J. A*. Crow- 
ther) ; and on the press, of the gas (W. Hillers, R. K. McClung, and 0. G Barkla) • 

^ ^’rowthei^ and J. H. Clol 
E. F. Perreau, and G. Athanaaiadis found that X-rays affect the electrical resistance 
of a selenium cell in the same manner as light rays 

pir^in uranium and otht'r compounds exhibit fluorescence when exposed fb 
the*action of X-rays. The exci^^ixi fluorescence has a long<;r wave-length than the 
exciting X-rays. When the intensity of the radiation is increased as by bringing 
w® ^ inttmaity of the fluorescence is increwed 

W. C. Rontgen did not find any simple relation between the potential difference 
applied to the tube and the amount of fluorescence, but the two variables were in 
wme oases directly proportional. In all cases, under coastant conditions, the 
intensity of the fluorescent light varied inversely as the square of the distance 
between source and object. C. Schuhkneebt, and A. Dahins obtained a visible 
fluorescence with calcium oxide from marble (reddish) ; cadmium iodide (greenish) ; 
mercurous iodide (reddish) ; barium fluoride, fluoroiodide, cyanoplatinate (yellowish- 
green), and sulphide ; lead sulphate, iodide, sulphide, chromate, carbonate, nitrate, 


lUdUtloi). 


Electromagnetic waves of wireless 'telegraphy 
Longest heat waves known . 

Infra-red spectrum , 

Red spectrum 

Green spectrum 

Violet spectrum ..... 
Ultra-violet radiations .... 
Schumann’s waves .... 
RCntgen rays ..... 
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and acetate ; and zinc sulphide (yellowish or bluish-green). The spectrum of the 
ultra-violet fluorascence was observed with fluorspar • scheelite ; zinc sulphide ; 
potassium, calcium, and barium cyanoplatinates ; ammonium uranium fluoride ; 
potassium uranium nitrate ; lead sulphide ; and zircon. The glass of X-ray tubes 
is coloured violet ^re8|maj)iy due to the separation of colloidal manganes«\ ' Fluor- 
spar is coloured an intense blue (with cathode rays the colour is violet) ; when 
strongly heated, the coloration disappears w-ith* tht'rmo-luiuinesrence. (». Holz- 
knecht lobserved colour changes were produced in sodium chloride, jiotafwium 
bremidh, etc., by exposure to X-rays ; H. Bordier and J. tlahmard, and W. B. Hardy 
and E. G. Willcock observed that iodine w'parates from soln. of iodine in chloroform 
or benzene by exposure to X-cays. . The action of X-rays on silver bromide photo- 
graphic plates has lK‘en discussed by R. Luther and W. A. UschkoiT, L. Zi'hnder, 
E. Marx, L. Cramer, etc. In general, an increase in the current sent through the 
excitini tube hastens photographic potion; while an increase in the penetrating 
power of the rays niidfes the action slower. W. C. Rdntgen and .1. 0 Heiiizo found 
that two X-rays which jiroduce e<{ual effects on a fluorescent screen, do not always 
produce the same effect on a photographic jilatc ; and R. Luther nnd W. A. llschkoff 
thought that they detected a diffcreiu'e in the action of light and of X-rays on a 
silver gclatino-bromide plate. L. Baumeister and R. Glocker fouinl tlie liberation 
of iodin(‘ from soln. of iodoform in chloroform is not proportional to (he energy of 
the incident X-rays. G. Schwartz found that X-rays ]>reci])itate caloi^iel from a 
mivture of ammonium o.xalate and mercuric chloride ; varifius chloroplatinates 
were found by H. Bordier and .1 Galimard, and G. Uolzkneclit to change colour 
when exposed to X-rays; and 11. A C'olwell and S. Russ found (hat starch is 
changed by X-rays into soluble starch and then into dextrin. A. DauvilluT attri- 
[lutes the chemical actions of the X-rays to the destruction of the negative ions; 
the slow electrons expelh'd neutralize the* neighbouring positivi* ions, and the 
electronegative and electropositive elements are thus lib(‘rated in the atomic stab*, 
or their valence is r«'diiccd vij. (hr* to (hr. Serious pathological changes are 
produced by the Igng-tontinued exposure of parts of the body to X-rays, so that an 
operator must jirotci t hims<‘l{ mo.st <\irefully. 

The X-rays have a remarkabh* power of penetrating substances opaque to 
ordinary light. The penetrating j)ower of Rbntgen radiations refers bi the decrease 
in the em'rgy of a pencil of th<' rays which occurs wh<*n the rays are allowed to 
impinge on a given solid. The equivalent transparency of a substani'e to X-rays is 
the mass in decigrams of a nglit cylinder of one s(). cm. base, which, when traversed 
by X-rays })arallel to the axis, produces the same absorption as a cylindi'r of jiaraffin 
ivax 75 mm. high and 1 sq. cm. cros-s-scction. The penetrating power of X-rays 
18 usually*characterized by measuring their absorjition in a sheet of aluminium of 
iefinite thickness. If 1, 2, 5, . . . similar sheets are successively introduced, each 
iheet absorbs the same fraction of what it receives, so that there is no scattering or 
transformation of the rays, and if /q denotes the intensity of the nornially incident 
beam ; /, that of the emergent beam ; and k, the fraction absorbed by unit ari'a 
ind unit thickness— the so-called linear absorption coeflflcient, or the specific 
then, for a plate of thickne.ss d, it follows that / Iqc *''. If k iH*lar^e, 
the ray.s are easily absorbed, and if k be small, Vm rays are very ])enetrating. 
Rontgen radiations with a low penetrative power, called mft rayn, are emitted 
from a vacuum tube which has relatively much residual air. The sujiply of 
dectrons is then plentiful ; their speed is comparatively slow ; and a current of 
Jomparativefy low electromotive force is needed. Conversely, radiations with a 
tiigh penetrative power, called hard rays, are emitted the tube l>e very highly 
jxhausted. The sujiply of electrons is then relatively small ; their speed is 
jomparatively high ; and the necessary electromotive force is high, B, Ratner 
haa discussed the hardening of X-rays tubes by prolonged use. For X-rays of 
mrage hardness, k lies between 4 and 8 cm. L and for hard rays between 2 and 
1 cm.“i. If the absorption c/)cff. k be divided by the density D of the absorkmt, 
VOL. IV. ’ • i> * 
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tbe ratio kjD ia called the maiB-uhtftrptiftn ooeiflcient ; it measures the absorption 
per unit mass for a normally incident ray of unit cross-section. This constant is 
more important because, as usually measured, the absorption is determined by 
mass alone. The sp. transparency of an element for X-rays^f a definite hardness 
is a function of the at. wt., and is greater the smaller t^e al. wlf The absorption 
of X-rays has been studied by R. A. Houstoun, F. Butavand, R. Glocker, 
L. de Broglie, K. A Wingandh, W. E. Williams and B. L. Womnop, etc. 
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' directly with the difference of potential acrofw the tube. Those primarj^ rays which 
are not absorbed by the target emerge into the Vacuum apace of the 
C. 6. Barkla and T. Ayfes. and E. A, Owen studied the distribution of the scattered 
rays. C. G. Barkla f<mnd that if the difference of potential across the tube is small, 
the primary ray ^ haw a« maximum intensity in a direction perpendicular to the 
cathode stream, and a minimum intensity parallel to that atri'am. The effect is 
called the polarization of the X-rays. As the difference of pottmtial increases, the 
polarirjition decreases and finally vanishes. It is assumed that at the higher 
potentials the rays formed by the initial retardation of the cathode stn'am are 
negligible in their effects compared with those which come out in all directions from 
the depth of complete scatb'ring. . C. G. Barkla and J. G. Dunlop found the 00 - 
oiBoient of soattenng, s-^efined in an analogous wav to the coeff. of absorption k 
—is roughly proportional to the sp gr. D, so that sjD is nearly constant ()'2. For 
elemenfiB of high at. wt., s)D increases slightly with at. wt. for hard rays and con- 
siderably so with sorft 'rays. For a homogeneous radiation the absorption coeff. 
has to be amended to s—k. When a substance is exposed to a beam of X-rays, the 
emergent rays are 8cattt*red or deviated in direction, and the substance gives off 
so-called characteristic, monochromatic, or homogeneous X-rays. At the same 
time negatively charged corpuscular rays are form(‘d. The scatten'd X-rays have 
been studied by C. G, Barkla and co-vrorkers, J. A. Crowther, W. L. Bragg and 
co-workers, J. J. Thomson, C. VV\ Hewlett. T. E. van Auren, F. Dessauer and 
F. Vierheller, J. A. Gray, K. Blondlot, H. Haga, E. Bassler, J! Herwig, L. Vegard, 
W, H. Ham, F. C. Miller, etc. The rays emitted from an ordinary bulb are usually 
heterogeneous, both hard ^ and soft, but C. G. Barkla and C. A. Sadler showed 
that radiators may be roughly divided into four groups : 

* Groui^I, including the olcrnentH hydrogen to sulphur ranged in the ord(*r of their at. wt. 
When excited by a bi'am from a soft tube the inemberH of this group give off htlle, if any, 
real secondary radiation, but rather a scattered radiation which is of the same nature as 
the exciting beam, and which is polarized in a plane (lorpondieular to the direction of the 
parent catliodu stream. If the tulie is mmle moderately hard, thiai a slight amount of 
true secondary radiation shows itself, and if the tube is very hard, a welhdetined secondary 
beam is given off having a penetrating ability much different from that of the exciting rays. 

• Group 2, chromium to zinc. 'I’his group gives off a beam eomposi'd almost entirely of 
a true homogeneous wwoudary radiation <*veii when exciti'd by rays from a soft tube, but 
this radiation has little penetrating ability. With a given excitation, the ionization 
produced by it is almost 100 lirni's that produced by an equal muss Ixdongmg to the first 
group. 

Group 3, silver to iodine. If the exciting bown is only of modi'rato penetrating ability, 
this group gives off mostly a scattered radiation, but, unlike that from the tirst group, it 
is unpolarizod, and there is a notii'cable amount of true se^eondary radiation present. The 
relative amounts of scattered and secondary radiation varj' greatly with small changes in 
the character of tho exciting rays. 

Groufi 4, tungsten to bismuth. Thesi' substances resemble group 2 in their action. 
For all the above elements the pi-netrating ability of the true secondary rays is independent 
of the intensity or of the penetrating ability of the exciting beam, but is a periodic function 
of the at. wt. of the railiating elements. 

, J. A. Crowther found that if the radiator is a eJiernical compound, the component 
atoms and radicals determine the character of the seixindary ravs produced. 
J. L. Glasson sjiowed that the rays coining from salts are compow'd oi (1) a homo- 
geneous radiation having the same! penetrating ability as that from the metal itself, 
and (2) a more penetrating simttered primary radiation due to the acid radical. 
If a metal occurs in the acid radical it has no individual effect, but merely acts 
along with the rest of the radical. , 

C. G. Barkla and C. A. Sadler showed that if the incident primary X-rays are 
less penetrating than the secondary radiations characteristic of a given radiator, 
no secondary rays are produced ; hut if the incident primary rays are more pene- 
trating than the secondary raiiiation, secondary rays are .produc<?d. The analogy 
between the development of secondary X-rays witJh the production of fluorescent 
light has been emphasized by calling the former fluorescent X-rays. .1^ was also 
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shown that if the ftoalas be great enough, every robetance ^ be ^ Jo 
emit a let of X-rays which ‘can bo regarded as homogeneous and cmiractensnc. 

The quality of these characteristic rays depends on the substaflce and not on the 
exciting X-rays, provided the exciting rays are harder tlyn characteristic 
radiation. The penetrating power of these rays increasoe.'v^th the at. wt, of the 
metal from which they are emitted ; and the characteristic radiation of an atom can 
excite the corresponding radiation 'of a lighter atom, but not that of a heavier atom. 
Under suitable conditions, many,. possibly all, elements can emit at least t^o sets 
of characteristic radiations which C. G. Barkla distinguislied as the K-rftdl&tiolhS 
and the L-radiations. The former are about 3(K) times more penetrating than the 
latter. ' . 

In adrlition to the A'- and A-homogeneous radiations, H. G. J. Moseley and C. G. Darwin, 
and W. H. Dra(^j< found that platinum and some other niytals give out a third type ; 
M. Siogbfthn ohservi'd an M-Henea with the elements of high at. wt. The mean wava-length 
of the AZ-sones is four times as great as that of the A-senes. J ^aub found that iron, 
ooppor, and zme give wiiat ho called l-serifH of radiations, which with the metals named 
have kjD^i'S W, 2.3 H, and IS 0 resjH'ctively. C. G. Darkla and M. P. White, M. Williams, 
and A. W. Hull and A[. Kice observed iliHContmuitiea in the absorption coeff. of certain 
inetals for X-rays of short wave-lenglh, and they inferred the existence of a J -series of 
radiations. W, Duane and '1'. Shimi/.u observed no such discontinuity with aluminium, 
and F. K. Kichtnieyer and co-workers obtained none with the other elements. It is there- 
fore inferred that tliere is no evidence of ./-radiations. 

The greater the a1. wt of tlii' metal emitting the K- and //-rays, the harder the 
rays., Eleimnits wrth a high at. wt. readily furnish tht‘ /.-radiation— this is the case 
with the elements ranging in the order of their at, wt. from zinc to uranium ; and 

the A’-radiations, from sodium to 
tungsten. According to IJ. Whid- 
dington, and J. ( Chapman, there is 
a relation btdween the two series, in 
that if an element of at wt. /f^ h^s 
an /.-radiation of a certain hardness, 
then the at. wt. Ak of an element 
wlio.se A’-radiation has the same. 
hardnes.s, i.s, .l(.'f/,— 48). If 

this he correct, no element with 
an at. wt less than 48 can have 
an A-radiation. Fig. lO shows the 
relation between the at. wt. of the 
metal emitting the radiation and 
tlie ma.ss ah.sorptiun coeTf. of the 
characteristic radiations in* alumi- 
nium, including .some y-radiations 
from radioactNe elements by 
K Kutherford and co-workers. 
The olwervations of J. Chadwipk 
, and A. S, Russell, J. A Gray, and 

H. Richardson are included tn the diagram. If the logarithmi of the two 
variables are plotted, two straight lines au‘ obtained. E. A. Owen found that the 
penetrability of the radiations in aluminium are roughly proportional to the fifth 
power of the at. wt. of the metal emitting the radiation. 

J. C. Chapman and co-workers, and .f. E, Glasson showed that the characteristic 
X-rays arc independent o^ temp, or of chemical (‘omhination. Ferric oxide, or 
sulphate, ferrosoferric oxide, and pota.Hsium ferroevanide, all give iron rays of the 
same quality ; tin nitrate similarly gives the tin rays ; and methyl iodide and ethyl 
bromide vajiours give characteristic iodine and bromine radiations when struck by 
hard X-rays. This .shows that the X-ray phenomenon is purely atomic. 

J^C. Chapman and S. H. Pifter tried to find if the secondary radiation persisted 
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after the primary radiation has ceased, but not jl^th of the original radiation can 
be detected * second after the exciting priiiftiry rays were rut oflf. Since 

the primary rays from* the target of an X-ray tube must })as8 through a certain 
thickness of the target before they can emerge, R. T. Beatty found as anticipated 
that such rays ^'?buld*ex(»te that 8ecx)ndary radiation which is characteristic, of the 
substance used as a target. Then* is some evidence to show tliat the cathode 
stream itself may caut** the target to give of! its characteristic radiation if the 
velocitt? of the cathode stream is large enough. .W. R. Ham has Ix'cn able, by the 
uA‘ of^ proper absorbers, to hlter out the weondarv rays coming from his tulk*, 
leaving only the primary rays. He found that the ratio of tin* secondary radiation 
to the primary was increased- by an increase in the jjot^'iitial diiTcrt'nce across the 
tube. The rays coming -from an ordinary X-ray tube arc thcn'forc heterogeneous, 
and since the potential diffcrtuice necessary to cause a discharge to }»ass through 
the tut>o varies with the condition *of tlu‘ tube this heterogeneity is constantly 
changing. X-ray i|jectra have been di.scussed by L <le Bruglu'. A. Dauvillier, 

G. Hertz, E. Gehreke and E. Laii. F. (’ Hoyt, J. E. bilienfeld, G. Zt‘eher, 

H. Bi'hnken, N. Stensson, W. Kossel, A. Sommerfeld. M. Siegbahn. A, Smekal, 
E. Hjalmar, H. Fricke, W. Duanc' and R A. I’atterson, R. Whiddiiigton, W. Duane 
and T Shimizu, W. Duane and K. F. Hu, E. Hjalmar. W. H. Bragg G. Weiitzcl, 
E. H, Kurth, J. A. Orowther, F. L. Mohler and i’. 1 ). Foot<\ D. Gosti'r, etc. 

If a correction he made for tlie scattering of the /{- or /.-.serit's of X-ravs which 
impinge on a metal, C. G. Barkla and C. A. Sa<ller showed That the ratio of the 
absorption by any two ne'tals is approximately constant and i^ not 4 <‘p«'ndent on 
the (juality of the radiation, ]>rovided that such radiation does not excite the 
characteristic radiations of either metal Thus (’. G. Barkla and V ('oilier found 


•that th<; absorption by carbon for all types of X-ray is Oil wlnui corrected for 
scattering -if not corrected, the absorption for soft ruvs is Oil, and for hard rays, 

0 il. G. W. C. Kaye studied the absoqition of X-rays of various (pialities of a 
[particular metal, and found that the absorfitioii decreases steadily as the rays are 
hardened, but t)he absorjition 

reaches a minimum for rays ^ j 

• identical in quality with the j ^ 

or /y-characteri.stic radiations; | 1 ^ i j 

and for rays a little harder than ^ i i A ^ 

these, the al)sorption increase's 5 ! 1 i / M 

ra[)idly, and becomes ])ermu- ^ foo ; ^ | j j y 

nently larger. C. G. Barkla and ^ i /I i 

V. Collier also showed that the 5. a/ i Y ' ' ■ 

absorptiefn of tlif X-rays from ^ | 

nickel Tnereases steadily with the | I 

at. wt. of the absorbing metal so ^ ^ l—J ^ i lL ^ 

1 i-u L' / I 4 ^ 0 W IB m m m 

long as the A- airtl L-charaeter- ^ wPieht^ 

istic radiations are exciO-d , Kio. 1 1 --ilelntem lK'two..n ttuwV»>Honai,.n of X-rays 
v^en the at. wt of tin* absorb- from Nickol Hn«l th<' .Atomic vVei^ht of the 

ing metal is so high that its AbHorbinj* Metal. • ^ 

A-characteris^c cea.se8 to be • 

excited, the absorption suddenly drops. The increase is repeated until the 
Irradiation ceases to be excited, as sliown in Fig. 11. E, A. Owen, and 
C. G, Barkl|i and V. Collier measured the absorjition of chnract^tiristio X-rays by 
various gases and vapours — air, carbon dioxide, sulphur dioxide, ethyl bromide, 
and raethvi iodide. 


Km. li — Relation Iw't ween the AliHorption of X-rays 
from Nickel an«l th<' .Atoime WiM^lit of tho 
Ahsorhinj' Metal. * 


The X-rays are reflected by atoms in jirojiortion tii the at wt. of the atoms 
struck. W, H. Bragg assumed the law of reflection to be nA 2tf sin a formula 
which he employed in his study of the action of X-rays on crystals- 1 . 11 , 8 
E. Hjalmar, and P. P. Ewald have studied the accuracy of the formula. The at. 
reflection in a body whose atoms are not organized into a crystalline structure 
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membJefl the scattering of light by a fog. The at. reflection from a crystal furnishes 
a diffraction spectra analogbus to that of light when a suflSciently fine atomic 
Buob as that furniBbed by the atoms of a crystal, is used as a grating. The 
Effraction of X-rays was not successfully accomplished until M. von Lane had 
shown that the di^culties arising from the extreme shortness of the wave-length 
_____ could be overcome by utilizing the regiUar 

./ r Z~1 grouping of the atoms in a crystal as a kind 

^l- i '/ 1 -hi! : ; ; ; ; of diffraction grating— ^ide 1, 11, As a 

i ' * ; ' result, J^-ray spectra, using anti-cathodes t)f 
25 " i-Jf-l-t-! : ! r ! the different elements, have beerf obtained, 

i S r ' i ! ^ ^ ‘ phenomena ^ have been employed in 

I JS Jj if' j j - * j | ► investigation* on ’the minute structure of 
i Ij’^- i ' i t’ryfltals. H. G. J. Moseley photographed the 

^ Ip t)/*! ) - ! ’ . ' I ^^‘ray spectra of dilferent elements. Mtjth the 

S3 f I flif/ ' • ii^hter elements emitting«trong /iT-radiations, 

^ I ■ if ^ ‘ ‘ ' ' I * •decreases as the at. wt. 

II I if 'v j ^ ‘ ‘ _ I diminishes ; and the spectrum contains at 

<w [Jl I i j : ' * ■ ! which the line of longer 

^ II' I f I t r . j wave-length called the a-line is the more 

^ |j I I I i II . i tense ; the ^-line comes next in order of 

sj ' intensity. H. G. J. Moseley’s results are 

0 / 2 s ^ 5 6 7 s 3 fo h jp indicated in lable V. The L-radiations, 

• X^jo-^cm Table V, give spectra made up of at least 

1'U». *2. -X-ray S(»..*trtt of Homo five lines-a, j8, y 8, c-reckoned in order 

ruoinentH. of decreasing wave-length and decreasing 

ilv a dniiMof • niw] intensity, Ihe a-line in the A'-spectrum is 

1: f other fainter lines m both Ihe A- and 


// rt 1 fnt 

4rkflr‘ ^ ' ■ 

26 jf T' t f ^ ^ ' 
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Nd 

2-. 

5-749 

5 .507 

Sa 


5-423 

5-187 

Eu 

2-' 

4 801 

4-600 

C»d 

21 

4-022 

— 

138 

1-t 

4-385 

4-168 

l^r 

1-^ 

4-170 


Ta 

1-fi 

3019 : 

: 

W 

1-4 

3-468 

3 246 

Os 

1-3 

2-676 

2-471 

Ir 

1-3 

2-567 

2-360 

Pfc 

*1-3 

2-471 

2-266 

Au 
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»». vn). ue e^nployed m place of at. numbere, the reUtionehips shown in Fk. 13 
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w JM>t nearly 8 o satislaotory. Similarly also with several other physical properties. 

% is, however, putting the blind eye to the telescope to pretend that the substitution 
'removes the anomalies in the periodic classification on the chemical side emphasised 
1, 6 , . . . That Chapter remains unaffected by the substitution. M. Duvallier 
has discussed thit sul^ect^ 

The wave-length .f mi,flensa,k,o‘ 

the X-ray is mversely s 65 4 3 . z h 5 Pf. 

proportional to (^—a) 2 , 

where is the at. 76Pt i t ^ ^ ^ 

number, &nd o is a JbOs t ‘ ^ ‘ * • 

constant; or the fre- \ ^ Ay ^ ' ' ' 

quency or e- 6 (iV-;-a)^. • ’oYb^JfJ j J \ /g | | ; j 

where a and h are con- ^ I t ywA - ; . ; ; 

stants,* Fig. 13 shows * 65h \ I j \ i j 

the results for tht^ K- 625d ^ j fjff X • ; i 

and L-radiations. No j Iff $ 1 ! i i 

known element is left un- ^ ^ 57U j /ff ^ i ^ 

provided in the scheme, ^ i ■ 

and the harmony in the | si^h j jff [ } j 1 ^ 

relationship justifies the \ff / 1 1 ' ^ 

assumption that certain W | j \/y\ 

blanks may be regarded S ff\ ' ! * i i 

as representing yet un- /; j 'i j ; 

discovered elements. In ^ ; i j I i i 

the range from hydrog<'n * J'' ; I j } f '/f j j 

, to gold there are blanks i ! : j/ : ! i j 

for thre*e new elements \ \ \ \ \ \ 

—one between molyb- pfCo \ ; ; ! i j j 

(lenum and ruthenium; .^C/ j )/y\ i * ^ 1 i 

another between Uiteciuiu ‘ ' I ! 

and tantalum; and one %Af ; j j J j j 

, between tungsten and /6 S p \^ ' - 1 ’ ! j i 

osmium. The order of t•,Al\ : ; ! i i i ' 

the a^miic numbers is ^ A--. 

that of the at. wt. except 

m the cnseH of argon, pj(, 13 . Moholcy’s KeUtion botwtion the Atooiki Number 
cobalt, and tellurium. and Frequency of K- and A-radial lone. 

H. G. J. Moseley’s work ^ , .. 1.1 

has beeufixtimded by M. Siegbahn and E. Frimau, and W. BUmstrom, and the A-senes 

has be«n followed down to sodium, and the 7 >-sene 8 down to zme and up U) uranium. 

The relation between the vibration frequency and the at. miraher has been dis- 
cussed by G. A. AbsIow and co-workers ; H. E. Ives and 0. Btuhliannn, 
and H. Precht, H. Bell, H. 8 . Allen, and W. Kossel, G. Ic Bas, U. Ledoux-Uba^ 
and A. DauvilUer, T. E. van Auren, G. A. Anslow, W. Duane, ct^. U Vegard 
inferred that since it is possible to predict some X-ray frequenciw as functions 
of the at. wt.. the atom contains plane rings of ejpetrons ; but A. 8 inekal denies 
this. The relation between the at. wt. and the at. number was discussed by 
R. G. Durrant, and W. D. Harkins and E. D. Wilson. The relation Iji'tween the 
L-series of spectra and at. wt. was developed by F. Kirchhof. 

The order of the at. numbers is the same as the order of the at. wt. except 
where the latter disagrees with the order of the chemiCal propertie.a so that the^. 
number in the periodic tabic is a more fundamental index of qualdy th^ e ® _ 

Tbe wa?e-leii«th. or tbe vibration beanenov. ol the ohanMsterietlo X- w ttm 
aiifiwfin^ dements changes from element to element by regular jumps. The steady 
decrease in the wave-length of the characteristic X-rays of a senes of elemen in 
the periodic table depends on some fundamental property of the atoms. As pointed 


Squdrf root, of froquanct/ 

Moholcy’s KeUtion between the Atomic Number 
and Fretjuoncy of K- and A-radml lone. 
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out by W. Kosael, the continuity of the i^••Iine spectra of the different elements from 
the lowest to the highest at, number, shows that the periodicity observed in the 
outer valency electrons docs not extend to the innermost electrons, As an hypo- 
thesis, it has been suggested that the increments are due to ^e successive addition 
of a unit electric charge to the nucleus of the atom ; and, that tht^ magnitude of the 
nucleus of an atom is pro[)ortional to a number — the at. number — indicating the 
place of the element in the periodic table — hydrogen has. a nucleus charge of one 
unit, helium two, etc. This shows that the wave-length of a characteristic radiation 
depends entirely on th(‘ magnitude of the nuclear charge of the atom which in turn 
depends on the at. number. J, Chadwick found that the nuclear dharge of a 
platinum atom i.s 77 4, the at. numlKjr is 78 ; while the nuclear charges of silver and 
copper atoms are 40 3 and 29*3, when the at. numbers hrp respectively 47 and 29. 
The same at. number may be borne by .several elements with different at, wt,, and 
in the case of radioactive substances, with ^different stabilities. These elements 
may be inseparahle by the ordinary chemical or physical tests,! These elements are 
the isotopes of F. Soddy ; and they presumably have in common the same nuclear 
charge. The isotopes might also be e,xi»ected to yield tlu* same X-ray spectrum. 
E. Rutherford and E. N. da C. Andrade found tlie spectrum of the soft rays from 
radium-/!, is identical with the L-radiation of lead. 
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§ 7. The Photoelectric Effect 

Arrording to the (juantuin theory of energy - I'h 15— llie inteiifotv of the 

ilisturhanco iiroduced bv the appropriate tyjie of incident light niUHt I'xceed a 
certain limiting yalue before any light ran he emitted ; it is iinj»OH.sihle for a radiat,or 
t<i emit anv energy when th*' .snpplv of energy is less than one (juantuni d. hranck 
and 0. Hertz ^ bombarded a rarefied inereiirv va]»our with cathode rays, so arranged 
that th« elei'trons had a definite and det^Tinmahle velocity dependent ujion the 
difference of ])oteutial betwi-en the ch-etrodes. So long as the difference of ])ot(‘ntial 
was le.ss than 41) volts, the i-mitted light gave an ill-defined continuous sjiectrum, 
but at 4 9 volt.H, a single bright line appeared of wave-length 2r).'H)'72A. (^deulations 
show' that at the rritical moment when the light apjiears, the energy of the negative 
ptfrticles constituting these rays is e«jual to that required by the. (|uantuin tjieory, 
namely hv, where h is M. Planek's eon.^tant (> ()2 / 10 erg. sec., and v is the vibration 
frequency, i.e *i'--39410. Wluoi the voltage reaches O’T, a hand of wave-length 
1849T), or vibration frequent y 540(9). appears; and with the voltage 10-4, other 
lines a})})ear ; but, according to J. i'. MeUuman, tin; lines 1849 <) and 25.16’72 did 
not appear. H. L. Dotlge dt'.scrihes tlie following qualitative experiment in further 
illustration of the hvpothesis that definit-e units of enefgy are retjuired to produce 
light of any specified w'ave-length : 

‘ An exhftiwtfd bulb, containing a tract- of gas, is placed near a coil traverHerl by a rwiidly 
alternating current. The bulb becomes the secondary of a transformer, and the tendency 
ia for currents to be set up m the gas. If the bulb is i)ljiccd close to tho coil it experiences 
a strong field, while if it is withdrawn a little tho field w weakened. If the bulb is more 
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than a oortam dirtanoe away, Hm lijiiht given out i« diffueed throughout 
but on the criticaf limit being paaed, a brilliant ring of light 

bulb. The ring dinappeara juat aa abruptly as the distance is ** 

either l^eedingrbright or entirely absent. The spectrum of the l^ht from s^ 
bulb also changes abraptly irith the appearance and disapjieara^ Jh ofS 

general effect is produced with different gases, but the spectmnf an^the ^je^h of the 
6dd at which the ring appears are different for each gM and 

is also found that the absorption of energy changes abruptly with the appearance of the 
ring, at which time the conductivity of the gas suddenly increases, resulting in a laiger cur- 
rent and a corresponding increase in the abeorijtion of energy. ^ ^ 


The photoelectric effect-desc-ribed 2. 18, 5— whereby a surface iUuminated by ' 
ultra-violet light becomes imsitively charged and facilitates the passage of electricity 
in such a direction as to charge the surface positivel)", is ‘explained as being due to 
the emission of electrons. P. Lenard discovered the remarkable fact that the 
maximum velocity of the emitted electron.s doe.s not depend on the intensity of the 
illumination no matter whether thi.s intensity is varied by aHcriiig the distance of 
the source of illumination, or by introducing absorbing screens. Rather does the 
velocity of the ejected electron.s depend on the vibration frequency of the incident 
light. The number of electrons lunitted per .sec, per unit area, increases with the 
intensity of the incident monochromatic light. The phenomena are discussed in 
H. 8. Allen’s Photoelectricity (London, 1918), an<l in A. L. Hughes’ Photoelectricity 
(Cambridge, 1914). Let V denote the velocity of the emitte'd electron, and m its 
mass ; let If denote the work required t(.» g<’t the electron through the surface of 
the metal, ne. the latent heat of evaporation of the electrons per electron, at absolute 
zero of temp. The energy re(juire<l for the expulsion of the electron comes from the 
incident light, and on the ba-sis of M. IMane.k's (piantiim theory, this must be equal 
to /m. The kinetic energy of the electron i.s hence , • 

Ac- 

If P denoteis th<* difference of p(»tent!al through whic h the electrons must pass^in 
order to acquire the velocity V, and /■ the eh'ctrh; c harge on an elewtron, 4774 X 
cleotrostatio units, the relation between kinetic c*ric>rgy of the' elecstron as it leaves the 
metal is equal to the product of the* charge, c, by Ihc* potential P, or Pc—lmV ''^ ; , 

h jy 

* c c 


This relation can be tested ex|»crimc;ntally. The value of If c‘an be obtained from 
thermoelectric data combined with the tcmip. variation of the rate of emission of 
electrons when the mc'tal is heated. For platinum, F. Dciningcr obtained 1F--5 03 
volts; H, A. Wilson, 539 volts, and O. \V. Rioharcison, 501 volts*— average, 
6'34 volts or 8 32 X 10 ergs. A. L. Hughe.s measured the relation between’If and v. 
The values of P and the corresponding frc'cjuencies have bec'n measured by 
0. W. Richardson and K. T. Comjiton, and otiiers R. A. Millikan measured the 
minimum positive potemtiul nc'ces-sury to bo applied to the illuminated surface in 
order to prevent the emission of electrons. 'I’lie observed value lijc is within five per 
cent, of that calculated in other ways ; and the general results confirm the quantum 
theory of radiation. The tuVe-of-force or Bother-string theory d^es not explain 
the phenomena. 

The relation between photochemical reactions and A. Einstein’s theory has been 
previously discussed— t>idc 2. 18, 6. J. Plotnikoff has shown that on calculating 
the energy absorbed by one mol, from light of various wave-lengths, the extreme 
ultra-violet, lOOju/r, gives ifp 3(K),(X>0 cals, and X-rays 3 xlO® cals., which indicates 
that with decreasing wave-length light becomes much more active, until with 
X-rays, all mols. will be simply destroyed. Further, all atoms in all reactions 
in fdi solvents must react with the same velocity at all temp., and must take up 
the same quantity of energy. A number of other photochemical reactions 
deviate 9 to 22 per cent, from Einatein’s law, and this is taken to show that 
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,}m law in its present form cannot be maintained. With the photolyaee of 
lydiogen iodide and bromide the law is in approximate agreement with fiuts 
lince the divergence varies only between “3*3 and 4 0 i>er cent. G. Konifeld 
(bowed that in the case of hydrogen dioxide, the law fails because the decom- 
position is not a pAmaiy light effect. 

The ejection of electrons from solids bombarded by X-rays may bt^ regarded 
us a kind of photochemical effect, for here the velpcity of the emitted electrons 
18 proportional to the difference of potential between the electrodes of tbo tube 
producing the rays. The harder the X-rays, the greater the velocity of the 
smitted eleefrons. Assuming that the X-rays transfer a quantum of energy from 
sn electron bombarding the anode, of the X-ray tube to the surface on which 
bhe X-ray impinges,, then, 'since Pe^^hv, and v-V^jX, when', denotes the 
velocity of light, 3x10^® cms. per sec., and A denotes the wave-length of the 
X-ray, B^~hV^jX. Witli a'voltage 4(),CKKJ, i.e. 44).()(K)-r«kK> electrostatii^ units, 
it follows, on substituting the values indicated above for //, 1'^, c, and that 

3x10 ^ cms. — a result in agreement with that obtained in other ways. 

Besides the nmnud pln^oeledric ejjed, on which the number of electrons liberated 
by light of a given intmisity and frequency depends only on the amount of light 
absorbed by the metal, theni is the sdeiltm phottnleclnc tffed, exhibited by the 
alkali metals, in which this numlier is a maximum for some particular friMpiency of 
light, and is less for frequencii's either greater or smaller. The frequency at wliich 
the maximum emission occurs is characteristic of tjic exposed ^m'tal surface, and 
decreases with decreasing at, wt, Similarly, too, with the X-rays, wit-b a certain 
definite voltage in the exciting tube, there occurs an abnormal emission of electrons 
from the surface exposed to the X-rays, and thi‘ frequency of the X-rays required 
t# produce^ this abnormal emission is nearly proportional to the at. wt. of the exposed 
metal, 0. J. Lodge discussi'd the critical velocity, critical frequency, and critical 
distance of electrons at the moment of their liberation from molecules 8timulat(*d 
by, light. 

Isaac Newton a corjmscular theory of light was abandoned in favour of the 
8Bther-wave theory. 'L'he former failed to explain inb'rferenco ])h<‘nomena ; electro- 
magnetic waves ; and phenomena associated with the velocity of light. A. Einstein's 
equation is based on a kind of corpuscular theory of light. The cejuation explains 
phenomena which do not tit the icther wave-theory so well. Nevertheless, added 
R. A. Millikan ; 

The physical throry of which A. KiiiHO'in’H equation was designed to b«' the Hymbolie 
expression, is »40 untenable that A. EmH(4*in himself no longer holds to it, and we are in the 
position of havuig built a v'cry porfoot htmeturo, and then .knocked out entirely tbo under- 
pinning witliout causing iho building to fall. It stands complete and apparently well 
tested, bqt without Uny visible mean.s of supjiort. These supports must olivioiiHly exist, 
and the most fascinating probh’in of modem physics is to find them. . . . The atomic and 
electronic worlds have revealed tliomsolves with beautiful definiteness and wonderful 
distinotness, but their relation to th<' world of sether waves is still a profound inyHtery. 

C. Ramsauer devised a test to find if the existence of energy in didinite quanta 
in^ihe form of trains of light waves, gives rise to the quantum emission of ]»bqto- 
electrons. He concluded that the quantum-like behaviour of photochemical 
processes mustJbe the result of the mechanical prowmjes of absorption of the light 
energy taking place in the atom, and is certainly not caused by single light-quanta 
present in the wave-trains of the light as definite entities. C F. Bickerdike 
discussed the relation between radiation electrons and the lether. 
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§ 8. Tho Radiation Theory of Chemical Action 

The speed of chemical reactions varies with the cone, of the rcactiifg molecules ; 
in the simple case of a imimolecular reaction commencing with a mols of material, 
the amount of substance dx which disappears in the time dt is equal to the cone, x 
at the time!, when x of a has Wen transformed. Consequently, dxjdt~—k{a — x), 
where k is the .so-called velocity constant. Otherwise expressed, x-(i{\ — ex^. This 
is the expression, in mathematical language, of L. Wilhelrny’i law that the speed of 
chemical action is proportional t<j the amount of substance taking part in the 
reaction. Why do not all molecules undergo change at one time ? What regulates 
the speed of tlm reaction in such a way that only a certain fraction of the total 
number of molecules changes in unit time ? If all the molecules were in the same 
condition, then either no c-hemical change w'ouhl take jilace at all, or else all the 
molecules would undergo transformation at the same instant. 

According to the kinetic tb<‘or}% a certain number of molecules, at any given 
instant, p^issess it much greater, and others a much smaller, velocity of translation 
than the average. J. W. Mellor * assumed that the kjnetic energy of translatory 
motion may be converted into energy of atomic vibrations ; when the latter exceeds 
a certain limiting value, the atoms take up a more stable configuration.^ The rate 
of chemical acition then depends on the rate at which the velocities of the* molecules 
arc acceleratiHl beyond the limiting value. S, Arrh<*nius rt‘pn‘sented the effect of 
temp., K., on the velocity constant A*, by d log A’/d/ AT ^ ; and he .showed that a 
risii of 10“ may cause the velocity of a reaction to be augmenU'd 2(K) to per ce*nt. 
under conditions where the collision frequency of tlu* molecuh* is only 2 per cent. 
It is therefore certain that the effect of a rise of t/omp. on thc.se reactions is not to 1^ 
explained as th(‘ effect of an accelerated speed of mole<‘ular motion, but rather as 
inducing a change in the inb'rnal energy of the molcciih’s. It has generally been 
assumed that the molecules Are activak*d in some way before thev react, and that 
this activation is the one affected by krnp. A m S. Arrhenius' equation i.s half the 
energy reiphred to change a mol of the assumed inactive modihcation to the active 
form. This leads to the effeot of catalysts. S. Arrhenius predicted that the temp, 
ooeff. shouhl be diminished in a homogeneous system bv increasing tin' <^>nc. of the 
catalyst. W. C. McC Lewis found the temp, coeff. of tin* speed of hvdtolysis of 
methyl acetate is independ(*nt of the cone, of the acid. H. S Taylor also doubted 
the existence of activated molecules. According to E. Marcelm, when the internal 
energy of a molecule n’uches or exceeds a certain critical value, the molecule is 
capable of reacting chemically. The additional energy which a molecule in the 
meair or average state must receive in order to make it reactive, can W called \he • 
critical increment. On these aasumptions, he deduced a formula resembling that of 
S. Arrhenius* d log kjdT -EjRT^, where E represents the critical energy that must 
be aWorWd by a molecule to render it active. J. Rico developed the relation 
d log Ar/dT-'^rc— where V„ is the mean value of, the potential 
energy of the molecule, js the critical value it must attain before chemical action 
can occur. R, C. Tolman has also studied the kinetica of the radiation theory of 
chemical action. N. R. Dhar argues that the general experience that reactions 
with the largest tcra|). coeff. are also most sensitive to light, fits the radiation 
hypothesis. From observations on the effect of ultra-violet light the absorption 
spectra, E. C, C. Baly assumed "that in the process of activation the bonds between 
the atoms or atomic groupings are loosened. 
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J. Perrin, and W. C. McC. Lewis have assumed that energy of the rcuiiatwn type 
is the ultimate source of all the energy which f}\akes chemiaU reactions possible : every 
chemieal reaction is produced by radiations fumng a specific ukmi-U^iglh, With re- 
actions which proceed at ordinary temp, it is assumed that short iufra-n*d radiation 
is effective, and such is* necessarily present throughout a maU^rial sysUmi in virtue 
of its temp., for the temp, of a substance is directly due to radiation which is Ixung 
continually absorbed and •emitted by the constituent- molecules. Only at absolut<' 
zero will*such radiation be absent. The effective radiation w'ith n*actions which 
prodbed only at high temp, presumably belong to the visible or ultra-violet region. 
The assurapfion that radiation is the /<)»w et origo of all reactions which occur at 
ordinary temp, is different, though similar to that involved in the so-ealhal photo- 
chemical reactions discussed in 2 . 18, 5, In ])hotochemical rt'aetions, the energy 
applied is usually largely in exce.ss of the net energy involved in the react ion, whereas 
with th(f infra-red absorjitio’n the eneiyy increment is not a largo fraction of the 
chemical energy of tha reaction. According to 0. N. Ix'wis, in each moh'cule there 
are two sets of charged particles capable of acting as oscillators, (i) the positively 
charged nuclei and (ii) the electron. On account of the relatively high mass of 
the positive })article 3 , it seems probable that they are, never, or almost never, 
capable of vibrating with a frequency sufficiently high to come within the scope 
of the visible spectrum, but they rather cause absorption in the ultra-red. On tlie 
other hand, those light and indeed almost massless particles called electrons are 
usually held lightly enough, so that their natural jieriod is well •above that of the 
visible spectrum, and they can therefore, absorb in the ultra-violet regioi^. '1 bus, in 
the great majority of chemical compounds which are colourless, the ]»ositive parta 
have too low a frequency and the negative jiarts too high a fr<*(piency to affect 
the visible spectrum. If, however, the constraints under which the eh'ctrons ato 
held are in some w’ay loo.sened, their frequency of vibration will diminish, and 
then ultimately they may become so loosely held as to absorb in the visible 


spectrum. 

W, C. McC. Lewis has developed the hypothesis that fhe rate at n'liuii a sub- 
stance decomposes or interacts depends not only on Us concentration, hut sjoiultaticously 
upon the density of that type of radiation which the substance con absorb and he 
has applied Einsttun s theory of radiation. The eritieal increment of a molecule 
is one (]uantum of absorbable radiant energy ; and A. Einsbun s law of pliotoehemical 
equivalency, then enables the effect of tc*m]). on the velo(‘itv constant to be 
calculated ; and conversely, from tb<‘ ob.served eff<‘ct of temji. on the velocity of a 
reaction it is possible to compub' a value, for the wave-length of th<! radiation which 
a substance is culpable of absorbing and by means of which the reaetum is activat'd. 
The hyjiotfiesis al.sg (*nables the lieat of the reaction t-o be calculated Me calculated 
the ener/iy increment from R. Mareelm's formula which m the hydrolvsis of methyl 
acetate at 25“ and .35“, assumes the form log A'^r.—log A: 2 r.' i'ih)- 

gives A -16,8()0 cals, per mol, or 1 03x10'^“ ergs ])cr molecule. From Emsti in’s 
law, and W. W. Coblentz’s value A 7 5/i for the infra-red radiation of methyl 
acetate, /<v~U'262xlO ergs, and thendore 4Ac should su}»ply the required 
' energy. He also show'ed from the jirobable fn'e-jiath and the elect roly iu vcjocity 
of the H‘-ion, ttiat it would have a vibration frequeiuy falling in the region of the 


known absorption. i • i 

W. C. McC. Lewis' hypothesis is m conformity with M Trautz's work and with 
that of H. Kruger, who' explained the process of 8oln.,Holn. press, solubility, and 
ionization on tlie basis of radiation ; and showed that the last is relat^'d with the 
dielectric constant of the solvent. 1'he v(*locity constant of a reaction dejumds 
on the cube of the index of refraction of the system for the wave-length of the 
absorbed radiations which cause the chemical change. Jhere, is a clow; relation 
between the refractive index and the dielectric rapacity of a medium , hence also 
there is a close relation between the dielectric; capacity of the medium in w'hich the 
reaction proceeds. The function of a catalyst, said W. C. MeC. I.s‘wis, is to absorb 
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iofiA-red radiations and transfer iiieir energy to the reacting molwnles. OatalyM 
is thus a special case of a cfhemical reaction where the abwrption is effected lai^ly 
by the catalyst instead of by the reacting substance. Reactions taking place in 
•oin. are regarded as catalytic. This, however, is doubtful. With uncatalyzed 
homogeneous bimolecular gas reactions, like 2HI~ tire agreement with 

l^ory is satisfactory, for in that case the index of refraction is nearly unity in 
oonlormity with Einstein’s la'j?. In heterogeneous catalytic reaction, the ener^ 
increment is lowered at the contact surface, as indicated in I. Langmuir’s hjyothesis 
of the distribution of the molecules and atoms at the interface between two surfAjes. 
In the case of unimolecular reactions, like the dissociation of phosphin^, the agree- 
ment with theory is very poor, for the observed velocity constant is 10^ times greater 
than that calculated from Einstein’s law on the assumption that absorption is con- 
tinuous or discontinuous. S. Dushman and E. K. Rideal found an equation of the 
type to give good results wjth phosphine; here N is theviumber 

of molecules reacting per second ; 1 / is the vibration frequency ; and the other 
symbols have their usual signification. W. E. Garner believes the agreement 
rather due to chance than t<j compatibility of hypothesis. 

E. C. C. Baly developed a theory of spectroscopic and fluorescent phenomena 
on the assumption that a molecule may absorb radiation by quanta of a given 
frequency, and as a result of chemical action it may radiate a larger number of 
quanta of lower frccjuoncy. He explained the thermal decomposition of phosphine, 
the photochemical*decompoHition of hydrogen peroxide, and the hydrolysis of 
acetone wl^^re cluiiriical action is in <‘xce8s of that ealeulutod from Einstein’s theory, 
by assuming that this internal radiation i.s re-absorbed, re.nulting in further chemical 
action. W. T. David showed that there is an infra-red radiation, A--2’8fi and 4’4/x, 
during tlie ex[ilosiv(» combination of oxygen with coal gus or hydrogen, |'hc temp, 
of the reaction i.s 12(X>", but it is assumed that the radiation is due to rheinical 
action, and is not a temp, effect, 

F. Daniels and E H, Johnstou’.s work on the thermal aiul actinic, decoinpositipn 
of gaseous nitrogen pentoxide which is unimolecular at room temp, showed that 
the critical increment is 24, 7(H) cals , and it follow.s lhat the reaction should be 
catalyzed by light of wave-length A -IKift. This is not confirmed by observation. 
The reaction is accelerated by light of wave-length A hH)- KJO/x/i, but only in the 
presence of nitrogen peroxide. It is suggested that th<‘ < alHlytic eff(‘ct of nitrogen 
peroxide is due to its absorption of blue, light over a wide spectral range, and 
through fluorCvScence, radiation is emitted in the infra-red region, where its absorp- 
tion lines coincide' with those of nitrogen ]M*nloxide, e.iusmg the decomposition of 
the latter. This hypotlc'sis lows not checked by observation. 

If radiations of specific wave-length are alone effective in i^odin in/J ehi'inical 
reactions, it is a waste, of eni'rgy to invoke the entire spectrum of radiation^ to pro- 
duce a reuetiou dependent on temp. One fraction of the radiations may j)roduce 
the desired reaction, and other fraction may produce a reverse n'action and so 
cancel the i'ffeet of the first. It therefore follows, as V. Weiss lias shown, that 
instead of this crude method of activating chemical reactions, the' more eleg^t 
and efficient procedun^ will involve a selection of the specific radiations required to 
prodinre the given effect. • ^ 

I. Langmuir concluded that the radiation theory of chemical action is invalid 
because (i) it has not satisfactorily demonstrated that the radiation emitted by a 
obemical reaction, as calculated from the temp, coeff., falls in the absQTjition region 
of the system, for, in the case of hydrogen and certain colourless gases, there are no 
absorption bands at the frequencies predicted by the hypothesis ; and (ii), as 
M. Polanyi has shown, the hyjmthesis is untenable because the total radiation is 
not nearly sufficient to account for chemical activation. The energy required for 
the unimolecular decomposition of phosphine is much greater than that calculated 
by the radiation laws as being supplied through the walls of the containing vessel 
at the calculated frequency. The laws which govern the temp, coeff. of a reaction 
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and the emission of monochromatic radiation similar becaufk^ they are both 
expressions of probabilities. A unimolecular reaction is indej>eiulent of molecular 
oollision because the time between collision is very great compar<‘d with the time of 
activity. The energy of activation cannot come from molecular collision, or from 
radiant energy enJitted b); the walls, but it must come from the latent internal 
energy of the molecule. Hence, said I . Langmuir, the internal energy of the molecule 
is the ultimate source of its activation. F. A. Lindomann also claimed that, accord- 
ing to tlw radiation theory, many reactions should be photosensitive which foil to 
exlilbit £he effect — for example, the inversion of sucrost' is not aflecU'd by sunlight. 
W. 0. McC. ‘Lewis argued that the null effect of sunlight is duo to the screening 
effect of a layer of the soln. T. W.. J. Taylor tested the hyj)otlu’8is with soln. of 
sucrose where the sc^vnii^g* effect was eliminated and obtained a negative result. 
The objections liavc been discu.ssed by W. C. McC. liowis and A. McKeown. 
M. Pola/iyi tried to show that the qinyitum hypothesis is invalid when applied to 
chemical processes. • 
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§ 9. Positive or Canal Rays 

The corpuscular theory^ of the positive rays has no other justification than that it explains 
our preaent-day ^owledge of the phenomenon in the Hiin||lest possible way. E. GRiiHciK. 

When a perforated cathode is enijiloyed in the vacuum tube for producing 
cathode rays, E. Goldstein i first noticed that streams of violet light passed through 
the perforations or (‘anals and emerged Ixdiind the cathode on tbe side remote from 
the anode, and hence he called thewi streams KanaklrMn ((ianal rays). In the 
apparatus illustrakd in Fig. 14, the canal rays travelling towards the right strike 
against a plate h connected with an electroscope B, and there show a jiositive charge ; 
the cathode rays travelling towards the left impinge on the plate a connected with 
an electroscope A, and there show a n(>gative change. The canal rays have been' 
investigated by methods similar to those employed for the cathode rays. W. Wien, 
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P, Ew«r9, and P. Villard have shown that the canal rays are streams of particles 
the majority of which are ‘positively electrified— hence, the term positive rays is 
replacing the older term canal rays. The streaming particles travel in straight lines 
and produce a phosphorescence (uffually violet) when they impime upon glass, etc. 

M Wranelt showed that 
CtMijktyt * the positive rays of 

oxygen oxidize copper, 
hut G. C. Schmidt found 
that the oxid&tioi! is 
not directl}* due to the • 
impact of the rays, but 
is an indirect effect due 
to the production of 
active oxygen*, as the 

gM ; positive rays m hydro^on gas t-xi-rt a rcdiicinj; action. P Waran discussrf 

by “Tori' 

negative electrons , and they are not so sensitive to macnt'tic influfnt'ny Af 

manta similar to ti.osc cninloyod (or the r« Ul ’ ^ 1 , 

charged particles must ho of the atomic dimoii.sion.s, aiid in 'no rase is "thrmasrdf 

E Oehroka and 0. K..K.h..nhoin,, 'iSuZm 

a/m-=Mr,x,„a. p .. Hxlt.r ..n.r per iro ’rv-rr 

for Strontium, ^ -l ixlO^ cns. per sec., and e/nr-o’ ‘>1 y nT p! i 
hydrogen, c/m:---l)-5xl()3. Hence, the ratio -IXK). h or electrolytic 


Fio. 14. ~Tub« for (.’anal or Positive j-ays. 
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showing that the nuis.s(-s of the positive ions are ruvirk f 

J. J. Thomson, W. Hammer, Hdc., have Hlsr-vuTtcd I’ ‘ 

Remembering that, so far as we can kdl, all .«lectron- an* tl.e s um' a! T 

1840 times less than that of the hvdrouen atom wlnh tl ■ find have a mass 

chargcnl particles depends upon thd naltre of the pas. ^liisr^Undh ti, 
that of till' atom from whieh it is derived it is iiriduihli' that whon o m ' 

one or moie negatively electrified particl* ' Si Je 
atom, Md the cortewnding positively charged nucleus remaii “ 

E. Goldstein said that tin* spectrum of the positive ravs w tL, 
spectrum of the gas in the discharge tube. J Stark found thaf f h ^ 

the positive rays in hydro, en are^isplacod tot:! tL"tmi: td 
arc observed moving towards the s|K>etroseoiK,- ; and towards the r d , n, rJ 
ra^ are nmeding from the spejtro.soope. .f.'smrk! W Herman, and 7 k "J ^ ' 
obtained similar results with nitrogen and inereiirv : J .Stark and* K Si . T* ‘7i.’ 
sodium and potassium vapours ; K. Siegl, F I'aseheii and I St i.l ,7*’ ’ 

J. Stark, with aliiuiiiiiu../; S. Kiiiosliita'witb ThT', iflL!*: d’^te^h 
helium; and h. Doru, with argon. H, Wihsar J Stork and W II 
G. S. Kiileher stuified the miectra of the positive rays The siiectra obtain T’ 
the positive rays strike alkali salto show the charaeteristio liis of the n,etel"and 
these lines are more readily excited in the salts than in the metals theml? ’ m?” 

The*i 'irh''7h‘'^l1'7 J- sirk and G Wench 

The results by the latter are indicatod in Table VJ. and the last column show^the 

entioal energy which is required to develop the spectrum of the moto" 
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Table VI.—Thk Efebct or Positive Rays on Different Coufounos. 


Sdt., ^ 

• 

[ Colour. 

Wavc-loagth x. 

CiiUrsl energy 
In volts. 

Lithium chloride 

! red 

. 

600 

Lithium Sxido 

red 

6710 

6tKl 

SodfUin cnlorido 

yellow 

— 

760 

Potassium clikirido and oxide 

— 

580 

.24(H1 

Rubidium suboxidc . 

— 

672 

.360t) 

Capsmin chloride 

j . 

666 

-.4600 

Afagnesium chloride . . . • 


518 

1200 

Calcium tluonde 

! reddish-violet 

— 

1160 

Calcium carbonate . 


— 

1600 

Calcium kulphatc 

1 •*’ 

-- 

160U 

Calcium oxide * . 



1400 

Strontium chloride . 

[ — 

406 

• 2600 

Barium chloride 

' 

664- 403 

• 2600 

Thallium sulphate 

! 

636 

4600 

Zinc oxide 

1 — 

476 

- 4600 

AJuinmium oxide 


306 

4600 


If a luijcture of dilleri'iit kiiuls of oUrtnlied partu loH fravollinf at a hi|^h velocity 
in one thin stream be passed simultaneously tlirou^li elee.trie ailtl nui)^i('tie fields 
disposed at right angles to .one another, the ditlereiit kinds of jiartu les are sorted 
into a number of smaller separate, streams. Tlie various streams can la* demon- 
strated by, causing them to imjtinge upon a fluori'seent s('r«*en of, say, willenute, or 
on suitable photographic plates. 

An idea of tlu; ap|)aratuH einplojod eau lu* ohtuineii from ^'l^r 15. .-J ri’jiowntM Iht* 

disdhargo tube, about 30 cins. in iluunefcr, eonlaiiiin); tln^ yo-s under a low pieKs. 'I'ho 
anodo is ploctHl in a side tulic, and the (‘atliode (' is pia«*e(l in iIh' ju'ck of tin* Hawk 'I’lie 
cathode is an alurniniuin rod pien'ed with a narrow eojiper tube about H ciiih lon^, and lens 
than rin. in diaiueter. 'J'o protect the tube from stray maj^netie fieUts wliieli nnybt eauao 
the particle.s to inipnij/e on the walls of 



magnetic field ; e denotos tho charge on each particle, and v tlicir velocity. Thest* forces 
cause the particle which stnkca the photographic plate to be deflected through a distance 
k Helmv in the caao of the magnetic field, an<l k^Xvimv* in the case of Iho electric field 
m denotes the mass of the particle, and it, and k, arc constants de|H*ndent on the dimensions 
of the apparatus. The fields are so disposed that the twd dcfiections are at right angles to 
one another. 0, Fig. 16, repreeents the position on the plate when the undoflected ray will 
VOL. IV. * ^ * 
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.iriko; 0.t or ^pcctivCy 

fleotiooa which deflect the particle to some point, say F. men 

»i, ; Magnetic deflection -= FJ == y = 


Electric deflection f*/i“ 
HO that 



Fio. Ifl. 


i~\k,x) X . \k,Xjt 


If I lie Htrengtlw of tlie two fields are kept constat, Jhe Quan- 
tities in brackets are also constant, and yjx 
velocity, and y*lx, the ratio of the mass to theMhai^e If all 
the particles were identical and had the s^o velocity^ the 
HiKit O would bo shiftoii to but the velocities of the particle 
are not all the same ; and the rav^ are therefore dra^ out into 
a line or band OPQ ; and all the particles for which w/e is 
c.jiwtant will he on the same parabolic curve y — ate . If the 
riartioles have different at masses, th^ will be sorted out into 
a senes of parabolas OQ„ OQ,, . . . Since the velocity yjx 
cannot excoHid a certain lunitinc value, these curves ^11 stop 
short at some definite distance from the 0 Y axis. The cu^w 
can Im) measured and y/x and evaluated. If the “®ld w 
revorsed during the exi^osurts the di'fiections are reversed, and 
Myiniuotncal parabolic curves 0Q\, OQ'i, ... are produced m 
tiie XOY' Quadrant. 


J. J. Thoin.HoiU‘all.s the scries of small .Htreajns obtained from the original stream, 
the eleotrio spectrum of the atoms, for the stream of electrified atoms is separated 
by this treatment into sub-streams - much as a beam of light from an illuminating 
gas is analyzed into ditlerent rays by ])assmg through the prism of a spectroscope. 
From the displatMunent of the path of the stream of electrified particles under the 
influence of electric and magneth* forces of known intensity, J. J. Tlfomson has 
developed what he calls pOSitive-ray analysis ; this furnishes evidence on such 
subjects as : 

Are the (Uovim of an elenierU all alike ? — The particles m any^one stream are J)re- 
suinably all of tbi* same kind because the parabolic curves are sliarply divided, and 
show no tendency to merge one into another. If it were otherwise the curves woujd 
be “ fuzzy.” Ordinary chemical analysis cannot decide whether particles of one 
kind of substance have all the same mas.s, beeause it can deal only with the average 
masses of billions of particles. J. J. Thomson found unknown lines indicating that 
the gas which has been called neon is probably a mixture of two different gases of 
at. wt. 21) and 22 but with a preponderating amount of the former. F. W. Aston, 
and A. U. Dempster have followed up J. J. Thomson’s jiositive ray method of 
analysis, and found that many elements can be re.solved into two or iiiore isotopic 
forms, which have so nearly the same at wt , and so similar properties-that they 
cannot be separated by known processes. 


Hydrogen, helium, nitrogen, oxygen, carbon, sodium, arsenic, pJtosphorus, and fluorine do 
not »how any isotopio forms ; honm (10 and 1 1), lithium (U and 7), potassium (39 and 41), 
cc&sium (85 and 87), neon (20 and 22), argon (38 and 40), suljihtir (32 and ?), chlorine (35 and 
37), and bromine (79 and 81) have two isotopic forms with tho respective at. wt. indicted, 
in bracket* ; magnesium (24, 25, and 26) ; and silicon (28, 29, and possibly 30) have three 
iflotopio fonns ; krinAon has six'iaotopic fonns with at. wt. 78, 80, 82, 83,*84, and 86 ; while 
xmon and mercury have many isotopt**, but tho at. wt. of the different forms have not been 
detennined. 'J'ho subject of isotopes has been coasulered by J. J. Thomson, F. A. Linde- 
mann, F. Soddy, F. W. Aston, and T. R. Merton, 'rhero is also F. W. Aston’s review, 
Isotopes (London, 1922). Tho isotoiies in tho radium uranium family are considered later. 


ilfowks and tnolwuU's ^'■Uh muUiple charges.- ~Ai\y given gas furnishes a number 
of different curves showing the presence of positive ions with multiple charges. 
Thus, with oxygen, in addition to (1) ordinary neutral molecules, O 2 ; and (2) neutral 
atoms, 0 ; effects were obtained corresponding with streams (3) of atoms with one 
positive charge, O’ ; (4) of atoms with two positive chaises, O ’ ; (5) of atoms with 
one negative charge, 0' ; (6) of molecules with one positive charge, O g ; (7) ozone 
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with one positive charge, Oj ; and (8) molecules Og with a positive charge, 0'|. 
With hyA^eu, evidence of entities H, H2, H% aiul H o was obtained. 
T. R. Wilkins estimated t-hat in air, out of 3fi0 positive ions in air, only 3 jht cent, 
were doubly charg^; with helium, 10 per cent, were doubly charged ; and with 
hydrogen, 6‘6 per cent.* , • 

IrUmnediate stages of cAemicoi action. — The photographic plat(> registers the rays 
within a millionth of a s^nd after their formation^ so that if a cluMjiical reaction 
were taking place in the tube, it is possible that, the method would disclose the 
erWfcenoe of transient intermediate compounds as well as the final products of the 
reaction. For example, with meiha)w, OH4, five lines occur corresponding with 
particles having masses 12, IJ, 14, 15, and 16. These must correspond with particles 
having the composition, 0, CH. CIL, GH^, and CH4. Phosgene, COGI2, lurnishes 
lines corresponding with particles having masses 99, 28, and 35 5, hence the decom- 
position*procceds by a separation of chlorine atoms from carbon monoxide without 
rupture of the carbon and oxygen atoms. No signs of a molecule NO3 wi n* observed 
during the oxidation of nitric oxide, NO, by oxygen. 

Atotnic weights. — The parabolic tracks recorded on the photographic plates 
enable the at. wt, of a gaseous substance to be determined within one per cent, of 
its true value without requiring more than 0‘(XXK)1 gnu. of the substance. The 
result, moreover, is not dependent upon the purity of the material, for impurities 
merely produce additional lines in the positive ray spectrum, and do not affect the 
curves produced by the substance under examination. The ijases evolved from 
platinum by cathodic bombardment contained H‘, H2’, 0',*Ne‘, i\£, and an 

unrecognized element. . 

Neio elements.— li a sjiectroscopist observed an unknown line in the spectrum 
of a discharge tube, ho w’ould infiT the exisUmc.e of an unknown substanee provided 
the line were not produced by some aIt<‘ration in the condition of the discharge ; 
similarly, if a new curve be obtained in the positive ray spectrum, the probable 
existence of a new element would be inferred. Thus, atm. nitrogen gives a curve 
corresponding with a substance having an at. wt. 40 times that of a hyilrogen atom, 
and is not indicated on the plak when chemically prepared nitrogen is employed. 
The positive ray method, too, is far more delicate than spectrum analysis, for it 
enables a foreign gas to det(‘ck‘d in quantities too minute to bi; revealed by the 
spectroscope. 

AUotrapic hydrofjen. — J. J. Thomson finds that a gas with at. wt. 3 is given 
off by most solids wlicii bombardiMj by the cathode rays. It is interesting to re- 
member that D. I. Mendeleeff (1871) predicted a new element of the halogen group 
with an at. wt, 3, but J. J. Thomson thinks that the gas in question is u iriatoinic 
molecule dl hydrog<‘n, H3, mainly because (1) deliquescent salts or salts (jontaiuing 
combined hyAogen - e.g. KOII, (JaCig, LiOH- give continuous yields of the gas, 
while the supply with salts wliich do not contain c-ombiiied hydrogen -e.7. Lil, 
Li2C08, KCl — is soon exhausted (2) Attempts to obtain spectroscope evidence of 
the new gas gave bright hydrogen lines with traces of mercury -derived from the 
apparatus used in manipulating the gas, (3) Vigorous sjiarking in the prewmee of 
oxygen, or contact with glowing copper oxide (or even exposure to bright ^igl^t) 
destroys the Assuming the gas is really H3, it if more stable than ozoik^, more 
stable indeed than any known allotropic form of an element. If hydrogen is univa- 
lent, it is difficult to reconcile its existence with the ordinary views about valency. 
J. J. Thomson explains it by assuming that the hydrogen atom with its positive 
nucleus and negative corpuscles exerts a force aualogojis with that exerted by a 
magnet ; and a group of three atoms can arrange themselves about their axes to 
form a closed stable ring. 

KEPURKNOliS, 

» F. W. Anton, PhU. Mag., (6), 88. 707, 1919 ; (6), 39. 449, /Jl 1, 1920 ; («), 40. 028. 1920 ; (6), 42 
140, 1921 ; (6), 48. 614, 1922 ; Proc. Roy. 8 oc„ 99. A, 96, 1921 ; Proc. Cambridge Phil 80 c., 19. 317, 
1920 J Sngg., Ill 208, 1921 ; Settnu Prog., 18. 212, 1920; Joum. Chem, 80 c., l*9..077,492l ; 
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CHAPTER XXVI 

RADIUM A!^D RADIOACTIVITY 

§ 1. Becquerel Rays 

The secret of hII \vlu%niake diseovenes is to look upon nothing as iinpossilde. J, von 
Likbig. 

About the time W. ('. Rontgen i discovered the peculiar X-rays, radiating from 
phosphorescing Crookes' tubes, H. Ik'cquertd repeated some expt'niiieiits of A. Niepco 
de St. VieU^r in order to tind “ if the projierty of emitting very penetrative rays is 
intiniatt'ly connected with jdio.sphorescence.” In other word.s, does the principle 
of reversibility apply <' If Kbntgeirs rays make a fluorescent substance shine in 
the dark, will a fluore.s< ing substance emit invisible penetrative rays ? C. Henry, 
G. H. Ni(‘wengIowsky, and H. B(‘c<juerel found that insolated ?*alciuia sulphide 
can, in the dark, .send out mys which jm.s.s through black jiajier, and fog a jihoto- 
graphic plate ; L. Troost. and W. Arnold made a similar observation with respect 
to zinc blende. H Ih'cqufrel jilaced fragments of several umiiiferous ])ho.sphor('8cent 
substances on photogra|>hic plaU's wrajiped in two sheets of black ]»aper In about 
2t hours, when the plates w'ere develojied, a silhouette of the phosjihorescent sub- 
stance app(‘ared on tin- plate. Hence, it wa.s inferred that “ (he p/mphorem'nt sdltn of 
uranium mud emit huhatums irhieh are capable <f passtiuj Ihrough black paper opaque 
to ordinary Uyht, and of red unmj the silver salts of the photoyraphic plate, I'ven when 
the uranium conijiound has been completely sheltered from the light." Thi'se 
conclusions were confirmed by J Kl.ster and Jl. (Jeitel, P, Spies, A. Miethe, 
G. C. Sc-hmidt, and M. S, (hine, The radiations cmitb'd by the phosphon'sc.ent 
.substance* are called Becquerel rays, though A Niepce de St. Victor, thirty years 
pn*viously, notu-ed that uranium salts could alfect photographic plates in the dark, 
and G. le Bon called the radiations /i/ /mere mure, or black light. At first , H. B<‘C(juerel 
thought tli|ft the.se radiations wen* lumihe emmayasimk — stored-up light a kind 
of invisible phospht/re.sm'nce ; and he inferred that the radiations were identical 
■with light rays in that they could be refracted, reflected, and polarized. The alleged 
facts were afterw*ards shown to be wrong, and the inference fallacious. 

A substance wdiich po.sse.sses the projierty of emitting these jtenelralive rays is 
said to be radioactiv/*, and the jiroperty itself is called radioactivity. All sub- 
staftces containing uranium are radioactive. The energy is not stircd like light 
in a phosphorescent substance, because the property is no different whethc-r * 1118 ( 4 - 
lated or non-in.‘^lated uranium be u.sed ; the cnerg}^doeH not come from tin* air, 
bccauae it is not affected by confining the uranium in a vacuum. It is therefore 
probable that the uranium is slowly undergoing some spontaneous (diangc as an 
effect of its internal energy. Radioactivity does not depend U]>on light or heat ; 
the emission of the rays apjiears to b* a j/erinanent and alnding jiroju rty of uranium 
and its compounds ; and it is independent of temp, and of all known physical 
conditions. No sign of a diminution or increase of the property has been detected 
whether the substance be heated towards or c.ool<*d towMirds —200'’. 

A. Piccard and G Volkart showed that with a magnetic field of 83, (KX) gauss, no 
variation of the order 1 jier 1000 could be detec*ted. The same w*eightof uranium, 
no matter how combined, cjiiits the same amount of radiation. The , chemical 
^ 63 
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jfnyertiet of the demenu — excepting perhaps the helium family—can he modiji^ 
(mi controlled by changes in the chemical and physical conditions ; hut radwactivUy 
it independent of these conditions. Consequently, the aMumption is made that 
ladioactiTity js an intra-atomic property, and is not th§ saipe type of pheno- 
menon as an ordinary chemical reaction. If chemist^ be confined to the study 
of phenomena with the atom as unit, radioactivity regarded as an infra-atomic 
phenomenon, is a kind of meta-chemistry. 

G. C. Schmidt found that thorium is radioactive in the same sense thatjiramum 

is radioactive, and these two elements have the highest at. wt. — Th, ^32 ; U, 238. 
The radioactivity of thorium is readily shown by flattening an ordinary new gas 
mantle on the sensitive side of a photographic plate„ and leaving all in darkness 
for about a week. When the plate is developed in the usual way, a photograph 
of the flattened mantle will be produced. The mantle contains sufficient thorium, 
as oxide, to demonstrate the effect. • 

H. Becquerel also found that when uranium is brought iftar to a charged gold- 
leaf electroscope, the gold-leaf gradually collapjMis. The rate at which an electro- 
scope is discharged is a measure of the efficiency of the sjiecimen in emitting rays. 
The charged electroscope, indeed, is more .sensitive than the photographic plate 
for detecting Becquerel rays. Air which luus been in contact with uranium and 
its compounds, like air which has been exjio.sed to Rontgen rays, will discharge an 
electroscope, for exposure to these railiations makes air a conductor. It will be 
shown later that Bocquerel’s rays are eoin])lex, for they include the so-called a-rays 
analogous with ihe canal rays ; jS-rays analogous with the cathode rays ; and 
y-rays analogous with X-rays. 8. Meyer and K. Przidiram studied the coloration 
and luminescence of kunzite, glass, (piartz, etc., bv Beequerel's rays. 

As indicated in connection with the union of hydrogen and chlorine, J, J. Thom- 
son * failed to detect any sign of ionization during this reaction; G. Kiimmell 
reported evidence to the contrary, but M. le Blanc and M, Vollmer confirmed 
J. J, Thomson’s observation. L. Bloch con-siders that it is doubtful if any ioniza- 
tion occurs during the reaction between ammonia and hydrogen chloride ; and 
none was observed in the oxidation of nitrogen peroxide, of sulphur dio^cide, and 
of sulphur ; or in the union of hydrogen with .sulphur. A. Pinkus and M. do 
Schulthess observed ionization during the reaef ion of nitric oxide with oxygen or 
with chlorine ; the action of ozone on nitric oxide or nitrogen ])(Toxide ; and in the 
decomposition of ozone. The failure of M. Trautz and F. G. Hcnglein to detect 
ionization is attributed to unfavourable conditionH of measurement. M. de Broglie 
and L. Brizard concluded that chemical action produce.s ionization only when 
aooorapanied by a pliysical reaction such as tha. passage of a gas through liquid /x, 
breaking of a crystalline surface, luminescence, ^c. They state thattljere is no 
ionization in the case of reactions of the followiik classes : (1) Between gases in 
the cold ; (2) double decomposition in liquids ; (3)«fv decomposition of amor{)hou8 
sul^nces at slightly elevated temp. ; (4) rupture of |n inactive surface by bubbling, 
while there is ionization in the following cases : Gases prepared by wet way; 

(2) vigorous reactions by projection into water; (^^dry actions accompanieik by 
the decrepitation of crystals ; (4) oxidation of sod||iu by moist oxygen- — feeble 
ionization; (6) reactions with incandescence, suchij^s flames, o» combustion of 
metals in oxygen or chlorine ; (6) reactions with lumiicence, such as the oxidation 
of phosphorus and of quinine sulphate. | 

In 1782, A. L. Lavoisier and P. S. de Laplace 3 nlted that when a cylinder of 
coal is burning, the cylinder is negatively electrified, the ambient gas becomes 
positively electrified. C. S. M. Pouillet made a sinulir observation with respect 
to burning carbon, and burning hydrogen. A. L. Lavoisier and P. S. de Laplace 
also noted that the hydrogen liberated by the actioik of sulphuric acid on iron is 
jMsitively electrified. The phenomenon has been in^.stigated by J, Enright, and 
J. S. Townsend. There are several other strictly <4ieinical reactions — hydration 
of quinine or cinchonine sulphate ; * action of sodiui^. amalgam or calcium carbide 
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on water ; ^ oxidation of phosphorus ; * the formation of oxygen by the aetion of 
manganese dioxide on hydrogen peroxide ; ^ the formafton of orone ; the action 
of water vapour, chlorini, the hydrogen halides, and carbonyl chloride on allays 
or amalgams of th| alkali metals results in the metal at'quiring a |>o8itivo charge 
and the ambient atm. b^qnies negatively charged ; ^ in the explosion of a mixture 
of hydrogen and oi}-gen ; ® m the action of carbonyl chloride, ohlorino, and water 
on potassium-sodium allovts ; etc. — which have the power of rt'iidcring the ambient 
air a coi^uotor of electricity so that it can discharge a charged electro8coj>e.; and 
an attempt has been made to find if the two phenomena are related. The temp, at 
which hydrogen and ox}'gen begin to combine in contact with carbon or platinum 
is almost the same, within the limits of the errors of measurement, as that at which 
these elements begin to form negatively charged electrons. This, however, is 
not sufficient to justify a belief that there is a caudal nexux l>etween the two ]>heno- 
mena. The property exhibit-<*d by many chemical reae.tions of making the ambient 
air electrically conducting must Ik* shaqily distinguished from radioactivity. ' 

E. Rutherford has emphasized the fact that the activity of radioactive bodies 
has these special characteristics : (1) It is spontaneous ; (2) It is exhibited by all 
the compounds of the radioactive elements ; (3) It b not altertnl by changes in 
the physical or chemical conditions of the element ; (4) The reaction is e.xothennal, 
but the speed of the. decomjiosition is not affected by any known <‘xternnl condition ; 
the thermal value of the reaction, t/oo, is more than a million times greater than 
that of any known chemical reaction ; (5) The decomposition [froceeds in a series 
of stages — consecutive reactions ; (0) Helium is one ultimati' }»rodict of tju' decom- 
position ; (7) Three ty|)cs pf “ radiant rays '' are emitted at dillcnmt stages of 
the decomposition, which may ionize the ambient air, produce luminescent effects, 
and induce chemical changes. 

A, Schuster expressed the idea that usually when a j)hy8ical property has 
bhen discovered in one element, it will he found to he 8har(*d m varying degrees 
by all the other elements ; and conseqiu'utly radioactivity may prove to l>e a common 
property of all mirtter. In that case, the so-called radioactive Iwdics may be 
distinguished from others- -like iron in the case of magnetism -by the enormously 
exaggerated forms in which tlicy possess the property, 1’he apjiarent.ly inactive 
metals may possess radioactivity, hut to so small a degree, that our ])ower8 of 
observation arc insufficient to det<*ct it. M. S. Curie examined a number of sub- 
stances to find if any other radioa<jtive elements exist in addition to the uranium- 
radium family, and to the thorium and actinium families, and found that none 
have a radioactivity even -pj^th of that of uranium. J. J. Thomson reported 
that potassium and rubidium, in vacuo, emit electrons wliile in darkness. 
N. R. Camfjbell and. A. Wood tried to find if radioactivity could he detected in other 
elements, and found that potassium and rubidium both emit jS-rays, hut no a-rays. 
The j9-ray activity of pot-assium is not more than uranium ; and 

that of rubidium about r'-th that of potassium. N. R. Campbell, M. Ijcvin and 
R. Ruer, E. Henriot, W. W. Strong, H. Lachs, K. Bergwitz, H. Thirring, W. Biltz 
anch E. Marcus, J. W. Woodrow, R. J. Strutt, E. Muller, L. Dunoyor and 
E. H. Buchner also found that the salts of these two elements emit feeble mdia- 
tions which afftet a photographic plate. The radioactivities of ruhiflium and 
potassium are atomic qualities. There is no evident reason why elements of such 
low at. wt. should exhibit radioactivity. The phenomenon has not been ohsijrved 
with sodium or cajsium. Therefore, while between 30 and 4o radioactive bodies are 
assumed to exist, not half a dozen of these bodies have been isolated. The projier- 
ties of those radioactive elements which have not been isolakd have been deduced 
from their behaviour when mixed with large proportions of other known elements. 
J, C. McLennan and W. T. Kennedy showed that the radioactivity of potassium 
and rubidium is not due to the action of the y-rays known to be present in the 
atm. J. Elster and H. Geitel, and J. Satterly forfhd the quantity of radium in 
these elements too small to prepuce the given effect. No success has a1^nde4 the 
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efforts of N. R. Campbell, J. Elster and H. Geitel, and E. Henriot to concentrate 
the active constituent frc^n potassium. E. Rutherford added that the fact that 
a-rays are absent is taken to mean that the j3-radiation cannot arise from the presence 
of a known j3-ray product which is separated with the potassjum ; for no ^-ray 
product of long period is known which is not transforpied into an a-ray product. 
0. Hahn and M. Rothenbach estimate the half-life period of rubidium to be years, 
and that of pota-ssium, 3 to 7 tjmes more. 

G.^ le Bon repeatedly afhrmed that radioactivity is a universal phenomenon. 
The atoms of simple bodies, said he, emit emanations of the same family ajf the 
cathode rays. H. Geitel, C. T. R. Wilson, R. J. Strutt, N. R. Campbell, J. C. Mc- 
Lennan and E. F. Burton, H. L. Cooke, C..S. Wright, J. Elster and H. Geitel, 
G. Hoffmann, etc., have studied the phenomenon. Kadioa(;tivity is detected by 
the action of matter on a (duirged electroscope. The ionization, said E. Ruther- 
ford, may be due to one or more of the following effects ; (i) the presence of a 
small quantity of radium emanation mixed with the air ; (ii) a supe^cial activity 
due to the exposure of the metal to the radioactive matb'r present in the atm. ; 
(iii) the presence of traces of known types of radioactive matter throughout the 
volume of the metal ; (iv) the escape of a radioactive emanation from the metal 
into the gas ; and (v) the effect of the penetrating y-rays which arise from the 
earth and atm. After discnssing each of these effects, he concludes : 

Consiclrring tho ^valence op a there does not seem to be any adequate proof that 

ordinary nu'tiilH postMi'Hs un lUtriiwH' aetivity corresponding to tho well-known radioactive 
elemontH. »Tho v<Wy weak activity actually observed is m all probability to bo ascribed 
to tho pi-esence of traces of radioactive matter as impurities. 

G, Hoffmann came to a somewhat similar conclusion in attempting to decide 
if all the ehmumts are radioactive. J. II. Vincent saiil that the radioactivity of 
ordinary elenumts cannot he detected because of the low velocities of the emitted 
particles, 

It is difficult to eommumeate a charge of electricity to a ga.s under normal 
conditions. This is shown by the m.sulating jiropi'rties of air screened from ultra- 
violet light, and other agents which act on the gas, making it aeonduetor of cleotricitv. 
Myriads of gaseous molecules jier second may bombard a charged metal plate 
and rebound without I'lee.tritieation B. Franklin mentioned that the vapour 
rising from an electrilied water is not itself elee.tritied ; and L J. Blake, H. Pellat, 

H. Beggeroff, J. C. Beatie, L Solmeke, and G. Schwalbe also found that the vapour 
arising from boiling mercury is not electrified, however strongly the liquid be electri- 
fied. As J. J. Thomson expre.ssed it. “ when an electrified liquid co-operates, the 
electrified [lartieles are left behind, just a.s a salt in soln. is left behind cn evapora- 
tion.” Air. however, does become a conductor of electricity when exposed to various 
other inlluences, ultra-violet light, hot metals, certain chemical reactions — vide 
supra — etc. This subje<‘t is discussed m J. J. Thom.son’s Conduction of Electricity 
through (/a.sc.s (Cambridge. 1‘K>.3) Gases can be electrified by the splashing of 
liquids, so that the air m the vicinity of a waterfall, where the water falls upon 
rock% and breaks into spray, is electrified. P. Ijcnard showed that a positive 
charge goes to the water, and the air is negatively electrified. Ixird Kelvin noted 
that air which has bubbled through wat<T is negatively electrified. J, J, Nolan 
has discussed the ionization of air by splashing waU'r. J. J. Thomson found 
that the effect produced by dil. soln. of .some salts, etc., is very gn*at; but 
H. Zwaardemaker and H. Zeehuisen found that purified water and most inorganic 
salt soln. give no charge U) water spray. 

C. du Fay,^® E, F. du Tour, and others knew in the eighteenth century that the 
air in the vicinity of hot metals becomes a conductor of electricity, and many obser- 
vations have been made on the subject since that time. Tho subject has been 
discussed in 0. W. Richard.son’8 monograph The Emission of Electricity from Hot 
Bodies (London, 1916). It w shown that the number of electrons emitted per 
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unit area of surface increases rapidly with temp., T'' K., according to the formula 
where a and h arc constants, and ♦ denoted th«‘ current per unit area. 
The ratio f/m for the elec'trons emitted by hot bodies is the same as that obtained for 
the cathode rays.. Early in the nineteenth century, A. Volta found that llames 
ore conductors of cleclricky, but the results of many 8ubs<‘quent observers are 
obscured by the ronducti\'ity induced by incandeat^ent wires. The conductivitv 
of gases containing salt’vajmurs, and the flow of. elect ricjtv thrmigh saltdaiien 
flames, ^as been investigated by S. Arrhenius, etc. H. A Wilson found that, 
under similar conditions with respect to temp., potential difference, and eonc., 
the conductivity imparted to the flame by ca'sium, rubidium. ]iota.sNnim, sodimn, 
lithium, and hydrogen chlorides or. nitrates decreased in the order named. The 
Subject is dist'ussed in H.* A. Wilson's 77/c Ekcineal Profu^rtu's of Fhvnes avd of 
Incandem'iU StduU (Ixmdon, 1912). H. Hertz's discovery that the incidence 
of ultraA’iolet light on tin* spark gnj) facilitated the j)as.sugc of the spark, was iinin(‘di- 
ately followed by numerous investigations of the action of light, and of ultrn-violct 
rays on the di.scharge of electricity from eharged bodies mio ]>lu)toehcmical cffec't. 
The subject is discu.s.sed in the monographs, A. L. Hughc.s, PhotiM'Urirint^f ((.’amhridgo, 
1914), and H. S. Allen, P}u>toelr/iru'ity (Ijondon, 1913) \\ ('. Kdntgen noted 

the ionization jiroduced in gaseous media by X-rays. J. S Town.scnd has shown 
that gaws may be ionized by the collision of the molecules with fast-moving positive 
or negative ions. The subject is discussed in his monograph. Thr Theory of lojuza- 
tion of Ga^fji by Collunon (London, 1910) ; and also bv B Biaftii, 1* (). Pedersen, 
and J. Franck and co-workor.s. The ionization of gases bv BecquenTt^ rays from 
radioactive uranium, ctc.,^as lu'i'n studied by H. Bcc(|uerel,2i etc. The subject 
of radioactivity is discussed in the monographs, M. S. Curie, Traii^, de radnmrtmi^ 
(Paris, 11110) ; E. Rutherford, Uadioaoim' Substances and their Radintoms ((km- 
bridge, 1913) ; S. Meyer and E. von iS<'hweidler, Hadioaktiviidt (lieipzig, 191()) ; 
*F. Henrich, i'h^viie und chemische Techmdoqie radioakiivcr Stojje (Berlin, 1918) ; 
W. H. Bragg, Studies in Uadioaclmty (I.K)ndon, 1912) ; F. Soddy, The Chemistry 
of the Radioelements (London. 1911-1). 
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§2. Radium 

It is the glory of God to eoncoal a thing, but the glorj' of a king to search it out. 
Solomon. 

For oven the things which bo in our hands - 
Those, knowing, wo know not — so far from us, 

In doubtful dininoHs, gleams tho star of truth. 

Anon. » 

t 

Is the radioactivity of uranium due to the *pre8ence of an impurity 7 — 

In 1898, r. and M. 8. Cuiie,i and G. Deniont found that the radioactivity is due 
to the presence of une nouvelle subdance fortemerU radioactive, cordcMMC dans la 
pechblende ; and in her thesis ; Recherches sur Ics substances radioaclives (Paris, 
1903), Marya Sklodowska Curie examined the radioactivity of a number of uranium 
minerals and other substances. She found the following; relative radioactivities, 
expressed in units x 10“^ ^ amperes : 
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Pitohblmide (Johanngeorgenstadt) 

Units. 

8-3 

Ammonium uramte . 

Units. 

. 1*3 

. 1-2 

Pitchblende (Joachimatahl) . 

70 

Sodium uranate 

Pitchblende (Przibram) 

0-6 

Cranyl sulphide . 

1'2 

Carnotite .... 

6-2 

Samarskite ^ . f . 

T1 

Chfdooliie .... 

,/5-2 

Uranyi sulphat'e 

. 0'7 

Aatunite .... 

2*7 

Potassium uronyl sulphate . 

. 0-7 

Metallic uranium . 

2 3 

Aeschymte , . 

. 0-7 

‘Oraogite . . . . • 

Uranium oxide (green ) . 

2 0 

Uranium nitrate 

t • 

1-8 

Mona/ite .... 

• • 

Pitchblende (Cornish) 

1-6 

Fergusonite 

. U-4 

Uranic acid .... 

10 

Niohite . . ■ 

. 0 3 

Thorium oxide 

0 14 

Xenotime . . . • 

. 003 

Cleveito 

14 

Tantulite .... 

. 002 


Obviously sonio uranif(‘rous minerals are more active than uranium itself. 
Hence, it was inferred that “ the strong activity of the pitchblende from Joachiinstahl 
(Bohemia) is due to the presence of small quantitie.s of a Riibstancc w'onderfuUy 
radioactive, and different from uranium or any other simjile l)ody knowm” This 
result was confirmed by the extraction of thi^ chloride of what was supposed to be 
a new element designated radium, Ha. I’he .salt was over a million times more 
radioactive than uranium. 

In its general chemical behaviour, radium resembles barium, and the first stage 
of the extraction of radium from its ores resembles the process which would be 
employed if bariun? was to be extracted. In the extraction, polonium accumulates 
with the bismuth and actinium with the rare earths. The separation of radium from 
pitchblende is conducted in three stages : (i) The .sepacation of uranium from the 
ore ; (ii) the e,xtractiori of a mixture of radium and barium bromides or chlorides 
from the residui* ; and (iii) the .separation of the two chlorid(*.s by fractional crystal- 
lization— the radium salt has the lower solubility, and if a sat. .soln. of the mixed 
chlorides is raised to boiling, and allowed to cool, tin' small ])art which crystallizes 
out is five times more radioactive than the ])art remaining in soln. 

The chief mineral em])Ioyed for the extraction of radium i.s pitchblende, which is 
found in commercial quantities in Bohemia, South Sa.xony, Cornwall, Gilpin County 
(Cal.), etc. The minerals uranite, sanmrskite, and brannente rarely occur in 
commercial quantities. By weathering, they furnish autumte, torbernite, carnotite, 
and tyuyamunit<*. The two latter are the most abundant and furm.sh the bulk 
of the world’s siqiply. They are found in S.-W Colorado and S.-E Utah ; smaller 
quantities of carnotite occur near Olary (S .Au.stralia). Tyuvaniumte occurs in 
Tyua-Muyun (Hu.ssian Tiirke.stan). It. M. Kehny, H. Viol, and II. Foley have 
discussed the production and u.ses of radium One ton of pitchblende, containing 
about 0'37 grm. of radium, furni.shed about half of this amoui>t by the following 
method of extraction. 


The powdered mineral is first roasted with sodium carbonate, and the product washesj 
with warm water to removo the e.\ces« of sodmm carbonate, and then with dil. sulphuric 
acid. The uranium pa-sses into soln., and the imsoluhlu re.sidue contains sulphate.^ of radium, 
calcium, lead, barium, etc , sdica, and a small proportion of copper, zinc, aluminium, tlwl- 
lium, ithe rare earths, arsenic, antimony, bismuth, vanadium, tantalum, colnmbium, 
manganese, iron, cobalt, nickel, etc 'the residue h 1 1 to 4A times as radioactive as metallic 
uranium. 10,000 kgrms. of futcliblciuh' ore yield 3000 kilogrm.s. of residui'. 

In M. S. (/Urie’s system, whieh includes Debierne's 8uggestion.s, the residue is treated 
by the following process : liadiuin sul|)linte i.s the least soluble sulphate in the n'sidue, 
and to diisolve it, the sulphuric acid should be as far as possible removed. Tlie residue is 
accordingly boiled with a cone. soln. of sodium hydroxide, and washi'd, Sodium sulphate, 
and lead, silica, and alumina«aro rtmioved with the alkalme soln., and the washing. The 
insoluble residue is digested with hydrochloric acid ; tlu' material i.s disintegrated and most 
of it is dissolved. Polonium may bo obtained by precipitation with hydrogen sulphide, 
and the filtrate, oxidised with chlorine, and treated with ammonia, gives a precipitate 
containing nc/tntnm. The barium and radium remain as undecomposed sulphates in the 
portion not dissolved by hydrochloric acid. Tho insoluble matter is washed and then 
Doiied with a soln. of sodium carbonate ; the barium and radium sufiihates are transformed 
into carbonates. The washed residue is treated with dil. hydrochloric acid free from 
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mlphurio ftoid. The iiltered win. conuina b«riuiii» radium, and some jKilouium, and 
lotmium ; it is treated witJi sulphuric acid when a inixturo o^ulphates ol barium, ra^um, 
jaloium, lead« and iron, with a trace of actinium, is precipitated; the filtrate contains 
I little actinium and polonium, which can be recovered as before. A ton of residue gives 
between 10 and 20^grms. of crude sulphate with a radioactivity about 60 times that of 
motallio uranium. ■ , 

The crude sulphates are purified by boilmg with a soln. of sodium carbonate, and the 
resulting carbonates dissolved in dil. hydrochloric acid. As before the soln. is treated with 
hydri^en sulphide for poloftium ; oxidi/wl witli chlorine, and treaWd with ammonia for 
aotiniuraf Tho filtrate is precipitated with sodium carbonate ; and the washixl oarbonati^s 
agam cod verted into chlorides by tit'atmciit with dil. hydrochlono acid. The soln. is 
evaporated to* dryness, and wa.'ih^ with cone, hydrochloric acid. Ni^rly all the calcium 
chloride dissolves while the barium and radium chlorides remain ready for fractionation. 
A ton of residue gives about X kgrnis. of Uic mi.\«H] chlorides, whose radioactivity is about 
00 times that of metallic uranium. The imxctl chlorides are dissolved m water, the aoln. 
boiled, and allowed to cool, Tho crystals, (\ which separate are more active than those 
obtained by evaporatmir the mother liquid, »S. The operation is then repeatinl with each 
portion (' and N. This givc.s four porliofis. The less ai-tive fraction of T is added to 
the more active jiortiorfof The ojicration h now rcpcattni wuth the resulting thnx' 
portions. Tho .scheme is shown diagnumnatically m Fig. I. Aftt*r moh senes of opera- 
tions, the sat. holn. arising from one fraction is added to the crystals arising from the 
following fraction ; hut it after one of the mtu s the iiio.st Holuhlc fraction ha-s been with- 
drawn, then, after the following scries, a new- fraction is made from the most soluble 
portion, and tho crystals of the most 
active portion are withdrawn. Hy the 
successive alternation of these two 
processes, an extremely regular system 
of fractionation is ohtauicd, in winch 
the numlier of fractions and the activity 
of each remain.s constant, each being 
about live times as active os* tho sub- 
W'quent one, and in which, on tho one 
hand, an almost inactive product i.s 
removed, whilst, on tho other, is ob- 
tained a chloride rich in radium. The 
amount of material contamed in these 
fractions gradually diminishes, becom- 
ing less as the activfty increases. 'I'he 
number of portions is not allowed to 
increase innelinitoly. Tho activity of 
the most soluble portion diniiiiishos as 
tho mimbt'r iricroascs. When its activity Ix'comcB mconsidi'rablo, it is withdrawn from tlio 
fractionation. Wlum tho desircil number of fraclions has Iwv-n obtainoil, fnu'tionation of 
the least soluble portion {tho nche.st m radium) is stoiipcd, and it is withdrawn from tho 
rt^inamder At first, six fractions were us<‘d, and tho imtivity of tlio chloride obtained at 
tho end was only one-tenth of that of uranium. When most of tho inactive matter haa 
been romovi-d, and the fractions huv<* b<*como small, one fraction is n'moved from tho ono 
end, and anotln'r is added to tho other end, consistuig of tho activo chloride previously 
removed, ?V chlorKk' richer in radium (ban tho preceding is thus obtained. This system 
is continued until tho crystals obtained ore ]>uro rrniium chloride If the fractionation has 
bwn thoiijughly earned out, scarcely any trace of tho intermodiato products remains. At 
on advanced stage of tho ro-froctionation, when tho quantity of material in each fraction is 
small, the separation by crystallization is less efficacious, the cooling being too rapid and tho 
volume of tho soln to bo decanted too small. It is then lul visahle to mid water containing 
a known quantity of liydrochlorie acid ; this (piantity may hi' increased os the fractionation 
prcSieeds. Tho ^vantage gamed thus consists in increasing tho quantity of the solp., tho 
solubility of tho chloridt^ ^‘mg less in water acidified with hydrochloric acitl than in pure 
water. By usm^ water contauiing much acid, oxcidlonls st'parations aro ofToctod, and it 
is only nccotwary to work with three or four fractions. 

The crystals, which form m very acid soln., aro elongatetl needles, those of barium 
chloride having exactly tho same appearance as those of radium chlondo. Both show 
double refraction. Crj-stals of barium chlondo containing radium are colourless, but when 
the proportion of radium bt'coracs greater, they have a yelloi^ coloration after some hours, 
verging on orange, and 8om(‘tiin<« a beautiful pink. This colour disappears in soln. Crystals 
of pure radium chloride arc not coloured, so that the coloration appears to be duo to the 
mixture of radium and barium. Tho maximum coloration is obtamod for a certam do^ee 
of radium present, and this fact wrves to check tho progress of the fractionation. The 
fractional precipitation of an aq. soln, of barium chloride by alcohol also loads to the isolation 
of radium chloride, which is the first to precipitate. This*method, which was first employed, 
was finally abai^oned for the one just described, wdiich proceeds with more regularity. 


SdturdteJ solution 



Fkj. I, Sclicino of Fractional tTjstallization of 
Hadmm and Barium Chlorides. 
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Many modified proposals have been made of the method bf extraction employed by 
M. a Ourie. These different methods of treating radium ores can b^ classed : 
(i) Leaching the ore with sulphuric acid (H. Fleck, W. G. Haldane, and E. L. White ; 
and H. NlfcCoy); hydrochloric acid, or nitric acid {C. L. Parson and co-workers, 
B. B. Moore and K. L. Kithil, and G. A. Koenig) ; ^ii) Leaching the ore first w^h an 
alkali, and then with an acid— «.</. J. H. Haynes and W. D. Engle, H. K Plum, 
and W. F. Blcecker digested the ore with a soln. of sodium carbonate, and digested 
the residue with dil. hydrochloric or nitrie acid ; L. Haitinger and C. Ulrich ex- 
tracted pitchblende with alkali-lye and then dissolved it in (fil. sulphuric acid ; and 
(iii) Fusing the ore with some material which will open the ore e.g., W, F. Bleecker 
roasted the ore with sodium chloride and hydroxide ; S, Radcliff fi^ed the ore with 
•odium hydrosuJphate ; F. Ulzer and R. Sommer also used an alkali hydrosulphate ; 
and E. Ebler roasted the material with lime or calcium carbonate and sodium and 
calcium chloride. E. Ehler and A. J. van Rhyn extracted more than 80 per cent, 
of the radium as crude sulphate, from earths jioor in radium, by the following 
process : * 


The powdered niineraJ in mixi'd with iihont an nquaJ wei/i^ht of sodium or calcium chloride 
and calcium carbonate, and heated at the ninti^rui/^' temp. (8t)0°-i000°) for five or six houra 
in a muffle furnace. TJio cook'd mass w jjowdered and extracted with dil. hydrochloric 
acid containing; sulphuric acid and barium chloride. The sulphate prccijiitat^ containing 
the radioactive material can then be readily wasbed away from the coarse inactive particles 
and filtered off. 'I’ho weight of crude sulphaU's obtained is about 7 per cent, of the original 
ore. This method was used to extract radium from I’ortuguoso torbemite ore containing 
only 4'5x 10“’ per cent., from Colorado camotito sandstone containing 6 0 X 10“’ per cent., 
and from Mexican pitchblondo-quartzito containing 2 84 x 10“’ per cent, of radium. 


In R. B. Moore and K. L. Kithil's nitric acid process for extracting radium from 
canvotite, the powdered ore is heated with nitric acid and the insoluble residue 
discarded. H. D. d’ Aguiar has described this [irocess. The nitric acid soln. is 
treated with sulphuric acid whiui radium and barium sulphates are precipitated, 
while the vanadium and uranium salts remain in soln. The sulphates are reduced to 
sulphides, converted into chlorides, and fractionally crystallized. 

W, Marckwald found that on adding a cone. aq. soln. of a mixture of radium 
and barium chlorides to a one per cent, sodium amalgam, part of the sodium in the 
amalgam is displaced by an eq, quantity of radium and bariuin, the proportion of 
radium absorbed being greater than that of barium ; on decomposing the amalgam 
with hydrochlorio acid, the metallic chloride obtained is much more active than 
the original salt. By repeating tliis process, a much enriched salt is obtained, but 
the manipulation is tedious, and the method offers little advantage over the ordinary 
one of fractional crystallization. Instead of converting the sulphates to chlorides 
bj the tedious process of A, Debierne and M. S. Curie, it is advantageous, in many 
oases, to reduce the sulphates to sulphides and dissolve the latter in hydrochloric 
acid ; thus E. Ebler reduced with calcium carbide : MSO 4 -f 4 CaC 2 ™ 4 Ca 0 -f-MS-f- 8 C ; 
and E. Ebler and M. Fellner, with calcium hydride : MS04-f4CaH2=4Ca0-f-MS 
-f 4H2 ; C. L. Parsons and co-workers tried reducing with carbon : MS044*4C 
s=MS-|- 4 CO ; F. Soddy, atid C. L. Parsons also suggested coal gas ; and F. S^dy, 
water gas. E. Ebler and W- Bender compared the different processes and obtain^ 
better results with the strongest reducing agent. 0 . Honigsehmid heated the sul- 
phate in a mixed vapour of carbon tetrachloride and hydrogen chloride. Accord- 
mg to C. L. Parsons and co-wockers, the production of a precipitate, or the presence 
ot one, in a radium-barium soln. does not necessarily involve the adsorption of 
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iHUidecable ^uantitaes of rAdiom from sola. As hu already been ][>omted out, 
i» precipitatioii of 700 grms. o! lead sulphide m ammduiaoal soln. carried with it 
3 out of 1»600 mgrms. of radium. The work of F. Paneth shows that any 
Itious removal o^ radium by adsorption is likely to occur only when the radium 
In^ an insoluble saltVith the negative ratiical of the adsorbent. The failure of 
^ium to be removed as 'sulphide, together with lead sulphide, accords well with 
jii chemical nature, sinoe radium sulphide is solu}>le. On the other hand, the 
Omplel^ness of its removal as carbonate, which is to be expected, bas been shown 
nr the fact that only b’i out of 1,5(.K> mgrms. of xadium passed into 3(X) litres of 
iltrate. Evtsn if barium sulphate is present or is precipitated in a soln. containing 
fulium, the amount of radimu remo.vod is small provided a largo excess of barium 
h present. F. E. B. Glermann found that radium is adsorbed from soln. of its salta 
by barium sulphate, and the adsorption follows the laws of K. Kroker, aiirl H. Freund- 
bch. • 

! According to A. Caehn, radium is not deposited on a platinum elecjtrodc by the 
^eotrolysis of soln. in alcolnd, acetone, or pyridine, since the cathode shows only a 
temporary induced activity. With aip soln., cathodes of different metals acijnire 
only a temporary radioactivit}- in presence of radium bromide soln. ; a morcur)' 
cathode, how'cvcr, b»‘coiu(‘s permuiuuitly ai'tive, and when extracted with hydrogen 
bromide gives a permanently active bromide, 'rhe differ<*noe of pottuitial required 
for the separation of a metal (calculated from heats of formation) incr(‘aseH in the 
series calcium, strontium, and barium, but proc^'cds in the reverse direction when 
amalgams are produced, so that the separation of strontium on# mercury requires 
0'2 volt more than barium, and calcium ()‘2r) volt more than strontium ; this 
difference is sufficient for the c'lec truly tic separation of these metals. Tliese values, 
however, ^ for soln., althougli the <lifferenc(‘ between radium and barium should 
be greater than bctw'ccn barium and .strontiuih. It is not possibh* to separate these 
metals excejit wdth <*xtraor(Iinarily small <‘urrent densities ; metallic radium is, how- 
ever, prccipitati'd by barium amalgam. Neither barium nor radium cun be Hcparat<*d 
from aq, soln. b} .dcjmsitioii on melted Wood’s alloy. Metallic radium cannot be 
satisfactorily di'posib'd on amalgamat<'d platinum ; but can bo de})osib‘d on amalga- 
plated zinc, tht* upper part of tlu' rod being protected from oxidation by ineaiis of 
paraffin wax. By precipitation on a pure mercury cathode and dissolution in hydro- 
gen bromide, a considerable in«Ti*a.Hc of activity is obtained in the bromide. A 
silver anode was used to absorb tie* bromine ; and at first it showed a greater radio- 
acjtivity than the cathode, hut this was due only to an induced radioactivity, and dis- 
appeared at the end of 24 hours. The redissolving of the metallic radium in the 
soln, from which it is being deposjtvd can be greatly checked by usiric methyl alcohol 
as the solfent in place of water Mc'tallic radium in the form of amalgam behaves 
like its coiiijiouiids in that the radioactivity increasi^s during several days to a maxi- 
mum value, 

M. S. Curie and A. DebuTiic prepared radium amalgam by the (‘lectrolysis of 
a soln. of O lOfi grin, of jierb'ctly pure radium chloride with a cathode of mercury 

grins.) and an anodr of platinum-iridium. Aft<T electrolysis, the. soln, eontaimal 
0 0085 grni. of the salt. The amalgam was quite fluid, whereas with barium* under 
similar conditions, the amalgam is jiart-ly cry8tal4ne. The dried amalgam was 
transferred to an iron boat and heated cautiously in a quartz tube in a current of 
hydrogen purified by pas.sage through the walls of a platinum tulsi heated in an 
electric furnace. The temp, of the boat was determined by a therinoc.oupIe, 
Most of the mercuT}' was distilled at 270'. At HKf the amalgam IsT.aine solid, 
and its m.p. rose progressively as tin* mereiiry was driven off to TW", At this 
temp, no more mercury volatilized, but the radium itself commenced to volatilize 
and to attack the quartz tuljc energetically. The boat now contained a brilliant 
white metal. It adhered strongly to the iron, and blackened immediately on 
exposure to air, probably forming the nitride. The penetrating rays from the 
boat contaming the metal, sealed in a gloss tube, showed the normal increase follow- 
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ing the law of production of the emanation. B. Ebler and H. Hersohfinkel obtained 
the more or lees impure fhetal by heating the azide to 180°-250®, when Ra(N 3)2 
“Ra-f-SNg. 
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§ 3. The Occurrence of Radioactive Substances 

In DH)2, J. J. Thom.son ^ found evidence of electronic netivity m the air bubbled 
through the tap-water of Cambridge ; and J. KLster and 11. Geitel olitained himilar 
results by drawing air through soils and clays ; and the air of caverns was found 
to be iiion* radioactive than normal atm. air. K. J. Strutt c.stimab’d the cone, 
of radium in a number of soils and rock.s from widely ditlerent localities. The 
computation was based on an u.ssumption as to the ronstant pro[)ortioir of radium 
and uranium, which vva.s afterward.s shown to In* erroueou.s. The results, corrected 
by A. S. Eve and D. Mel iitosh, showed that in 2H igneous rocks, the amount of radium 
ranges from ()'.‘k)\ 10 to 4‘78\10 gnus, per gram of material —the average is 
1’7 The highe,st values were obtained with granites, ami the lowest with 

basalts and olivine roek.s. p’or setlimentary rocks, the average of 17 detormiuatijns 
was L'l X 10 gnus, per gram of material. J. Joly found the mean radium content 
of igneous rocks to be 5T) \ 10 and of sedimentary rocks 4’.‘3 X lo ^-^rms. per gram. 

Radium produces a radioactive gaseous emanation which itself gradually 
changes ; if sufUcient time be allowed and the mixture is in equilibrium, the amount 
of emanation us strictly pro])ortional to the amount of the parent radium, so that 
given the amount of one, the amount of the other can bi‘ caleulaU'd. Other radio- 
active elements no doubt ’play their part, but radium so far preponderates that 
geochemical radioactivity is commonly stated in terms of radium. Comparative 
detenninatious can Im; made by spreading the dried powdered material over the 
same area on a plate introrluced into the electroscope. 2 The subject has been 
discussed by S. C. Lind, P. Loisel. P. Ludewig. N. E. Dorsey, H. Greinacher, and 
0. Niirnberger. In estimating the amoont of radium in rocks and minerals, 
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etc., the material is decomposed so as to bring it into soln. and enable the radio- 
active gas to be isolated. Its amount is then determinad by its action on the air 
within an electroscope. The mineral is fused w'ith sodium carbonate, or potassium 
hydroxide, and afU'rwards extracted with water, and the residue, if any, with dil. 
acid. If the miuefhl is riirectly soluble in a given menstruum, there is no need for 
the fusion process. The mixed soln. is stored for a few weeks in a closed flask, 
resembling A, Fig. 2, so as.to allow the equilibrium amount of emanation to develop. 
To estiingte the amount of radium, the flask A is attached to a water reflux con- 
denser Bl and the latter is connected w'ith the n^t of the apjiaratus. Fig. 2, by 
means of thf* ground-joint, (r, held together by steel spring.**. The emanation is 
ex|>elled from the flask by vigorously boiling for almut an hour. The cooling water 
is run from the conthmser B, to allow the steam to drive the emanation into the 
reservoir C. The stopcock is tlien clost^l. Meanwhile the air is exhausted from 
the electroscope by connecting the apparatus with the pump. The air in the 



gasholder (\ charged with the emanation, is cautiously allowed to jioss into the 
electroscope by opening the tap F. The rate at which the electroscope is discharged 
i.s measured by tlie number of scale-divisions the leaf of the electroscope falls ]kt 
hour, and thi.s is lissumed to he j»roportional to the amount of radium in the original 
mineral. A miiK-ral with a known amount of radium is employed as a standard of 
reference. ,The radium can also lx* compuU‘d from the amount of uranium — 
determined by anah sis in a saiu}>ie of jiitchbleiidc ore, wliere the ratio uranium 
to radium is nearly constant, viz. one gram of uranium per d’4 X U> ^ grms. of radium. 
Hence, therefore, the amount of uranium as well as of radium in a uraniferous 
mineral can be estimated by this nnttliod. In cariiotite, and several other uranium 
minerals, the ratio of uranium to radium is not always constant and has to bo 
dcWrinkied by experiment. ^ 

ExAMPiiE. — Mooro anef K. L. Kithil tn^ated 22 m^ms. of a sample of pitchblende, 
known to contain eq. of IK) {ht cent, of uranium ; and, sTirs. after introdueiiiK the emaoa- 
Lton to tlie electroscope, they foimd the to fall 40'5 divisions f>er niimite. The natural 
leakage of the instrument was 0’5 division jxt minute, so that the emanation from the 
radium in t^uilibrium with 0 01 gnn. of uranium causeil the leaf of the eh*c( roH<jo|H> to 
fall 40 divisions per minute. Hence, a fall of one division i>er minute repn^sents O'Ol --40 
~2 6xl0“^ grins, of uranium. This is the rorvtant of the i Icctroacupe. One gram of a 
;iven pitchblende ore was fused with Hodiiim earlsmate, and at the end of a month, tfie 
loin, was treated as alx)ve descnlied. In 3 hrs. the leaf of the electroscope fell at the rate 
1 8 ‘5 divisions per ininuti*. Allowing for the natural rate of the eUM.’troscu]»e, the emanation 
produced a* leakage of 18 divisions |>er rnmute. Hence, the oro containeii J8x2‘5xJ0~* 
=«45 X 10~ * grms. of uranium. The ratio of radium to uranium in pitchblende ores is approxi* 
naately 3*4 X iO * grim, of radium {ler gram of uranium, one gram of the pitchblende in 
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quMtion not only contnuu 46 X 10 "* gniu. of uranium, but also (45 X 10 “*) X (3 4 X 10 “ ) 
«■ 1 '63 X 10 • gniuj. of radiu^. 


Numerous observations have l)een made on the radioactivity of rocks and 
minerals.* Expressing the re.sults in billionths of a gram pcj^ gram of material. 
A. Holmes found : • * 


IgneoUH rockn 
Sedimentary rockn 


t Acidic rockn 
Intennediato rockrt 
Hohic rocks 
Ultrabanic rockn 
jClayH 
■ SanfUtonos 
I l.im«’Htones 


Orm, per gram. 
31 X 10-1* 
2-1 

11 xl«-»* • 

0 6x10-1“ 

1 5x10-1“ 
1*4x10-1“ 
0*9x10-1“ 


The igneous roi^ks are therefore more radioai tive tliaii tin; sedimentary rocks. 
J. Joly considers it probable that the ufanium is in considerable part removed 
during the general disinti'gration of the jiarent ro(*k ; but the radioactivity of the 
detrital rocks shows that a proportion of the uranium is retained in the debris of 
the parent rock. Seventeen samples of deep-sea dejtosits from the Challenger 
expedition were radioactive. Ae(*or(ling to J. Joly : 

Extent in | Oloblgerlna oozo. Itadlolarlau wio. lied clay. 

HI |. mi leu f 49*5 10* 2 5x10* 51*5X10* 

^'*cftrboaato I “^8 12^0 per cent. 

Hmlium . <i*7^x 10 7 4 v |u 22 8 *'lO-‘“ 60 3- 10 •“ 62 ()a10'1“ 16*4x10-»“ 

This shows that the radioactivity and the proportion of calcareous mattiTs stand in 
an inver.se order. The first re<l clay is e.xeeptional m that tiie projiortion of calcium 
carbonati*. is higlier than usual ; J Joly says that d is proliable that thi^ lower jiart 
of the deposit, richer in ealeareous mattA*r, dilutes the more ri'centlv formed (iav 
above. J. Joly gives (>xlO grins, of radium per gram m the material spread 
on the ocean lloor, and hioiee estimates that tliere are II 7 XlO® tonnes of radium 
spread on the ocean floor. 

No marked ]iarallelism has been ob.served between the acidity of thi' rocks and 
their radioactivity. The radium is considered to be un aeei's.sory mineral, and 
(litTerent samples of the same kind of rock, even from the same locality, were found 
by H. Maehe and M. Bamlierger to give very dilferent results ; and E. H. Buchner 
found that the radioactivity of the roi ks can be better ela.ssilii>d geographically 
than petrographically. From borings taken at ditlerent depths, A S. Eve anil 
D. McIntosh, E. II. Biichner, and 11. E. Watson and (1 Ful could find no simple 
relation between the radium content and depth ; nor is there any relayon between 
the gi'ological age and tli«' radioactivity of igneous and .si'dimeiftary rocks. J. Joly 
estimated the radium eoutent of the earth's crust to be 2'0 2 0 x10 grnis. per 
gram. The uranium content is calculated on the a.^.sum]>tion that 10 grins, of 
radium represent .'ixlO * of uranium The radioactivity of the soil approximates 
8x10 gnus, of radium per c.c. J. Joly found the Vi'.suvian lavas contained 
12 .'kX 10 grins, of radium per gram. (). iik'urpa also .studied these lavas. * 

’ K. J. Strutt, G. A. Blanc, J. Joly, and 11. Macin' and M Bamberger have dls- 
cussi'd the radioactivity due to thorium ; and they eoiielude tlAt the aggregate 
radioactivity from this source is not inconsiderable in comparison with that derived 
from the radium elements. From the estimate of J. Joly, J. H. J. Poole, and 
A. Holmes, the radioactive thorium in different rocks is as follows : 

Acidic rocks . 

Igneous . . . Intenuodiate rocks . 

Bnsic rocks 
Claya 

Sedimentary . . Sandstones 

Limostonos and dolomites 


Onu. per gram, 
2 33x 10-* 
2*J6xl0-‘ 
0*79x10-* 
1*25x10-* 

0 66x10-* 

X008X10-* 
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The thorium content is rather greater, but of the same order of magnitude as the 
uranium content. • 

It is assumed that then* is a genetic relation between uranium and radium 
tide infra — and this is (onhrmed by the nearly constant ratio Ka : U, in very old 
compact and unw'elthersd rocks where it may be assumed that tlio changes involved 
are in the steady state. According to J. H. L. Johnstone and 11. 11. lloltwood, 
the total activity of uraipum in eqmhbrium with its j)roducts is 4 7.1 tiim*s tiie 
activity ^if uranium alone. K. J. Strutt,'* B. B. Boltfvood, and U. N. .McCoy found 
Ra JiU— 8'4 XlO 1 ; A. Becker and P. Jannnseh obtained .‘{.*18\1(» 7 .’Hlb 

X 10 ^ : 1 ; and F. Soddy and R. Pirret, 315 X lO ^ : 1 ; K. Clleditscli, 3'2 l’ \ U) ^ : J ; 
and S. C. Lind and L, D, Roberts give 3 -l()( 1 0 (>3) \ 10 rule Table 1. \V. Marck- 


'Paulk I. 

'Phk Kai)iu.m-1^kanii'M Ratio or somi: 

R\|)H)acti \ k Minkualh. 

MlueraU. 


lA>oallty. 

Actl\lty. 

Haiti uni 
JUT ei ut. 

Uruniiim 

JHT ffHt . 

HaOo 

Chulcolilu 


Saxony 


0 714 X 10 

‘ 1 30 20 

1 S2 A 10 

Cnmotite 


Cok)rado 

0-7(1 

0 375 „ 

lOtiO 

2 34 „ 

Ciuiuniitu 


tiornmny 


0 31 

12 20 

2 54 „ 

Autmiito 


Antun 

1 -52 

1 20 .. 

40 02 

2 50 

Autiinil^ 


'J’on(|Vun 

1 50 

I 22 

47 10 

2 50 

Chalcolite 


(hrnmny 

1-20 

0 005 „ 

! 28-80 

3-14 „ 

Pitchblende 


.Joachuusthul 

1 00 

I -48 „ 

' 40-10 

3 21 

(iumimte 


Oermany 

1 -23 

0 58 

17 37, 

3 31 „ 

Chalcolite 


J'orlugal 

, 1-70 

1 30 

, 30-03 

3 33 

Surimrskite . 


India . • 

1 0 42 ! 

0 205 ,. 

8 80 

i 3 35 

lirOgijente . 


Norway 

. 3 00 

2 10 

j 03 80 

1 3 20 „ 

ChW^ito 


M 

! 2 00 

1-81 

54-00 

' 3 32 „ 

Uranothonte 


If 

1 0-70 

1 o-jo „ 

4 83 

3 3J „ 

Feryiisonite 


11 

0-30 

0 223 ,. 

! 0-30 

1 3 55 „ 

'i'liorianite . 


Ceylon 

1 2 32 

; 0 00 

18-00 

; 3 55 „ 

Chalcolite 


Cornwall 

1 2 00 

' J 70 

48 00 

1 3 40 „ 

Pilchblcndo 


• ,► 

1 40 

i J 07 „ 

28 70 

! 3 74 „ 


wald and co-workers found with different .sanijile.s of jiiO liblende containing l)'(ll 
to 71 20'p('r C(‘iit. of uranium, and a ratio between 3'.32xlO ^ and 3:31 \ lO ^ ; ] - 
mean 3‘,321f 10 ^ : I ; thus : 

i:]M>roeut. . 0 01 2a'74 4140 M .‘.It .''►00.') (13 A2 1)0 55 7J-20 

Ita/UxlO’ . 3-320 3 3.30 3 331 3 323 3 328 3 34 1 3 328 3-2.36 

8. C. Lind ^nd C, F. Wlnllemorc found for eurnolites from ( olorado and Utah : 

U per cent. . . 120 1 "8 2 04 3.33 OOiO 7 Ot 20 0 28 J8 

Hh/Cx10^ . . 3 42 3 38 3 58 3-3.3 4'.50 2 00 2 11 3T)0 

Dilfereiices may be anticipated with younger minerals wliieh have not^ had time 
to accumulate the maximum value of radium ; or with jirodiiets whii h have 
beoii weathered and leached by water. Thus, J. Dunne found a sample of jiyro- 
niorphitc wliieh contained radium and no uranium ; 11. N. McCoy, howr-ver, slhnvtyl 
that the radiuu»is conliiK^d to a surface hiy(‘r which had been dejxjsiled by lluwjiig 
water. E. Gleditsch found the ratio with chalcolite to b(i l'H2/J0 with earno- 
tite, 2'34xlO 7 ; and wdth autunite, 2'58xlO A. H. Russell, and F. Soddy and 
R. Pirret, also obtained low results with autunite. The best repres(‘ntaliv(j value 
for the Ra : U ratio in uranium minerals is ,3'.'3 / 10 ^ : 1. Since tin- uranium content 
of UgOs is 84'82 per cent., it may there be anticipated that an ore- with 50 per cent, 
of U3O8, will contain 1 4 x 10 ^ grins, of radium })cr gram of ore ; i.e a gram of radium 
to nearly 7(XJ0 kgrms. of ore. There will be aliout 10-20 per cent, loss of radium 
in the extraction. The subject has also been investigated by L. llajtinger and 
C. Ulrich, H. Souezek, S. Meyer and V. F, Hess, A. MViguet and J. Seroin, etc. 
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From thefftct that radioactive substances constantly emit heat, and since the emanations 
aw ubiquitous in the earth’s crust, it follows that the heating; effects of these substances 
***u*fc play an important tmrt in maintaining the heat of the earth, and must have profoundly 
modified the rate of cooling of the earth in past ages,® Attempts have also been made by 
B. B. Boltwoo<l,* and A. Holmes to calculate the ago of rocks and minerals from the ratio 
fnaking certain assumptions as to the relations of the twjo ele/.ients ; R. J. Strutt,^ 
J. A. Clray dealt hkewtso with the helium and uranium V)r radium ratio ; but A. Piutti 
•bowed that the ratio is too irregular to justify any calculations. The smaller circular 
•pots, c^led pleorhrolr /utht-n, found in brown mica, e.g. biotito-- in cordicrite, and in some 
other minerals are assiimeii to 1 k> cauMHl by the railiouctive projx'rties of a centrally placed 
mineral particle. They have bi-en studied by (). Muggo, J. Joly and K. liutherfprd ; • 
and they have been usi-d in alteiiqtls to estimate the ages of the mmerals in which they 
occur. J. July inferred from the peculiarities of some haloes m the Vtterhy and Arendal’ 
mioiM that a new radioactive exwts emitting an a-ray with a range of about one cm. in air ; 
and ho called this hypothetical element hiimrnium (liihcnua or Ireland), 


The wab'FH of the ocean and inland sea.s are radioactive;. Kstimatt's have been 
made by H. J. Strutt ,» A. S. Eve, J. Satterly, etc. J. Joly found for thewatera of 
the Atlantic ocean from ()iK)7xiO >- U> grin.s. jicr e.c. ; the Indian 

Ocean, 0’0()4 X lO to 0 x 10 grins. j»er c.c. ; the Arabian Sea, 0 027 X 10' ^2 
grnis, iM*r ; the Mcditt'rrancan Sea, 0 (_K)H x lO j,rin.s. ]>cr c.c. ; and for the Black 
Sea, 0‘(K)7 X 10 ‘2 grm.s. per c.c. The average of all 24 detenninationa is 0 017 X 10' 12 
grras. per c.c. J. Joly cHtimaWa that tht're are. 20 x 10« gnna., or about 20,000 tonnes 
of radium in the waters of the ocean — assumed to be 1-452 X 10 tonnes The 
water teom deeji-seated springs and wells 10 ha.s usually a marked radioactivity 
which IS attributed by K. Himstedt to deej,-s<-ated nulioactive minerals. It hm 
Men stated that the curative properties of certain mineral watiTs -e.r/. those of 
Buxton, Bath, Wiesbaden, Bohemia, etc. -are due to their radioactivity. This 
statement IS mere guessing, In^cause so little is known about the pliysiologieal action 
Of the radiations from radioactive* materials. 

In IIKX), H. (leiti'l showed that one or more radioactive substance's are every- 
whm, t „• «tm. utui T. R. \V,l.„n show,., I i|,„t „„ insulated eleetrifii'd 

wnduetor gra.lii,dlv hwa ,ls .-harge inaid,, a ,.|«a,.d v,..s8,.|. E. Rutherford and 
11. .. Cooke, an,l J. t. Me a„d E. F. Rnrta.n f„„n,f „ la'iiotratinK radiation 

m the low,.r atin. Jir,.aumuhly denv,.,l from radio.a(.t,vi. aiihatano.a near the aurfacc 
of the earth. J. Elakr and fl tieiU'l al,uwed that a bar,' wire exjioaed to the atm. 
w ,L ’ h'ru'loally l>..,.,oi,„.8 ,oal..,l with a radioactive depoait 

wh„,h H. A. BinnaU.ad al„.w,.d to , . 01 , 8 , 8 ! .d eary,,,;; |,r„|,ortiona of einanalions 
derived from radmn, and Ihonum. 'I'hey van !«. . oil,., t,.,i from atm. air, (i) by 
abaorption on ebareoal ; („) by lumb.iiaatioi, at a ten,,,. li,.|„w ■ or fiii) bv 

depoeition on a.'onduetor f.batKed U, a I.iyl, n,.«at,v,. ,,„t,.ntial, A. S. Ev’e eati.nate'd 
that an amount of emanation corrc.sponelmg with 80/ io <rrms radium oer . nhin 
metre of at,,,, .dr, ami ... Sa,ter.y«a'v.. ,l«, .,11 «r,„., of r^mb.m.^ I'HZ .,:,t 

G. C. Asliman femnd the \aritttions from day to day range from 45xlir i 2 ^ oQO 
XlO ‘-gnna. ,,ereub,e ,netr.. ; A. S. Eve fouml the {ar.al,,,,, to b,. 1 to 7 Overthe 

MxlV'lmnH V m 'i^" T“"' '"■7“'-'" «'»!H‘ctively 

33x10 12 and 1 . 1 x 1 ) grins, p'r .-uI.k. m,.|re. Thu.,, the emaimtiona are found 

mote varticiilarly m tlie atiii. over land than over tlie .s,.,,. Theae emanations ate 
more abundant m ininea and eel ars than m oia n air, and they are aaaunild to be 
derived by diffuaion from tin radiom live mattera in the earth, and thia is in agree- 
ment with the fae that the radioactivity of d..ep.*.« water ia greater near the bottom 
than near the surface. 1. Henrieh inv,..Htigated the radioactivity of the iraaes from 
various sprites -Oaatein, Carhabad, and Wieabadeu ■ ,iml found them iifore radio 
active than the spring water The radio«, tivity of ga.s,..s from thermal springs has 
studied by F Curie and A. Laborde, H. Maehe, A. Herrmann and F Pew-ndorler 
C. Moureu, eUi. R. Nasmi and co-workers, and E. Sarasin studied the radioactive 
gases from Tuscan suffioiii ; and J. Elster and H. Geitel, the gases from deen 
boriiigs. In 1906, 1>. Langevin discovered the presence of a comparatively small 
number of slow-moving massive ions in the atm. ; they are more abundant in towns 
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than in the open country. H. Kolhorster also found the,oxi8tencc of an extn'inely 
penetrating radiation in the atm. A part, of this radiation ia supposed to Im* derived 
from the earth because it decreases with elevation up to about i'5 kiIomet^'a ; but, 
from this level uj^to If kilometres, as far as it has been b'stetl, the ionization 
increases very rapidly. It'is therefore inferred that these })enctrating radiations 
come from outside “apparently the sun. 

C. T.^. Wilson 1- found that radioactive matter i.s carried down frotn the air 
by i;^iin;*and he isolat'd therefrom a radumi tive prejuiration. The radioactivity 
of freshly fallvn snow Wivs established by S. .1. Alhui. J. (\ Mcljcnmin, (\ '1'. H. Wil- 
son, H. A. Bumstead, A. Bighi, (J. Constanzo and V. Negro, etc., and a radioactive 
preparation isolated. A<‘cording lo J.‘ Jaufmann, .snow contains railium and thorium 
emanations, (iround-ice is' also radioactive. K. Himstedt and .1. i\ McLennan, 
found fregh jietroh'um is very radioactive in virtue of a dissolved radioai tivc emana- 
tion ; but that which lias been distilled*was found by E. F, Burton to be no longer 
radioactive. 11. Mache and S. Meyer, (}. (lelilhotT, and (1. S<‘verin and A. Ilur- 
iniizcscu have studi<‘d th(‘ radioactivity of deposits and s<‘dimcnts fr<mi H]>ring wab‘rs. 

Cosmic jiarticles found on the floor of the ocean have been c.xainined by .). ,IoIy 
to find if radium occurs in (‘.\tra-terrestrial regions; but he found no marked evidenco 
of railium th<Tein. None of the well-d<‘line<l spectral lines of radium has been 
identified in H. A. Kowland's measurements of tlie .solar s))cctral lines. F. W. Dyson 
reportc'd that there are a few indecisive lint‘s in the sjxMdrum of^the solar chromo- 
sjihere wliich might Is'long to radium. II. (Jiebeler detccbal radium and its emana- 
tion in the sjx'ctrum of the star Nova geminoruni '2\ and M.* B, Snvder also 
reported radium in the sjiectra of sjiiral nebula* and of .star clusb*rs. 11. Bongards 
believes a nulium emanation b* lx* a minor cornjionent of the solar material rays. 
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§ 4. The Properties of Becquerel’s Rays 

The Becqiierel rays from jiitchblende have the same |)roj)orties as tlio radia- 
tions from radium ; they pn)duee similar elTeets, but the latt^'r act (jver a million 
times more intimstdy than the former. Radium radiations ioni«(‘ the air through 
which they ])as8, and, as J. Elster and 11. OeiUd i have shown, the electrical dis- 
charge ptiascs more freely through the ionized air; brush and spark dis- 
charges pa.ss into a glow discharge. P. C’urie,2 A. Uighi, II. Hecquerel, (t. .faff6, 
(’. Bohm-Wendt and K. von Schweidler, H. J. van iler Bijl, T. Bialohjesky, 
If. Cireinaeher, J. C. Melvennan and I). A. Keys, A. Zaroubine. found that 
many liquid iusulator.s acquire to a greater or less d<‘gree tin* p(fwer of conducting 
electricity when exposed to the influence of radium radiations ; ‘this is th(‘ case, 
for instance, with (‘arhon disulphide, petroleum eth<*r, carbon tetraidilorhlc, benz(*no, 
li<piid air, vaseline, amvlem*, paraftin, etc B. Sabat found that the conductivity 
of highly .purified wat^'r is not apjireciably alTeet.<'d by jS- and y-rays; hut 
F. Kohlrausch found the conductivity is augmented OdlxlO * times by the 
action of radium radiations. The ionization of solid dieleetries hv Beeipierers 
rays was found bv H. Beccpierel, and demonstrated by A, Highi, T. Bialohjesky, 
B, Hodgson, W. Hietrich, A SchapoK<‘hnikoff, and JI. Greinacher. According to 
A. Becker, shellac, mica, and rubber become conducting under the influence of 
these rays ; the ('onduetivity of .seh'nmm was found by F. Himstedt, and K. Bloch 
to be augimmted ; B. Sabat, and It, J’aillot huind tliat the resistanee of copper, 
iron, bismuth, ]»latimim, steel, and brass is augmented by exposure to tluww rays, 
and it diminishes when the rays are n-moved. .1, Trowbridge and W, Rollins 
det<*ctfMl no influence on aluminium. N. Ilesi'buH studied the action of ra<lium 
radiation.s on contact electrieitv ; and N. (b'orgicw.sky, on the speed of cooling of 
a hot body. J. ,1. Thomson foiiml that, like catluale rays, and ultra-violet light, 
radium radiations mi air sjit with moist un‘ eause the condensation of water, 

M. S. Curie '■* found that j ►reparations rich in radium salts glow with a faint blue 
phosphorescence ; tin* greater the dcgrci^ of Jiurity of the prejiaration, the* more 
intense the luminescence. W. Marckwahl eoncluded that the luminc'scenco 
decrease-s as the degree of purity increases ; he said that highly juiritied radium 
bromide has but a feeble luminesci nce. An contrairc, O. Hbnigm hmid said that 
molten purified radium chloride or bromid** luminesces wj strongly that it cAn lip 
seen in daylightws a faint violet-blue glow. 8. Meyeaund E. von l^ hwcidler found 
that cooling to the temp, of liquid air has no influence on the luminew^mce, M. tS. Curie 
observed that the colour of the [iliosphorescent light l>ee,ornes more violet with the, 
lapse of time. The luminescence diM-s not always disajijwar immediatedy the 
source of the rays is removed. H. Riichardt and G. Berndt observed the action of 
a-rays from radium on phosphorpsc,ent strontium bismuth phosphide. H. Hersz- 
finkiei and L. Wert+^nstein studied the tracks of the a-partieles which make a 
grazing impa<;t on a zinc sulphide screen, 

E. Maiaden found tlic luminescence with a Hanijile of zinc blend6» exposed to 
radium radiations, attained a maximum aftiT 20 minutes* exiKisure, and vanished 
rather more slowly when the exciter was removed ; with willcmitc the. maximum 
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is quickly attained and it^ likewise quickly vanishes. 8. Meyer and K. Przibrani 
observed the after-lumine8(;ence pc'rsisted for some hours with certain samples o 
flmniiwr, kniusitet and Iceland spar. F. Oicsel said that the action with anhydroiw 
radium halide is decreaw'd when wat-er is present, but the iintensity is 
when the preparations are dried. • thin, luminesce faiiltly, althtyiigh it is difficult 
to distinguish between the luminescence of the soln. and of the walls of the 
containing vessel ' ^ 

H. Becf^uore/, R and 3f. S. Curie. F. Giesel P. Hary, G. T. J^eilby, J. Hor^firiann, .etc., 
noted the intense Jiiinineseenco produceil by rndiuni radial ion.s on adularia,(blue). apatite 
(ffreen to orange), bariurn eyanoplatmate (ffreoa), ealcite (rose), cenissite (blue), colemanite 
(blue), diamonds (blue), fluorspar (blue), foulente (bha*), greenockite (blue), Iceland spar 
(roHti), kunzite (rcfl to oranj^e), inaKnesiiiin eyanoplaf inale, rniUcnte (green to orange), 
native sulnhur (l)lue), ortboelase (blue), peetolito (orange), quartz (blue), rhodonite (blue), 
njck'salt (blue), saf»pbiro (blue), sebi'eliO' (blue), sparteite (orange), uranyl sulphate, wille- 
mite, vvollastonite (orange), zine blende (yellocv), zircon (l>lue), etc. Less intense i.s the 
lumineseence with ninlilygonite, aini'thyst, anaJcime, anglwite, anhydrite, Bpo|)by Hite, 
aragonite, autunite, barytes, beryllonite, IsTtraruhte, brewsterite, bnieite, eapbolite, 
eostor, ebubasite, efelestine, edlbngtoruie, gypsum, hunnotorae, heuluiulite, jamesonite, 
kainite, lonarkite, lea<ibillite, Imarite, iniinetesite, inontebraHite, natrolite, ojial, potash 
alum, prehnite, pyromorjihite, quartz (smoky), ruby, scolocite, seneite, serj>entine, sodium 
nitrate, spo<lumen«’, stilhite, strontianite, tourinahne, thenardite, withcrite, zincite, zircon. 
Among other lummese«<nt suhstanees are salieylarnido, and salieylaU’S of zinc and the 
alkaline earths; salts of (|uirune ; I'arhon disulphide, petroleum, glass, pa))ei“, gun-cotton, 
animal skm, hlood, horn, nails, saliva, etc. 

W. nml M. Ii. Huggins found that the weak ]>hosphoreseent light of radium 
showed the band HjiiTtrum of nitrogen. This ha.s been traced to tlie action of the 
a-rays, either in free nitrogen clo.se to the rudiuni, or in tin* nitrogen ocihuh'd in 
the radium comiiound. The vioh*nt collisions of the «-parti( les from nyiium with 
the molecules of the gas in its path set up vihration.s winch give the characteristic 
speetrum of the gas. This unusual result, says K. Kutherford, is the lirst example 
of a gas giving a H|ieetrum when cold, without the .stimulus of a strong eleetric 
discharge. H. Walter and R. Pohl found that the atoms of nitrogen ajipear to be, 
more easily stimulated than those of any other gius yet eNamiiied. F. Himstedt 
and G. Meyer give doTT. ddTl, dd()0, and dloh for the wave-lengths of the lines mi 
the spectrum. W. Crookes, and .1 Dewar and J*. Curie .said that tlu' s])('ctrum is 
not observed if the lumine.seent radium .salt i.s eoulined in an evacuated vessel. 

J. SDirk, W. Marekwald am I K. lb ‘rmann have nl.so di.scu.s.sed tins .subject 

Native substances which exlulut thermo-lumineSCence los<* this (juahty when 
they have been heated a long time, but the propertv is restored by exposure to 
radium riuliatiuns or to eatliode N-ravs Thus, W. IVenkle restored marble 
and apatite ; H. Heequi'rel, fluorspar ; G. Kunz and (' Ihiskerville, clfloropbaiie ; 
and S. Meyer and K. Przibram, kunzite, lluorspar, and bsdand sjiur. Some sub- 
stances which do not exhibit thermo-lunnneseenee, acquire this quality aft,er exposure 
to radium radiations— c 7. hrowiu'd gla.ss ; and quartz. Various borates also show 
thermn-lumincseence afb’r exjiosiire to radium radiations, or cathode rays. 

bl Na or Ha Ha Mk Sn Zn or Zr X’l Or of Mn , 

rishlish-orange given orange-yellow riihy-red hlu«' white r()«e yellow 

M. 8. and P. (hirie. noted that when glass and porcelain are exjiosed to radium 
radiations, they are coloured violet or brown ; the coloration depends on the 
composition ; glass containing manganese apjiears violet. The dLseoloration 
persysta after the source is removed, but if heated to the original colour is 
restored and the change is attended by thermo-luminosi'ence. The action has been 
discussed by M. 8. Curie, R. Lucas, W. Crookes, 8. C. Lind, N. Georgiewsky, etc. 
Didymium glass, according to C. Ba.skerville, becomes roee^loared. Many minerals 
are disoolonred by exposure to radium radiations. 

A. Miethe found numemiw gem-stones are discoloured by radittm radiations — diamond, 
sapphire, etjienUd, ehrj'sobt'ryl, topaz, tourmaline, etc. Dark-coloured sapphires, ruby, 
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and dark-(H>lourBd tourinalinoA aro not changed. The a(‘tum of nuiiuin radiafiuna on 
different minoralK and salta has been studii’^ by K. GohiSlem, K. Uietw*!, S. Skinner, 
\V. Aekroyd. etc. -molten (juartz beoonK'a dark brown ; roiw ijuarU, aiuoky quarts, uiui 
citrine becoino dark brown; topaz lH‘«MmH>s onuige yellow ; amethyst, darker violet, 
sapphire, bro'wnisli'^ello>^ ; ruby, dwin'r m etdour ; Iceland spar, citron-yellow; and 
zircon, reddish-brown. JiukH'iiito luid wiileiuile are scarcely changiHl ; kunziU' becomes 
green; fluorspar, violet ; bakeliU*, wine-n'd ; bar\tcs, blue; banuiu cyanonlatinate. 
yellowish - brown ; zinc Hul^ihide, jellow; hcniimorphite, browTiish-yellow ; iitmunth, 
reddens sulphur, givciush-ji ellow ; rock-salt, blue; nfen’urous sulphate, brown; and 
{lot^uiiik uranjl sulphate, yellow; etc. The iwtuui on some salts of the alkalies and 
alkfiuine cartlus is shown in Table 11. 
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the iiltniimcroscojie, partielcs of Hmlmin iiuild be iletected jii diseoloied sodiinu 
cliloride. (Tohlstein found the liiseoloration is more inteiiM’ if the niiliHlanee 
hits lieen pre\ iouh1\“ hi'iited or melte<l K (Jiesi'l found the colours mav he different 
if impurities are present, d Elster and H. (Jeitel found that when the discolora- 
tion vanishes, the. decolorized salt is photoelectric in ilavlight. N. (Jeorgiewsky 
found that mica shows chromatic jiolarizaf ion changes whie.h ilisappear with heat; 
tvhile gy])sum and Iceland spar change their optual propertK's hut are not dis- 
coleured. N, KgorolT, and C J. Salomoiisen and U. Dreyer found colourless quartz 
liewmcH jdeochroic. P. J.ieiiar<l and S. Siieland, and S Meyer and K, Prziliragi 
observed the ])h#toelectric effect with discoloured kiinz:t-e, fluorspar, etc, W, Crookes 
found that the diamond is partially grapliitized. 

According to .M. S. Curie,'* the cffci t of radium radiations on a pliofograpliiii 
plate is similar to that of light. The photographic action lias hccii studied by 

J. IVtri, G. W. A. Kahlbauni, C. Honacin, »S. Skinner, U. Jlehn, H, Stroud, S. Kino- 
aliita and H. Ikeuti, M. Reinganurn, VV. Miclil, E. Rutherford ami H, Geiger, 

K. Miihlestein, S. Meyer and V. I’aneth, W. Makower and H. I\ Walmsley, 
R. U. Salmi, F. Mayer, etc. 

The formation of ozone by the action of o-rays outaide a tliin glass bulb con- 
taining some emanation, or in the neigh Iniurhooil of a cone, riwiiuni preparation, 
can be detected by its odour. K. Kriigf^r also found ozone t^i be formed .by cathode 
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WVi. Id either caae the pzoaixation is considered to be P , 

the fonner case by a-rays, in the latter by jS-rays. R. A. Millikan an co-wo 
•bowed that the ionization of some common gases— «//. oxygen— by a-rays res 
in the removal of one clexjtron per mol. 8. C. Lind assunjed aecluster oi lOM are 
formed about a charged atom or molecule, which, on b?ing electrically neutralize , 
would break down into the highest stable polymer— ozone in the ca^ of oxygen. 
L. B. Ix>cb, and E. M. Welliwih doubt the formation of cluster-ions. The nwclmmsni 
of the ozonization of oxygen has been di/fciisM^d hr IV'. W. Strong, and E. K. Rideal 
and J. Kuiiz ; while the formation of triatoniic hydrogen has been investigated by 
0. L, Wr*ndt and it, S. Landauer P, and 8. Curie, and F. Giesel found that ail 


and arc ozonized by radigni radiations. ' According to S, C. Lind, the 

radiations from a gram of radium form ()'72 grm. ozone per hour. 

According to 8. C. Lind, t/ie, chemical activity of the a- or P-rays is to be aUributed 
to their kinetic cnerijy and ionizimf /xuccr, mU to their own charges^ which, in com- 
parison with the, secondary chnryes produced, are wholly insiynijicant. In nearly all 
the reactions brought about by the a-rays, there is an approximate statistical 
agreement iK'tween the number of ions generated, and the number of molecules 
acted upon. F. Oii'sel and (I. liodlHnd<*r, and \V. Ramsay and F. Soddy found 
that the Wftt6r in which a radium salt is di.ssolved i.s decompost'd, forming hydrogen 
and oxygen and, according to W. Ramsay, the a-rays an‘ the agent which evokes 
the decomposition. VV. Ramsay ami A. T. CaimTon showed that the rate of the 
reaction is proportional to the (|uantitv of emanation j)r(‘S(Uit ; and that each 
atom of emauatiAn as it disintegrates ])roduces the same amount of chemical action. 
ConvcTfk'ly, W. Ramsay observed that a gram of radium gives 32 c.c. of the detonating 
gas in 1(K) hrs. A 5 per c<'nt. excess of hydrogen is produced — he said that tlie 
excess is not exj)lained by the oxygen having oxidized something, nor is it probable 
that the excess hydrogi'ii is produced by the decomjiosition of radium itself. It is 
thought that the, first stag(‘ of the reaction involvi's the formation of hydrogen 
peroxide : 2liaO lL^ II 2 G 2 . According to F. L. Usher, a gram-atom of emana- 
tion decomposes about ir>4,()(K) mols of water. The subject h!is bi'en studied by 
A. Debierne, W, Huane and 0. S<‘beuer, ('. Rungc ami G. Bodliinder, K. Bergwitz, 
F. L. Usher, A. T. Cameron, M. Kernbaum, H. B. Baker, K. yon Korbsy, cU. 
Owing to the decomposition of water by radium ]>rc])arations, the preservation of 
moist samples in si'aled tubes may end in the bursting of the tube. A sealed tube 
with dry samples should liave a pieee of ])latinum wire sealed in the w’all to dissipate 
the accumulating yiositive charge. B llavis and C. \V. Edwards, A. T. Cameron 
and W. Ramsay, 0. 8<dieuer, and S. C. Lind found that with a mixture of hydrogen 
and oxygen gases, some water is fonm‘d- y.v.- and A. T. Cameron and W. Ramsay 
and W. Duuni' and 0. Scheuer noted that water vapour is but Sflightly decomposed 
by the a-rays, 2Ho() ‘iHj. [ (L. They also noted the deeomposition of ice. 
H. J. H. FenUm sh<)wc<l that the sp^'cd of the deeoin})osition of hydrogen diozide 
is accelerated by radium radiatums t-o twice the normal speed. M. Kernbaum 
■ showed that the amount of hydrogtui peroxide formed in w'ater is cq. to the deficiency 
of ox^ygeii in the gaseous pnwluet. He said that the jienetrating radiations result 
in tRe exclusive formation of hydrogen peroxide and hydrogen. M. S. Curie, 
A. Kailan, and M. Kernbaum ..lade e.stimates of the energy utilized i» these reactions. 

8. C. Lind foun<l that hydrogen &nd bromine unite to form hydrogen bromide 
when ox|)oaed to a-rays. The reverse reaction, the decomposition of hydrogen 
bromide, 2 HBr™Br 2 -fH 2 , also occurs. A. T, Cameron and W. Ramsay noted 
the decomposition of hydrogen chloride, while M. Bodenstein, H. 8. Taylor, and 
W. P. Joriswm and W. C. Ringer found that the reaction between hydrogen and 
chlorine- is accelerated by radium radiatioi\s, but they noted no such effect 
with hydrogen and oxygen. Although a mixture of hydrogen and chlorine unites 
under the influence of radium radiations, hydrogen chloride, hydrogen bromide, 
and hydrogen iodide are decomposed. These reactions have been investigated by 
A. Kailan, M. 8. Curie, W. Ramsay and A. T. Cameron, F. Giesel, J. Pinnow, 
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H. J. K. Creighton and A. 8. Hack6niie» H. 8. Taylor. F. Gieael observed that 
iMUdimi dlkcida which contains some radium chloride is spontaneously decom- 
pos^t and some chlorine is given off ; similarly with the bromides - -on)ne and 
barium oxide arcjforined ; some chlorate or broinate may also b«‘ produced. In 
aq. soln,, F. Giescl noted^that, owing to the action of the liberated bromine on 
barium hydroxide, some hy}K)bromite is formed*. F. L. Uslier studied the decom- 
position of ammonia by, radium emanation. The reaction was attributetl to the 
p-partiqles. E. E. Wourtsol, and S. C. Lind also ibvestigatod the reaction. ‘ No 
defkiite tjvidence of the formation of ammonia from a mixtun* of hydrogen niul 
nitrogen wa8.obst‘rved. E. E. Wourtzel investigated the decomjiosition of hydrogen 
snlphidOt and of carbon dioxide ; the last-named n*action and the decoinpt)sitiun 
of OUbon monoxide were also inveHtiguU‘d by A. T. Cameron and W. Ramsav. 
E. K, Wourtzel found that nitrous oxide is decomptiw'd, N^O Nj. 1 (), or NVO 
-N+NO. G. H. Henderson found that nitrogen iodide is ex])lode(! wlum bom- 
barded by radium radiations 3 or 4 cmS. distant. The result is the same wlien all 
but the a-rays arc screened. 

P. Curie and A. Debieriie, 1), Bert helot, K. Oa'sel, L. Krisclmuer, etc.., have 
indicated a number of cliemical changes produced by radium radiations. Tims, 
monoclinic, sulphur is changed into the rhombic form, and the velocity of crystal- 
lization of the sulphur is alleckd. lied amorjdious selenium is crystallized, and 
the conductivity is affected in the same manner as it is hv light, but to a smaller 
extent. In the prestuice of moist radium salts, the surface of plgtinum is blackened 
owing to the formation of a him of oxide. 11. Becqui'rel found that yellow phosphOTUI 
becomes red ; D. Berthelot, that nitrio acid gives nitrous fumes, and iodic add 
is decompos(‘d ; and G. Pellini and E. Vaccari made some observations on the last- 
named reaction. S. C. Lind observed a slight dei-omposition of potassium iodidC» 
lead iodide, and lead chloride by the a-rays, while lead bromide was not deeom- 
posed. The valency of an clement in its eoinjamnds is ofU'ii reduced by radium 
radiations ; thus 11. Bi-cquerel found mercuric chloride in the presence of oxalic 
acid forms mercurous chloride ; and W. H. Boss, and A. Kailan noted the forma- 
tion of ferrous from ferric salts. W. B. Hardy and G. Willcock found that soln. 
of iodoform m ehlorofonn, carbon disuliihide, cir pyridine in durkness is coloured 
purple by radium radiations owing to the sejiaration of iodine ; the reaction was 
also studied by W. P. and W. E. Ringer. G. Pellini and K. Vaccari said that 
soln, of propyl and isopropyl iodides m iodoform are more strongly influenced 
by light than by radium radiations. G. Pellini and K. Vaccari did not observe 
any reaction between uranyl nitrate and oxalic acid, or b<*tw(‘en SOdium oitro- 
pmsside and ferrous chloride under th«* influence of radium radiations while in 
darkness. * According to V. Henri and A. Mayer, if a colloidal soln. of ferric 
hydroxide and silver be mixed with sodium acetato so that no colloid is precipi- 
tated, but, when exposed to the radium radiations, the positive lailloidal ferrio 
hydroxide is precipitated while the silver is nut influenc’d. R. W. laiwson 
studied the disintegrating action of a- and jS-rays on metals. 

G. Schwarz found that under the influence, of radium radiations, egg-shells arc 
* colbured brown ; and F. Giesel, that jiapi’r is cdiarred, and celluloid becomes 
brittle ; J. B. Burke reported that gelatine is converted into turbid masses wbi<4i 
appear to grow^like living cells, but W. A. 1). lludgd found that the effect is pro- 
duced by the formation of insoluble sulphate from the sulphur dioxide contaminating 
the gelatine. G. Dreyer and 0. Hanssen studied the coagulation of albumen by 
radium radiations; A. Fernau and W. Pauli, proteina — lecithin and cholesterol, 
W. B. Hardy noted that soln. of globulin change in colour and viscosity when 
exposed to Becquerel s or to a-rays. The action of these radiations on various 
organic oomponnda has been reported by J. J. 8udboroi4;h, Isird Blythswood, 
H. P. Martin and W. P. Morton, D. Berthelot, W. Ramsay and W. F. CVioke, 

P. Mesemitzky, 0. Flaschner, H. Becquerel, A. Kalian, C. Hoelter, W. P. Jorissen 
and W. E. Ringer, E. von Knaffl-Lenz and W. Wieckowskv, W. Cospari and 
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C. Ncuberg, etc. Vasdine and Infoicailts, employed for stop-cockB and stoppers, 
may be changed into hard substances, and the cocks and stoppers are then 
moved with great difficulty ; caoutchouc becomes hard and brittle ; and ebonite 
is profoundly altered. A. Fernau studied the action of radium radiations on 
lUgar and agar-agar. F. Sekera discussed the bearing af colloid chemistry on 
radioactivity. 

According to F. Cliestd,* if the eyes be closed, and a Uibe of radium bromide be 
held near the forehead, the retina of the eye becomes pho.s|)hore8cent, %nd light 
will be seen though the ey<‘S are closiid, A tube containing a little radiuni broBiide 
when held near the skin for a few hours products painful sores. CWrpillars and 
other small animals are said to be killed if shut up in a box with a minute fragment 
of radium. It is also claimed that the exposure of malignant .skin diseas(*s, superficial 
cancer nodules, etc., has proved beneficial in many ca.ses, although tin* testimony 
of medical experts is not unanimous.^ . 
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^ 6. Analysis of the Radiations from Radium 

The coni])lpxity of the radiationa from radium ia illustrated by the following 
facta : A few ahoeta of jia[K*r or a aheet <d aluminium foil about U'l mm. thick will cut 
off a large part of the radiationa, and a sheet of lead, about half a centimetre thick, 
will cut off nearly all the radiationa. A residuum still remains un.su})ijres8ed even 
after paaaing through 15 cma. of lead or through a far thicker block of iron. Hence, 
thera^tions fromradiom arenot homogeneous. Again, the radiations from radium 
are not affected in the same way by a magnet. Some of the ra}'s are not influenced, 
for they do not bend when j)lac<‘(l in a magntdic field, these are ealli>d the y-rays, 
those rays have the greaU'st penc'trating pow«‘r ; others are bent towards the magnet, 
and are called the jfl-raya ; while others art' bent awni/ from tin* magnet, and ate 
called the a-rays ; these rays have the least penetrating power. There are thus at 
least three distinct types of rays in the radiations emitted from radium salts : 

1. Alpha rays. - 'uie a-ruys are slightly bent by int«*n.se magnetic forces.^ The 
deviation is small and reijuires an intense imignetie field, so that at lirst the efleiit of 
the magnetic field ou these rays was overlooked, K. Rutherford and co-workers, 
M. S. Curie, etc.,'*^ have studied the behaviour of the a-rays in the electi^static field. 
The results show that these rays carry a positive cluirgti. Th6 general properties 
of the a-rays correspond with those of the canal rays in a vacuum tube. The ex- 
j>eninental evidence leads to the inference that the a-rays are streams of positively 
charged atoms projected from radium with a velocity approaching 20,000 miles 
l)er second. F. Cliesel ^ showed tliat the impact of a-rays on Sidot’s blende produces 
a stnptUlating effect which J, ElsU'r ami H. Geit<il, and W. Crookes observed through 
a lens, and found to be compounded of a number of distinct flashes of light. 
The emission of a-partieles •from radium salts can be illustrate'^ very neatly by 
W. Crookes* spinthariscope. A small fragment of a radium salt supported at the 
tip of a wire (Fig. 3), in front of a screen, coated ou the inside with zinc blende, 
ia viewed in the dark through a magnifying eyejiiecc, which is focussed on to the 
screen by sliding it up or down the tube. Flashes of light are continually scintillating 
on the screen. K. K. Duncan likens the effect to the appearance of a swarm of 
fireflies on a dark night. The scintillations arc caused by the rain of a-particles from 
the radium salt on to the screen. Each impact is marked by a flash of light. 
E. Regener showed that each a-particie. produces one flash. F. H. Glew observed 
a sdmilar effect with the diamond in place of Sidot's blende. £. Rutherford and 
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1. Geiger devined a method of counting the a-particle« hastMi on this effeot- 
nfra for an analogous electrical method. The effeeta of the magnetic ami elm tric 
lelds on the motion of the a-rays have enabled their velocity ami chargi" to be 
alculated. The eaalier obaervations wen' made on non-homogeneous raya, and art^ 
herefore rougher approximationa than the results of the latter work.* For the ratio 
/m B. Rutherford obtaimni 
l*lXl<>*, and for the veltK'ity 
Y, 2'5 cms. per sc'c. ; 

I, ^ Mackenzie obtained re- 
pectivelv e/w, 4 6x10^, and 
K=l'3xlO» to ‘iOxlOB cms. 

)er sec. ; and T. Descouilrcs, 
r/w, 6-4 X 103, and 1' - 1 65 x lo^ 
cms. per flee. The best repre- 
sentative value for vim is 
4'8xl03 electromagnetic units. 

According to E. Rutherford and 
H. Geiger, the charge c on 
a single a-particle is l) 3x 10 “*^ 
electrostatic units; and E. R'gi'iier obtaim'd v 0f)8\IO elect roslatie, units or 
3*18 X 10 ^ electromagnetic units. A (piantuin of energy according to tin* (juantum 
thcorv'^ is between 4 65'* 10 and 4*77x10 eleidrostatic iimts Hence, tiie 
a-particles from radium have two sueh eharges ; and m varies from 6 43 x lo grins, 
to 6'5y X 10 grins. The mass of a liydrogen atom is 1 (16 x Itt grins. IfiMiee, the 
ma.ss of the a-partiele is four times that of the hydrogen atom. It is tluTcforc 
inferred tha^the a-partieles are atoms of helium, each carrying two positive charges. 
This conclusion was continued by direct e.xperiment- »vdc ntjhi, Fig. i. The 
kinetic energy of an eject'd a-particlc is about 5 0x10 * ergs. The tital kinetic 
energy of the a-ravs can be caleiilat'd from the number ti of partieles euutteil by a 
gram of radium jier hour, t)ic ma.ss, m, of the a-particle, ami the velocity V since the 
total kinetic energy is then luinV-. 

I .E. Rutherford and 11 Geiger devised an el«‘(!trieal method for Counting the 
a-particles emitted by radium. A small di.se with a litth* <'manatiou was li.xed to a 
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small iron cylinder and j>lat:e<l in a long glass cylinder Fig. 4. Tin- jioHition of the 
radium disc could be adjust'd by means of a magnet. This chamber called the 
finng chttntber — had a small mica window opening into a brass cylinder with ebonite 
ends and fitted with a ctmtral wire, R, conneetjd with an clectromet:r. The brass 
cylinder was exhausted, and it then forms the target or dfiecJivcf chamber. Jt was 
found possible to mJjust the conditions m that two to live particles per minute passed 
through the mica window and upset the electrical equilibrium of the testing chamber. 
Each particle swnallcd its arrival by an unniistakalfle jump of the needle of the 
electrometer. The needle can be arranged so that its movements are recorded on 
vou IV. 0 



82 INORGANIC AND THEORETICAL CHEMISTRY 

ft chart (Fiff. 5). Each jiimp represents the arrival of one particle in the “ detecting 
chamber. ” Some of the jumps show that two particles sometimes arrive simul- 
taneously or almost simultaneously. Given the size of the window and the distance 
of the source of the projectiles, simple arithmetic furnishes the number shot per 
minute in all dirf‘ction8 from the radium emanation. * Tile results were consistent 

with those obtained by 
counting the number of 
scintillations ‘j)rod need 
per minute wlu^n a 
zinc 8ul]jhi(Ie screen' 
was u.sed as a target, 
and show that about 
3 4 / l()Jo to 3 57 / l<do of a-particles are shot per second from a gram of radium. 
Ka(;h a-partich' jmsses into om* atom of heiium cide infra. 

The path of tin? ray through a moist gas has been made viHd)le, owing to the 
condensation of wat<T about (he ions ]>rodueed in the track of each a-partiele. 

C. T. it. Wilson ^ has photographe<l the fog so })rodu<‘ed in the tracks of the a-particles, 
and the pliotograjihs make it very plain that the ionizing powi'r of the particles 
rapidly reaclu's a ma.ximum, and then rajiidly sinks to zero as they pass into mole- 
cules of helium. In general, the tracks of the a-partieles are straight lines, but in 
some cases there is an abrupt bend muir the end of their ranges. It is Hup]»o,sed tliat 
this is due to the particle being detlectial from its course as its speed is slackening 
because it eiiedunters the nucleus of another molecule. It is assumed that the 
a-partiele |)asses through all th(‘ atoms it meets, and in doing so loses kinetic energy 
because (i) the track is a straight lin<‘, and (ii) It cannot push the atoms it encounters 
out of its way because these atoms are heavier than it.self, and it meets wjth hundreds 
of thousands. In ordinary molecular motions, two atoms are .said to collide wdieii 
their centres are so far from (‘aeh other that the free path is (>xtremely short about 
10 cnis. The immense speed of the a-particle accounts hir t he difference m th(‘ two 
types of encounter (hie atom cannot be p(metrat/«*d liy anotlier when the mutual 
velocities are small, say, l(i"» e,ms. pi-r see ; but when the.se velocities are, .sav, 
ten thou.sand tunes greater, the atoms are not imjamet ruble. In the latter easiv 
the kinetic, energy is .so great that intense forces ar<i neee.s.sarv to ih'llect the 
(lartiiiles. When an a parti<4e happens to )>a.ss clo.se to the nucleus of an atom 
Muth a large po.sitive charge, the path will be deflected and the ravs .scattered ; 
the iieariT the particle pu.s.s»>s to the nu<-leus. the greater the dellection On the 
Hssumjition that the electrn- force alnnit the nucleus \arieN a« cording to the 
inverse .stpiare law, K Rutherford showed that the a-|»article will de.seribe a 
hypiThohc orbit about the nucleus. Fig 3 (3. 27, 3) The career of tITe a-partieles 
has been investigated at different stages of its flight. At the beginning, 
wdien th«' .sp('ed an<l kinetic miergy are greatest, the j)article does Icasl work m 
ionization. It is supposed that ju.st as a .swiftly speeding bullet can cut a clean hole 
in a nane of gla.ss, while a shiwly moving bullet will .shatter the gla.s.s. .so when the 
speed of the (i-partieles is greatest, they <an pa.ss right through the molecules of a 
*gaa without producing any appreciable effect , but towards tlie end of their flight 
the ionizing power is great^w because of the greater shattering ])Over of the slowly 
moving particles ; and finally the partude rea-ses to ionize the gas and settles down 
to “ ordinary life ” as a helium molemile (or atsmi). The movement of the swiftly 
spei'ding a-particles is obstructed as they pa.s8 through a gas. The damping action 
of different mi'dia on speed of the a-rays is comparatively large, so that the.se rays 
have a low penetrative power. According to E. Kutlmrford and H. T. Brooks,® 
they do not pass plates of mica or glass ()1 mm. thick, nor jilates of aluminium 
005 mm, thick. Working with aluminium .slieets OOOIVI mm thick, and measuring 
the penetration of the a-rays by the ionization produced m air : 

No of plates of A1 . . 0 I 2 3 4 6 7 

Ionization . . . l(K) 48 23 13-6 «-4 25 09 0 



Fi(i. 5. (’hart sfiowing miiveinents of the needle of the 
elect rometiT on the arrival of a-particle.s. 
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The maximum range of the a-particles is a oharacteristi^ of the })arent substance. 
The velocity of the a-particle gradually decreases, but after the particle has travelled 
a certain distance the effects produced -ionization, scintillations, and photographic 
activity — cease abrtiptly. This distance is called the range of the a-particlc in air. 
It is inversely proportional tt) the den.sity of the air. The range of the a-partii^ics in 
air ejected from radium is 3 00 cms., and the velocity l ot) X lO** cms. ]>er s»‘c. If the 
intro<luction of a medium* reduces th(* range to 2 cms., tlui stopping power of the 

medium said to be eq. to 1 cm. of air. From the weight per unit area of the 

medium, say gold sheet, it is possible to calculate the number of atom.s of gold through 
which the a-particles have passed, and the st^ijiping power of the gold atom i‘an be 
comj^ared with that of the average air-atom. H. K. von Traubenberg measim*(l the 
range of the a-rays in solid.s. Wlu-n ex|)rcssed in lU vim. units of length, the results 
arti : 

IJ Cu Ak \II ('« Mu Zii A1 Tl Sn Pb 1> ,M ]>t 

1291 J8-3 19 2 J4 0 78 2 57 S 22\S 24 2 40 0 23 3 29 4 24 1 18 7 I8 I 12 8 

and he represented the results by means of a formula involving at., wt., at. number, 
range, and sp. gr. K. Heil studied the etfect of a-particles on crystals. 

The 8toj)ping power, *S, of a ga.seous iiUMlium for the a-rays is determini'd, not by 
the physical or chemical properties of the gas, but solely by its molecular weight. ‘ 
In general, (he stoppimj power of an eleun'ni w nearly proportiinuil iothe sy. root of at. iri. 
This is the case whether a gas like hydrogen or a metal likt‘ gohl ia involvt'd, and is 
shown by the results in Table III, due to W. H. Bragg. The 4 . wt i.s the one 
(juality of imjtortance. The .stojiping power is not only indepiuident of the jdiysical 


'I’AIILIC III 

• 

Stoi-I'INO iN 

tw nil or 

Klciiunt. 

s' 


Hydrogen . 

•. 0 21 

0 210 

( 'arbon 

0 85 

1 0 24(5 

.\itrogen 

0 94 

0-2.51 


1 0.5 

0 2(52 

.Muniiniutii 

1 19.5 

' 0 287 

.Sulphur 

1 7(5 

0 312 

( hbjrHU' 

1 78 

0 299 

Injn , 

2 29 

0 .307 


Duikuimt Kj.lmi-nt.s roll tjik a Hws. 


Klenient. 

.S’ 

’ .V3*. 

Niek.‘l . 

2 4t 

0 319 

(’opjKT . 

2 4(5 

0'309 

Hruiiuno . 

2 50 

0 291 

Silver 

3 28 

0 31(5 

'I'm 

3 5(5 

0 .32(5 

I'lutmutii 

4 14 j 

0-2»7 

(JoJd 

4 22 I 

0 301 

Lend 

4-27 1 

0298 


state of ai^element, but it is also independent of the i>resenoe of neighbouring 
molecule.s. Chemical a.ssociat ion is of no inqiortamx:. J, L Classon formulates the 
stopping ^()-2b2iV*, where jV is the at. number. W. H. Bragg and W. T. (Jooke 
showed that the additive rule is ajiplicable to chemical compounds, tlw atoppiny power 
oj a molecule i.s proportional to (he mm of the at, wt. of the coniaived aionm, Tlius, 

‘>1 <V«4 f’sH. f’H* 

Observe, 1 . . . 2 Ih7 1437 IIU9 190(1 2JK0 ,J242 

I'aleulafrd , . I. ^,40 2200 1433 J(H8 190(5 2194 124f 

The stopping power is not altogether independ(>nt of the speed of the particle siiK’.e 
the value of the constant is not the same for a-rays obtained in ditferent ray.s, and of 
iliflerent 8|>eed.s. W. Bothe discu.siM'd the scatt«;ring of the a-rays. P, l^enard and 
[X)-workers, A. Kiittenauer, and .1 Kbnigsberger have discussed the general eijuntions 
for the velocity of particles m ga,Hes. 

The kinetic energ>' of the a-particles pas.sing through a gas is exjiended in doing 
wrork. The gas into which the a-particles arc discharged kMoim's a conductor of 
dectricity, and it acijuires a great<‘r chemical activity. The gas is said to be ionized. 
The relative degrees of ionization produced in a number of gases and vapours by the 
i-particles from radium have been studied by B. Rutherford/ W. Bragg, 
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R. J. Strutt, T. H. Laby, R. D. Kleemarm, etc. Representing the effect with air 
Unity, the values with the hydrogen halides are 1*29, and with 

If, 0, H, CO CO, NH, CH, C,H, C,H, C,H,, 

0-tW 108 I'98 1 01 1 01 095 1 17 1«0 1-29 1-36 


Excepting hydrogen, the ionization produced in gases the a-rays is approximately 
proportional to the densities of the gases. 

E. Rutherford, and W. H. Bragg showed that if r denotes the range of the 
o-particlcs yet to be completed, their velocity K where ^ and ^ are 

constants ; and the former found that, as indicated above, the a-par^icle completes 
its range with much of its energy still’ unspent. 
H. Geiger represented the velocity by V^~kr, where 
jk is a constant; and if » denotes the ionization, 
r the range, to be complett‘d, where a is a 

constant, ^’his curve dotted line, Fig. ^—follows 
observations fairly closely. The rate at which energy 
is spent is jiroportional to VdVjdT, and therefore 
to and to the ionization ; so that ionization is 
])roj)ortional to the energy spent. Since the pro- 
duct iV is a constant, it follows that ionization is 
proportional to the time the* a-particle spends within 
the atom ; and also that xonizulion is a consequence 
of the presevee of an a-particle mthin the atom, and 
depends for its amount on the time taken by the 
a-particle to cross the atom. The a-particlcs can 
travel but a few ciiis. before their initial velocity is 
exhausted, and th(;y pass by de-electrification into 
ordinary moleiuilea of lu-lium. In air, for instanoi', H. Geiger, and W. H. Bragg 
found that th<^ a-particle.s from uranium are slowc'st, and they can travel about 
2*58 crus, at O' and 750 mm. or 2*75 cm.s. at 20° and 750 mm., while those from 
radium gave a rangi* of 315 cms. at O ' and 7f)<l mm. or 3 35 a*t 20° and 750 mm. 
R. A. Millikan and co-workers showed that the velocity of the a-rays from radium 
is a different order from that employed by J. J. Thomson for positive-ray anal}*8i8 
iq.v.). G. H. Henderson found that the observed straggling of the a-jiarticles is 
greater than that deduced from the present theory of the passiige of a-particles 
through matter. 



Fjo. 5. Variation of loni/a- 
tion m the 'I’riM k of a Pencil 
of a-rays. 


2. B6ta rays. The jS-rays are readily bent by comparatively 
weak magn(‘tic forces in the opposiW direction to the a-rays; and 
they carry a negative charge.® The general properties of the 
iS-rays correspond with those of the cathode rays of the vacuum 

tube* for they appear to bt‘ negatively charged electrons or 
corpuscles project'd from the radium salt with a velocity ap- 
proaching ItKI.CXK) miles per second. The corpuscles in Crookes’ 
tube travel a little fasU'r than the jS-rays from radium. A 
difference in speed might be expectc'd from their different modes 
of generation. 

The folloVinji oxixTunont - R. J. Strutt’s radium clftck -illustrates the 
character of the p rays. A morsel of a nulium salt is enclosed in a glass 
IT 7 ft’ Fir. 7, coated with a conducting material and ending at the 

r^r rM k iwttom with a brass cap from which hang a pair of gold leaves. This 

IVMlium C lock. jg fitted w'lthin a glass tuljo from which ihe air is exhausted. 

'I'ho inside of ihe tulw is coated with strips of tintoil, 11, connected with 
the earth by the wire, f ’. The j9 rays from the railiura paas through the glaas and leave 
the central system with a positive charge. This causes the gold leaves to diverge gradually 
until they touch the tinfoil, when they are discharged, and the leaves cdUapsc. The 
process b^ins anew. This ohargo and discharge goes on continuously since the radium 
can omit tnoso radiations an indefinitely long time. This arrangement is perhaps the 
nearest approach yet made tx> perpetual motion. The freciuency of the cycle, of course, 
deiiendi upon the amount of radium in the inner tube. 
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The P-TAJB are not homogeneoua, but have widely difitprcnt velooities ; ainiilar 
rerqgrks apply to the value of the ratio ejm. On the assumption that the charge 
remains constont» this means that the mass m is not constant* W. Kaufmann 
ihowed that if tno be*the mass of a particle at n^at. and m the moss whcMi its velixuty 
a a fraction p of the velocity df light, m ^ wid( I ~P^)~^. For /3 -5, m 4 and for 
3—0*9, m— 2‘3mo. For low velocities, m— /«o, and e/m - 1‘77 XlO^ eleetromagnetio 
units, or 5*31 X 1017 electrostatic units; and (oxygen -16). In absolute 

' units^wiio=^)’87C X lO"^^ gnus., and e~ 4 G5 X 10~i® electrostatic units. K. A. Millikan 
^ave wjp— 0 ' 89 g X 10“^7 gnus., and c- -4‘77xl0~i® electrostatic units. These give 
respectively 1*83 xUPi* cms. and 2 (K)XlO“*^ ems. for the radius of the particles. 
F. Lerch di8cusst*d the effect of chemical treatment on the jS-ray activity of ra<iiuin. 

The distribution of the /3-ray8 of diff(Tent velocity has been investigated by 
deflecting them in a magnetic held, and focussing the deflected rays on to a photo* 
graphic pfate. A homogeneous beam uf jS-rays produces a sharp band whose 
position enables the velocity to be calculaU'd. Rays of lowest velocity are d<*fleck*d 
most abrui>tly, and those* of greatest velocity least abruptly. The n*8ult is the 
so-called magnetic s})ed,rum of the P-rays. Usually, then* an^ numerous sharp bands 
or lines on the ])lu)tograj)hic plate as well as a less intens(‘ly marked background 
which is continuous. 

The passage of the j3-partich*8 through malkr is not understood so clearly as in 
the cas(i of the a-particles. It is not etisy b) get a homogeneous beam of jS-rays. The 
velocity of the /S-particles averages nearly Urn times that of the a-f)artich‘s, but the 
mass is so much leSvS, that the momentum and kinetic energy of tin? /9-|»artich*H are 
less than that of the a-})articles. The kinetic ein'rgy of the a-rays is about 3’3 times 
that of the jS-rays. Hence, the jS-partieles are more readily dellecb'd m their 
encounters vaith atoms in their ])ath. Instead of passing through matter in a straight 
line, the path is more or less krtnous. This is shown by 0. T. H, Wilson’s ])hoto- 
graphs ® of the track of tin* ^-rays in air ; the ])hotographs were obtained by a }troces8 
analogous to that used for the a-rays nde supra. If the j3-ray moves ra])idly it 
produces a straight track, but the slower-moving rays have more or h'ss tortuous 
tra<*ks, being dtdlected hither and thith<‘r by collision with the molecules of the gas. 
(' •Itamsauer, and H. F. Mayer studied the cross-sectional area of gas molecules 
tolvards slow electrons. 

The absorption of the jS-rays by matter sometimes follows the simjih* (‘Xjnmential 
law I when* Iq denotes the ionization c.urrent without an absorbing screen ; 

/, the current for a screen of thickness d, and k is the ixaiff. of absorjition. The value 
of k depends to some extent on the observation apparatus, and also on the source 
g»*n«*rating tl^. /S-rays ; with some rays, the absorption curve is only a])])roximaU‘ly 
exponential; in other cases it is additive, / V-|- . . . 1’. L’liard found 

the coeff. of absorption k for the cathode rays was approxiinakly j»ro})ortional to 
the sp. gr. ; E. Rutherford found the law applied to the swifter jS-rays from uranium ; 
R. J. Strutt, for the complex )3-rays of radium. E. Rutherford’s results are shown 
in Table IV ; the ratio kjD varies from 4 4 for carbon to 10*8 for lead. The plotting 
[>f the ratio kjl) w'ith the at. wi/. shows that the variations in the values of this 
ratio are in harmony with the {leriodic rule, J. A. Crowther, H. W. Schmidt, fttc.,, 
found that the ratio kJD follows the additive rule, so that if Ai be the mol. wt. of 
ft compound, and /fj, A^, ■ ■ . the at. wt. of the constituent atoms, Alk/I)-=£{AklD). 
The range of the jS-particles was measured by W, H, Bragg, G. A. Hutlierland 
ftnd L. H. Lamb, etc. The scattering of ^-rays has been studied by H. Gi‘iger 
ftnd W. Bothe, J. A. Crowther and B. F. J, Schonland, etc. The j3-ray spectrum 
has been investigated by L. Meitner, U. J). Ellis, and A. Sinekal. The ionization 
^f gases by jS-rays has been studied by P. Ijenard,^® W. Wilson, etc. 

J. J. Thomson H found that matter traverst^d by a-rays furnishes a number of 
lecondary radiations which he called delta-rays, or 5-rays. It has lM‘<‘n proved that 
/he delta-radiation is produced by slow-sjieed negative electrons which ar<* large in 
lumber compared with the a-particles. 
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TaBLK IV. - ABSORtTION OV ^ BAYS BY ElKMKNTS OF DIFFERENT DENSITY. 
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From Isaac Newton’s jirinciple of action and roaclion,' it follows that when a 
partich' of mass m and velocity v is ejeckd from an atom of mass M, the residual 
atom of mass M m must recoil with a velocity V such that {M~hi)V mv. The 
momentum of an a-particle is much grcat«T than that of a j3-particle, so that the 
velocity of recoil for tlx* expulsion of an a-particle will be gnniter than for exjnilsion 
of a j3-parti<de. The recoil atoms carry a positive charge, and tht'y can be collected 
in a negatively charged plate, Thi.s enables a .separation of some mixturcH of radio- 
active substances to be made.'’'* 



Fio. H. -Diupram- 
riiatu! Analysis nf 
the Itailinm Kadi- 
utiouM by a Magnet. 


8. Gamma rays. - -The y-rays are not atfecti-d by the mo.st inten.se electric and 
magnetic forces. The y-rays do not appear to be material particles at all ; the 
experimental I'vidence shows that the y-rays are similar to, il not identical with, 
Rontgen rays. The, chief diUVrence IS that the y-rays are 
usually more jienetrating than the X-rays, and they havi* a 
shortiT wave-length. A diagrammatic illu.stration of the three 
ty()es of radiation from radium is giveti in Fig. 8 . A piece 
of radium is supj»osed to be jilaced in a lead ve.s.sel, J, 
sutticiently tliick t 4 > prevmit rays travelling through the wiids - 
Under the inlluenci* of an inten.se magnetic held, the rays no 
longer travel in straight lines, but they an' dellectcd, as 
.show'u diagrammatK ally in the iigure It w'ill be ob.served 
that the a-rays and /3-ravs arc alon«' corjiii.scular ; the y-rays 
are analogous with light r.ivs of very small wave-length. 
Their pem'trative power is very intense, and they can 
manifest their presence after juussing tlirough .si'veral inches 
of metallic lead or several feet of metallic iron.^'* K. W. F. Kohlrau-sch 
studied the secondary radiations product'd when the y-rays act on matter. The 
relative penetrative powers of tin' tlin*e types of rays for aluminium are rouglily 
as a : ^ : y lU : U)'** : iDt^. The ]mKsage of y-rays and of X-rays through matter is 
a com[dex phenomenon which has not been elucidated. It involves the production 
,of sfeondary X-rays ( 7 .C.). C. T. U. Wilson found that the tracks produced by the 
Rdntgeu rays closely rOsemWt' those prodiu'.ed by the /S-rays, and it is presumed that 
the Hdutgeii or y-rays excite ^-rays in matter on which they fall, and that the etfects 
produced bv the y-rays are directly due to the jS-rays to vvliich they give birth. 
The ionization of meilia through which tlie y-rays arc passing, has been studied by 
H. Frelinger, V. F. Hess, W. H. Bragg, it. 1). Klceman,^^ etc*. L. de Broglie 
studied the conditions of erpiilibrium between atoms, eleetrons, and radiation 
in an enclosure at a constiuit t<'inp. 

The impact of cathode rays on matter gives ri.se to X-rays ; and /S-rays also 
behave similarly. It is therefore infern'd that the y-rays from radium are 
produced by the j 8 -rays as they escape from the atom. The y-rays produeed by 
Cerent ca^oactive substances differ greatly in amount and in jienetrating power. 
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E. Rutherford explains this by assuming that the tracks of the jS-jjartieles from 
the nuclei of the different atoms outwards an^ differently related witli tlu* surround- 
ing electronic rings. If the ^-particle passes through a region in the atom where 
therti are feeble femes, a weak pulse of the y-radiation \vill be })roduced ; wh(‘rcas 
if the j3-particle travels along a certain critical path within the afoni and sets into 
vibration a ring of electrons, there is a considerable loss of energy which reappears 
as a y-radiation of a wave-length characU*ristic of the disturbed rings of electrons. 
Thw exj^ains the grouping of the magnetic .sjiectrum of the /9-ravs. The con- 
tinubiLs magnetic spectrum is suppofwd to be produced by th(‘ y-rays ej«'eting 
/^-particles of definite intonsitv from the atom. J.. Meitner, and A. Smekal 
discussed the relation between the /3-. and y-rays. 
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§ 6. The Properties of Radium 

KndioHelivity h the lea^t nninagenld*' of natiiral proee^ises. It will not he liuiried or 
eontroiled iValuie keeps the iimniigeiiieiit of tiii.s purtieular <l<‘pai(inei)l m her own liund.s. 
Man vit'Ws the phenoiuenon with hiin;;rv eyes, hut Ins interlej-eine is hnrieil out. He can 
only look on in wonder wlnio it deploys its irresi.stihh' unknown forces Anon. (1907). 

Atxonlitio to M S. (htrie nntl A. Debierne,! rudinin is a littlliaiit while metal ; it 
lilaekoiis immediately on exposure to air, ])OB.siMy owirie lo (he formation of the 
nitride. A jiartule of the metal blackens wlub' ]m[>er as if the latter had been 
charred, Hy e,\tra])olation from the ,sp. or. of ealeium, strontmm, and hanum, the 
specific gravity of raillum is nearly ()•(!. The melting point is sharp at 7<»0 . Radmm 
is more volatile tlian baritim ; and it may be po.s.sdile to .separate the two elements 
by .sublimation. ’ • * 

F. Curie and A. Jaiborde found that there is a eontiiuious emission ofheat from 
radium, so that the temp, of the element and its salts Ls always a little about 1 f)®- • 
above the temj). of its surrounding's. Aeeordinn to M »S. Curie, fre.shly [irejrared 
radium salts, solid or in sola., develop relatively little heal ; but as time goes on, 
more and more heat Is developed until, afb-r about a month, the rate of development 
/)f hfat assumes a stationary state. K. Angstrom ob.served that the rate of pro-* 
duetioii of heat reiiuiiiied eoi^stant during seven nionth.s’ ob.se r vat um.s The month’s 
period of indiietion, so to speak, has been traced to the development of certain more 
or less transient products of the dhsintegration of radium, which are themselve.s 
railioactive. In the stationary state, the rate.s of formation and di.s,sij)ation are 
balanced. F. Curie and A. laiborde found that a gram of radium generaU;s about 
ItX) cals, of heat per hour; F. Curie and .1. Dev^ar obtained a similar result ; C. Range 
,and J, Prcclit gave 105 cals. ; J. IVccht, ll.’i cals , and later 134'4 cals. ; F. Faschen, 
Y^cals, ; E. Rutherford and H. T. Barnes, 110 rak ; K, Angstrom, 117 cak ; 
.m- ^Sehweidler and V. F. He.ss, 118 cak ; W. Duane, 120 cals., and later 104 to 
* ; ^*“1 H. Pettersoii, nO’I cals. J. Dewar found u slightly greater amount 
//k , jjp developed in liquid hydrogen than in liquid oxygen or carbon dioxide. 
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P. Curie, and E. Rutherford, showed that the quantity of Jieat developed ia but little 
affected by the external conditions. K. Angstrom found that neither an electric 
field nor a magnetic field makes any appreciable diffenmee. 

Normally, one ^ram of radium appears to evolve enough vnergy to raise a little 
more than it-s own weight *of waU‘r from f.p. to b.p. every hour ; this amount of 
heat is eq. to 118 cals, per hour, or about KKK) Cals, per annum. It has been esti- 
mated that a gram of radium will continue radioactive for about L’rHKi years, and it 
t he ije fore, follows that a gram of radium gives energy eq. to 5 5 \ 1(1* cals., or to that 
obtained by burning -j-’-ths of a ton of coal during the period of radioactive idiange. 
In other wor(Is, radium furnishes 2 j(.), 0(.K) times as iimcli en«*rgy as is given by burning 
an equal weight of coal ; or, as G. le Ron expressed it : 

Matter, formerly regarded as inert and only able to j^ive l»aek t'liei-j^y oii>finally 8Uppli<*d 
to it, ia, *on the other hand, a eolosaal reservoir of enerj^y infra-alomu; »“iu'r);y which 
it can expend without borrowing anythmg from without. 

Much of the atomic energy of the radium atom is transformed into kinetic 
energy as the a-, and y-rays are ejected ; the energy of the recoil ajqiears as li(‘at. 
The radium which ha.s stood for some time contains other products, riilr tii/'ra, and 
tnking all these things into eoiisideratioii, E. Ifiitlierford and manv lo workers find 
that the kinetic energy of the a-ruvs is I 28 \ lo* I'rgs jier see., or 1 1(> < als, per hr. ; 
that of the recoil action, 2<il cals per hr. ; that of the /J-rays is 8 8 per cent of 
that of th«‘ tt-rays or 418 eais per hr., uml that of the y rays is ri’‘2 per cent, of the 
a-rays or 5 72 eals. per lir , making a total of 122 cals per hr for a gram of rmlium 
in equilibrium witli its disintegration products as far as radium C. 'Die jdios* 
pliorescence of radium was sliowii by W, Duane to have no pi'rceptible iiiHueiiee 
on th(* dev^dojimeiit of heat rn/e radium emanation. 

lienee, radium is continually doing work at an undiminishing speed without 
any external supply of energy ; otherwise i*\pressed, the reaction is exotluTmnl. 
Wbeiiee comes this suiqily of energy ? Jlow does the eontmuous evolution of heat 
hy radium agree xtitli the dogma that heat cannot come fnuii nothing, hut must 
come from some other source f Tlie heat of a stove is (h'rived from the oxidation 
rtf the fuel inside; with rudiuni, it is assumed tliat the uUuiis (or iiKdeeiiles) are 
eontimially changing. If radium be an elenauit, and tlie radium atoms are changing 
into sometliing not radium, it follows that there must be some Haw jii the hitherto 
universally accejited conception of an element 

W. H. Bragg and H 1). Kle<-man,- H (.huger and J M. Nuttall, and E Kuther- 
ford give for tlu' range of the a-particles of radium in air at normal jtress. 818 ems. 
at 0 and 8 8(> ems at 15" ; the velocity in air at 15" I (J Id'* eiiis. ])er see. ; the 
momentui&, o 987 ^ Kri^ ; the kinetic energy, d 791 : Id “ ergs ; ami tin* number 
of ions produced by the absorption of an a-j.urticle bv air, l'5d xld''’\ The radio- 
active constant, y vule infra is dddd84(i (year). E. Rutherford and Jl. Geiger 
estimated the average life-period of radium at 25dd yrs. ; and the half-Ufe period 
at 17fi0 yrs. (vu/e i?fra) ; B. B Boltwood gave respectivelv 288() and 2d0d yrs,, 
which are the b(*st rejjre.sentativ<> values, and B. Keetmanii gave 18d() yrs. for 
tlie half-life period. The parent of radium is ionium (y.r.) ; tlie offspring, radiupi 
emanation (or Alton) and Ih'Iiuim. The nearest anal(Y<m* is barium. When radium 
is freed froru its emanation (g v.) by beating it emits only tt-rays ami fiudile 
^-rays, but no y-rays. Tin* a-ray mtivity of freshly prejiared radinm is but 
20 per cent, of that wlm-h is exliibited by old preparations vak infra radium 
emanation. 0. von Biiyer and co-workers found that tliere are tw(» groups of 
)3-ray8 with the resjjeetive M-loeitie.s d 52 ami d (»5 in O-rms of the vidoeity of light. 
(). Hahn and L. Meitner, and I<. Kol(»wrat obw‘rv4*d that the absorption COeflicient 
of the 3-rayB in t^Tins of ems. of alumiiiiurn is 2d(i. 

The emission of the eor])Uwular radiations from radium and its wnipounds 
naturally suggests that the element is eontinually'Io.sing weight A. Heydweiler * 
reported that 5grms. of a strongly radioactive pnqiaration regularly lost() ()2 mgrni. 
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«veiy 24 hr*. ; but E. Dorn observed that 2'9 mgrms. of purified radium bromide 
did not lose O'fKIl mgrm. in three months’ time ; and he showed that precautions 
against electrostatic effects in weighing preparations of radium. 
W. Wien, assuniing that fi fix lO® ^-particles are lost froiii a gram^f radium bromide 
per second, estimates a loss of l'2xlO~io grins per annlnn; and if 10^^ a-particles 
second, there will he a further loss of 6 XW~^ grins, per annum. 

F. Qieael * found that radium salts impart a carmine-red colour to Bunsen’s 
wme. If this ffame be coloured by barium bromide, and a trace of radium Lromide 
oemteoduced, the barium spectrum, particularly in the red, is masked. The flaniff 
of radium consists of lines and bands. Th<‘re is a fine red Sand between 
wave-lengths 4700 and 0530, in which occurs -a prominent line at 0053 ; there are 
orange-veUow lines at 0349, 0329, 0285, 0209, 0247, and 0210 ; a strong orange- 
yellow band between O3.‘j0 and 013(J, and a feeble one between 6050 and 5900 • a 
° 4L50, 47 IH, 4080 (possibly 4682) and 
4596 ; and a feeble violet line at 4405. C. Kunge and J. Precht observed the^ and 
otner jmoa. It is not known whether the. bands belong to the metal or to the 
nromide. h. Demar^ay examined the spark spectrum of impure radium chloride 
^t prepared by its discoverer, and he afterwards examined a specimen of a higher 
ttegree of purity. The spark spectrum has been examined by C. Kunge and J. Precht 

“I'®'-'' "Pt'Ctrum 

are 6ol3 m the yellow ; 5000, 5010, 5001, 5550, 5502, 5400, 5400 5319 5097 in the 

S’ IT T' “'’f' 47sB;am! in tt 

viofet; of th,m lihoH, only 48J(1 »n,l 4«82 upin ar in the (lame apectrnm. E. Oemarcay 
found two banda m the apark apeetru.n of the eldornfe - ol.e t,etween 4(i2f9 and 

chLZf “ ■“ I'*’'''*''’!'' that they belong to the 

Then «f |dio«phore.s, ing radiiun. 

Ind '•>' b' "-'-rand E. iLehek.O. Berndt 

the are-»pectrum by E. E.xnet and E. ffasehek. The 7a>Am.n 

T“- I "*'■ ajleetral Imea of tho 

of”the radium .!>""( ^ i”' *'"’'‘1”'',’ tbt''*' pairs ; and the stronger lines 

other ehmrtH rth”" the stronger lines of the spectra of tho 

the,Ln d' . ‘ <’f I'acb of the three pairs are 

tho Mnie distance apart for any one element, hut the distanees anart of the linos in 


At. wt. . 
Distauco 


Magniviiim, 
. 24 -3(1 

. 1)1 -7 


CiUdfiin 

401 

223 


StrDutluin. 
S7 i) 
801 


nurium, 

137-4 

1091 


lladlum, 

? 

4858-i units. 


SStrf ? "d""''"": i-b-ted in Fi;r‘'?'hc! 

' to U +l"o5 MsceptihUity of mdium chloride 

Bflrinm t. V I* ^ ^ element is feebly paramagnetic in coinhiimtion 

wittbaZm k-“"|»b»ervat.ons on samples contaminard 

banum are very unrehabic. M. S. Curie found a n,i.KtHre of barium chloride 

rMevlriitHp' P “'^'iT " ‘ T“^'' atweptihilitv of - 0-2IJ x 10-* 

fonn7th«t tf ^ olwervations on this subject ; and the latter 

of the 

^ "'“•‘'^•D'bicrnc. radium dccomiioses water energetically 

and diaaolves for the mjiat part, showing that the oxide is soluble. M. a Curie* 
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deteniuned*the atomlo Wttgllt of radium. Sho found^that 0*0919 grm, of ilie 
anhydrous chloride, whose spectrum showed the presence of Imriiim but faintly, 
gave 0*0859 grm. of silver chloride. Hence, 0*0919 grnj. of radium chlonde 
contains 0 0213 grifi. of chlorine ; or ^15 46 grms. of chlorine unite with 117*5 grins, 
of radium. Hence, the eq.*of radium is 117*5. . If ratlium chloride bo RaClg, by 
analogy with barium chloride, BaCl^, the at. wt. 
of radium is nearly 235. 'The bivalency of radium i 
was con^rmed by the diffusion experiments of 5 

G. von Hevesv on the ajwumption that the diffusion w 

coeff. of theVation of radium chloride is repre- 

sented by r25M*~^ sq.cm, jier day, wdiere n denotes J ala. J __ 

tho valency; and H. Freundlich and G. von j ].J 111 

Ehssafoff 8 obst^rvations on the electric endo.smose | j.q [ ] H 1 I I i I 1 

phenomehon, where the vol. of Inpiid t/ansportt'd J zo 2 5 io J540 
plotted with the cone, of the soln., gave <‘urve8 «r to# l//** out •/>€#. 

in agreement with bivalent barium and magnesium I'm 5t KelHiion the 

salts, but not with sodium or aluminium. Later Atoime WcMKhtH ami the Dik. 
.l..UTiniiiati,.iw by .M. S. ('unr. with pim-r iiiab-riala 
and in larger quantitu's, gave 2*2(5*35; 1. L. J horjie, Kamily of Kleinent«. 
by a similar j»ro<'e.ss, obtained 226*58 ; 11. W. Gray 

and W. Kam.say, 226*36 ; and 0. Honigsebmid, 225*97 ±0*012. Tlie value obtained 
by C. llunge and J. Preeht,^ from spis tral observations, was 258. Fig. 9. 

The salts of radium. M. 8. ('une» said that radium is a liigher homologue 
than barium in tlu' alkuliru' earth family, and it stamls in th(‘ same vertical column 


.Atoinii! Weifihtrt ami the Dik- 
tane(« apart i»f tho S[>(>etml 
Lines of the ('alomm-Hadiuin 
Kaiuily of Kleinents. 


as the alkaline earths, and in tiic same horizontal jicriod as tlu* radioactive elements 
thorium aqd uranium. It is very similar in its analytical properties to barium; 
and R. de Forerand places it in the ehTtroehemieal series between HO<lium and 
barium : C’s, Hb, K, Na, Ra, Ba, Sr, Li. (’a, . . By extrapolation, he eonqiuted 
values for the heats of formation, solubilities, and heatjt of reaction of the halides, 


and th(‘ oxide P.'ls'inay and L .laloustre found radium salts art as eatalysts in 
some o.xidation proees.ses. Radium chlohde and bromide are li^ss soluble in wat<‘r 
or in the eorres[M}nding haloid acids than the salts of barium. (\ K. 8eholl noted 
the formation of the e<)m|)lex salt RaBr2.2BaHr.26H./) in a<’id soln. Radium 
carbonate and sulphate are also less soluble than the analogous barium salt*, so that 
radium sulpiiate is eon.sider<‘d to be 1«>ks soluble than any other known sulphate. 
8. G, Lind and (.o-workers measured the s(»lubihty of radium Hulj)hHt;«' and found 
that if a .soln mixed with barium sulphate* be ]»reeipitated by adding a soluble, 
ttiilphats*, the ratio of barium to radium in precipitate and soln. is the same. The 
salts are nol; isotopic, and the ph«‘iU)m<‘non is therefore called ^m’udomttapy. With 
radium sulphate alone, tlu* mean value obtame<l for the solubility in water at 25“ 
is 2*1 X li)~* grms. pere.c., whieh is about one-hundnMlth of the solubility of barium 
sulphate. The jirewuice of sulphuru' acid up to 50 per cent, lias no appn'ciablc 
inHuenee on the solubility. At liiglsT acid eonc., the solubility incTeases rapidly, 
the data obtained showing that the solubility is more, than twelve tine's as great in 
70 per cent. a.s in 60 per cent. and. With iVi^^'W^dium sulphaO* the soluhility 
increases to 12 (4X Kr^ grms, per c <*. In dil. and sriln^ the solubility im reases about 
50 per cent, when the tniiji. is raiser) from 25' to .35"', and the same increase is found 
when the temp, is raisr'd to 45'’. The obs<‘rved value af tlu* soliilulity of radium 
8ulphaU‘ is in agreronent with that expr*< t4*d from a comparison of the solubilities 
of the 8ulplwrt<*s of ealnum, strontium, and barium. Th<*r«‘ is v«'ry little differenc* 
in the solubilities of tin; nitrates r>f radium and barium. The chloridr', bromide, 
nitrate, c.arbonat<', ami sulpbaO* wen* pn>pared bv M. S. (.'urie. 

Radium broniiile and ehloridr* erysOillize with two inols of water of crystallization 
which is lost at RKP, a<-cording U) M. H. ('urie O. Honigwhiiiid said below 2(KJ“. 
According to the latt<*r, rtwlium ehloridr* melts at tf dull red hr*at without dec^om* 
liosition. L. Kolowrat found that radium chloride melts at about UKX)“, and there 
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u * tramitioD point betwfcn 830° and 920°. M. 8. Curie found that molten radium 
chJoride freeztis to a glassy mass. The vitreous chloride glows with a bluish-vioiet 
light visible in daylight ; in a darkened room, the phosphorescent light is so bright 
that the time can be read from a watch 20 cnis. away. The vitr$oii3 salt glows more 
strongly than the salt dried at 2(Xf. According to C. J. July, radium bromide 
melts at 728"', and if heated to KMX)^ an insoluble glassy residue remains. Accord- 
ing to F. Kinne, dihydrutf'd radium and barium chloridi's are isornorphous ; both 
crystallize in the monoclinic system ; the barium salt has the axial ratios 
« : 6 : c -1'44‘J4 : 1 : l lboG, and the radium salt o : h : c -1’4485 : 1 : 11749. 
M. 8. Curio found that the crystals of radiferous barium chloride assume a yellow 
or rose tint some hours after they have lM‘en pn‘pared ; the intensity of the colour 
depcruLs on the relative proportions of the two chlorides. The presence of barium 
appears to b<; iieces-sary because highly ])urdied crystals of radium chloride are not 
so discoloun'd. F. Kohlrausch and F. Henping nu*asured the electrical conductivity, 

A, of sola, of radium bromide, and on the assumption that the at. wt. of radium is 
225, and the formula of the salt, UaBr.^.Llf./), obtained for soln. with iV-grain-eq. 
per litre : 

N- , 0 05 0 02 001 0 005 0002 0 001 0 0005 0'0002 00001 

A . . 00 4 105-7 110 0 li:i-4 117 1 110-4 120 0 122-7 123-7 

he also determined the tmnp. coeff. of the eondmOivity and found ()-0221 at 18° for 
soln. with 1(124 per cent, of HaBro.'ilU), and 0-0225 for 0-028G per cent. soln. 
The ionif! imdiilijies of the family of elements w«*re Ca, 51-8; Sr, 517 ; Ba, 55‘5 ; 
and lla, 58. Klectrie (mdosmo.se phenomena of .soln. of radium salts have Is’en 
studied by II. Kreundlieh ami G. von Flissafotf ; and the dillusion of radium salts 
in soln., by G. von lleve.sy. K. Fbler, and II lierscldinkel prepared radium azide* 
Ha(N 3 ) 2 , and found it behaves like the azides of th(‘ alkaline earths, (fecomposing 
into tile, metal and nitrogen betwe-en 180' and 250'. For the chemical properties 
of radium and its .salts, rn/e supm, radium radiations. 

Aoe.ording to VV. liamsav, a samjde of rmliiim bromide, RaB.r._,.2H20, lost water 
and some bromine when kept in a sealed tube for some time. 0. Honigsehmid 
found wiien the anhydrous chloride had been kept for two years in a quartz tube, 
the containing ves.sid showed numerous tine eraek.s, and hence quartz is not suitable 
for kei'ping radium ]>r»*parati(>ns. Gla.ss tubes with a platinum wire sealed in the 
walls to di.ssipate the (dectric charge are be.st suited for pre.serviiig samph'S of radium 
salts, T'lie elect ru’, charge, which a vessel aeipiires may be considerable. F. Dorn 
and M. 8. (hirie uoO'd such tubes may givt' sparks when cut with a lile ; and J. Precht, 
and P. li. Mercanton obtained eXjdosious with radium preparations in tubes. 
According to G. Denig^s, barium and radium .salts can be distingui.vhed inicro- 
chemieally since they give di.stinct and deiiiute. salts wdth iodic acid, providing the 
cone, of the salt soln. iloes not e.xceed O'd per emit. 
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§ 7. Radiam Emanation Niton 

K. B. OwuDH * obsiTved sonii^ irregulttritje.s in hin iiieaHurenientH of the nidio- 
activity of thorium compounds, wliioh he trad'd the action of eurrentH of air, 
and K. Rutherford found that the elfeets were due* to the emiHKion of radioactive 
l)article8 of some kind from the thorium compounds. This emanation in like, a gas, 
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Md it csn be carried away by a stream of air ; it can pass through a ooton- 

wool, and be bubbled through aoln. without losing its radioactivity. li. iwrn then 
abowod that radium given off a similar emanation. According to P. and m. o. une . 

Any MubRtanee iiJace^i in the neigh iiourhood of radium acquires a radioactivity ^hich 
peraictfl for many nours and even /lays after the removaP of the radium. This induced 
radioactivity increaaea with the time during which it is exposed to the action of radium up 
,to a certain limit. After the radium in removed, it deereaaes rapidly and tends to dis* 
apiHiar. The kind of Hubstance expowd to the radium is almost a matter of indifference, 
for all Hubatances actjuire a radioactivity of their own. • , 

This induced ;adioactivity has been traced to the continuous evolution of a substance 
from radium which behaves as if it were a radioactive ^as, and which is adsorbed 
by substances in its presence. In his early work, to avoid the hypothesis implied 
by calling the radioactive substance a gas, E. Rutherford, its discoverer, called it an 
enwnation. R. W. Gray and VV. Raiimy called the emanation from radium, nitOD} 
^t -nilenn, shining in reference, to the ‘solid; W. Ramsay and J. N, Collie the 
emanation from radium exmlio ; that from thorium, exthorio ; and that from 
actinium, exactinio. Chemists ap(»ear to prefer the term niton ; physicists, 
emanation. 

The emanation from radium is of almost universal occurrence ; it is found in 
air, Bpring-water, river-wat<‘r, sea-water, volcanic products, minerals, and rocks. 
The occurrence of radioactive sulistunee.s has been discussed in connection with 
radium, and most of these refer to this (‘inanation. The emanation is obtained 
from radium ppeparations which have stood for some, tim<\ Fresh jireparations 
are usually fnio from the emanation. The preparation of. the emanation has bt‘en 
described by K. Rutherford, and by W. Ramsay and co-workers. The emanation 
is expelled by melting the radium prejiaration, or by di.ssolving the preparation in 
a suitable solvent. Tlie emanation can then be obtained by shaking, or boiling 
the soln., or pumjiing off the gases. The emanation decomposes water, and it will 
then be contamiiiati'd with detonating gas. This is removed by sparking ; the 
organic matter derived from tin' lubricants of stojicocks is burnt by passing the 
emanation over heated lead diehroinati' and the carbon dioxide absorbed by soda- 
lime ; th(‘ o.xygen and hydrogen are removed by passing the gas over heated copper 
and cupric, oxide ; the moisture is removed by phosphoric oxide ; and the nitrogen, 
by heated lithium. The miuination can also he frozen by liijuid air and the hydrogen 
and oxygen ]nimped from the .solid. According t.o W. Ramsay, if the frozen solid 
is red, it can be assumed that the emanation is of a high degree of purity. 


If iVj Ix' tho number of Atoms iiuIiaUv prowmt, aiuI A' tl»' immlxir romaining after an 
interval of time I, K. Rutherford h1u)w*hI tliut the velocity of docav (INjdt is proportional 
to the number, N, of atoms present, or \ * 


tlN 

iU 


XN 


( 1 ) 


where A ia a constant ; henoo, tlie /<»«> of decay tn 

N=i\\e-^^ ( 2 ) 

where the constant A is invariable for a pnrtievilor tyj>e of radioactive matter, but varies 
with difTerent typos of nxluvaetive matter, and it has therefore been called the radioactive 
fomtant. Consequently, the law of radioactive change formally resemf>l*»a the law of mass 
action. It is convenient to express the decay m terms of the so-called half-life period, 
that is, the interval requirtnl for the activity or the numlx'r of atoms present to fall to 
half value. Hence, and or 2 or log^ 2— At, or A<=0‘69315. . . ; 

consequently the half-life period, f, or the radioaotivo constant, A, can be calculated when 
the other value is known. Again, the expn'twion A' moans that any atom may exist 

unchanged for any tune from *ero to intimi y ; but after a time t, the number, dN, which 
changes in the time di is i>qual to AAV/, or to \X„e^^*dl ; but each of these atoms has a life 
/, so that the nveraye life of the whole numlx'r is, by the laws of probability, j Xte~^dt between 
aero and infinity, i.e. A"‘ ; or, the average life of an atom is the reciprocal of the radio- 
active constant. A. T. Cameron illustrates the meaning of the term average life employed 
in the study of radioactivity as follows : “If a church at a fixed time contains a number of 
people of different ages, then, given the number of years each j^erson will live after leaving 
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ibe chtiroh, tho average life of the congregation in rtn'koiunl from the time fixed by that 
Buroh attendance.” This ia not. the average life taken from 'the time of birth iummI in 
imputing insurance rates. 


The decay of thr radium I'mauation is coinparativoly slow, measure lumts of 
the average life, and the halfdife period have Ix'eu jiiade. [\ ('urie found ,i DU days 
for the half-life period. E. Rutherfonl and F. Soddy gave .‘I T I days ; A. llumsti'Hd 
and L. P. Wheeler, d‘88 days ; H. Maehe and S. Meyer, d'89 days : 0. Saekur. .‘I'HO 
days; Cf. Riimelin, d lf) days; M. S. Pune, .’V85 days; and E. Riillierford, dS46 
days.* The best representative values of the decay constants in day, minute, and 
Kcoiid units ai^ : 


Half -life period 
Average life 
Kmlioactive constant 


Days. 

Hoiiri* 

Minutx'H. 

MiHHindti. 

3S5 

0 U24 

. 10* 

5 .W . lU* 

:t :i.'t io» 

6T>r> 

1 -aau 

.. 10* 

8 00 ^ to* 

4 so ■ I0» 

0J8U 

7 no . 

10 * 

1 2o s 10 * 

2 osr> -.10 • 


The products of the decomposition of the emanation of rathiim are (i) a particles 
which, when the charges an* neutralized, furnish helium gas : and (ii) a radioactive 
solid named radium A, which aiiheres to the surfaces of Inidies. Radium A itself 
[juickly undergoes a series of changes, so that the apparent product of the tlei’oni* 
[losition of radium emanation is a radioactive dejiosit which is a com}»le.v mixture 
included in the general U'rm ad nr drimslt The railioactivity prodm-ed on inactive 
bodies liv a him of the active deposit is the cause of the imimrd or t rcUnl rndio’ 
aHh'itu discovered by P. and M S Curii* iii connection with rf-adiiim, and hv 

E. Rutherford in connection with thorium. , 

A genetic n'lationship In'tween helium and the radioactive minerals was suspected 
by E. Rutherfonl and F Soddv because helium is occlud<*«l in these minerals. 
VV. Ramsay and F. 8oddy found tliat wh<*n radium 
emanation i9 kept in a si'aled gla.ss tiilx*. it shows 
the spectrum of heluiiii, which graduallv grows 
hrighkr as the einanation decays. One voliinit* of 
the emanation furiii.shes roughly three- \o]h. of 
helium. Further evidence in this connection was 
ob^taiiicd by P. (’urie and J. Dewar, T. Iiidrik.son. 

F. llimstedt and S. Meyer, I'te Radium emanation 
thus decomjioses into radium A and u-rays. 

E. Rutlicrford and T. Royds gave direct evidciici' 
that the aci umulated a-particles consist of helium 
They enclosed some radium emanation in a thm- 
walled glass tube surrounded liy a vacuum jacket, 

Fig. 10. Ei*'h vesse] was gastight; a-rays from tin* 
radium emanation could penetrate the w'alls of the 
inner vessel, hut not the walls of the outer tube. 

By raising the left mercury reservoir, the gas in tin* 
annular space could lx; conijire.ssed in the s]x*ctruin 
tul}e, and there sparked, and examined spectro- 

*sc,opically. In tw'o to six days' time, a gas with 
the spectrum helium accumulated in tin* annular space between the two 
tubes. To show that the helium was not denveil by dtfTusion from fin* inin-r tube, 
the emanation was removed and In'lium siibstitiiteii. No trace of helium could U* 
detected in the outer V(*ssel afO‘r statiding s<*veral ilavs. This and other experiments 
have proved that the radium passes into helium vi& the emanatiou. Otlu i wise 
expressed, helium is one decomposition product of radium. Still further, the 
a-rays are stream.H of positively charged particles, and each partich* carries tVo unit 
positive charges. RiuRnm emanation decomposes, continnously and spontaneously, 
into a radio^ve solid and o^partioles ; each a-partide is an atom of helium 
carrying two unit poaitiye charges. 

Helium, said E. Rutherford, is not to be regarded as a decomposition product 
VOL. IV. H 



l*'n;. 1(1.- J(ti(lu'if(>i’<rH I'Jx- 
j*«-niiicji(. sJiowiiig I he change 
of a particlcH mto lieliuiri. 
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of radium in the ordinary' wnse of the word : rather is it a by-product denved from 
the emitted a-particles. The production of helium is indepradent of the letter 
from which the o-particles have been derived. A. Debierne observed the cfiange 
with a-rays from actiniuni ; F. Soddy, from thorium and* uranium minerals; 
M, 8. Curie and A. JJehierne, and Ji. Ji. Jioltwood and Iv. Jiutherford, from polonium ; 
K. J. Strutt, from thonanite and fdtrhblcnde ; }$. B. Boltwood, from ionium ; and 
E. Rutherford and B. B. Boltwood, from radioleud. • 

J. Dewar found a gram of radium, in equilibrium with the active deposit and 
emanation, furnished IG'J c.mm. of helium at 0" and 7G0 mm. per aftnum. 
B, B. Boltwood and K. Itutherford obtained c.mm. Assuifting that each*^ 
a-particle produces one helium atom, and that a-particles are emitted 

by a gram of radium, then, under the above (conditions, where four emittors of 
a-particles are in equilibrium with radium, 14‘28xHdi a-particles are eraitk’d per 
second, and this is eq. to 1G2-1G7 c nim.j)f helium p(‘r annum. • 

The rate of decay of radium emanation is quite independent of any known 
condition. K. Rutherford found that it is indepeiuhmt of concentration or pre^'tsarc, 
showing that it is n()t aifeeted by the bombardment of its own radiations ; P. Curie 
found the rat(‘ to be independent of the nature and prcs.'sure of .surrounding gas ; 
and In* detected no difleretic** whether tin* temperature be — or 150 ' ; E. Ruther- 
ford observed no ditferenci* in the rate at ordinary temp, and at the temp, of liijiiid 
air ; W. Makower and »S. Ru.ss obtuin»*d the sann* r(*sults at ordinary temp, and at 
1100'^ ; E. P. Atlams, F. VVaIl.sta}»e, and R. B Moon* detecU*d no dilfereiiei* wlien 
the emanati<mfis dis.soleed in ivater, and F, Wallstabe, wln*n dissolved in toluene. 
The fact tliat the rate of decay of tin* emanation is indepmidmt of physical and 
chemical conditions led I*. Curie to sugg<*Ht that tin* (h*eay of the emanation could 
be employed to ti.v a standard of tinn* ^ 

E. Rutin'rford and F. S(»ddy showed that tin* emanation is singularly inert ; 
it is not aflect<’d by tin* mineral acids or bv other liquid reagents, nor is it alfi'cted 
when heated to u high temp, with platinum, lead chromate, magnesium, etc. 
W. Ramsay and F. Soddv found that tin* emanation sutlers no change wdien heated 
for an hour in tin* prcsenci* of a mivtiire of Imn* and magnesium : it is not inlluenced 
by burning ]ihosphorus ; nor b} sparking a nii.Kture of tin* emanation with o.xygcn 
over alkali-lvt*. J. J. 'riiomson, and F llini'^ledt found that (‘one. acids, alkali-lye, 
red-hot copp(*r or magnesium, tin* eh'ctric sjeirk, and tin* silent elccliic discharge 
are without intluein’c. Hence, said E. Rutin'rford, and W. Ramsay, radium 
emanation is cliemic’allv inert, and it behaves like a gas of the argon faiiulv. 

The determination of the atomic weight of niton is dillicult, because the avail- 
able ipuintiti(*s are small, and because it is ad.sorbed by tin* containing ves.sel. If 
radium, at. w’t. 22G, is transformed into niton bv the loss of an at»fln of helium, 
at, wt. 4, the at. wt. of niton should be near 222. R. W. Gray and VV Ramsay 
mea.sured the relative density of about iMmiI nigrm of niton, by mean.'^ of a micrr»- 
brtlauce, seusitivi* to one-milliontli of a mgrm. A.ssuming that niton is a monatomic 
gtts, tln*y obtained 227, 22ti, 225, 220, and 218 average, 22, 5. The.se results are in 
accord with theory; and show' that niton is the heaviest gas knowm, being 111 
,tim^s the density of hydrogen d’he normal dt*nsity was found to be 0 tXMJUO when 
that of oxgyeu is t)'0( 11421). ^ 'Phe at wt. .so det<*rmined is in agre(‘iF>ent with diffusion 
and effusion nu'tho<.ls of determining gas densities. E. Rutherford found 0 OG c.mm. 
of ga.si'ous niton did not occuj*y in the lujuid statv more than l'2xl0’''* c.mm. 
Hence the Speoifio gravity of the liquid is to that of the gas G X P)“^/l - X 10“'* 
—GlK). R. W. Gray and W Ramsay obtained 555). Hence the sp gr. of the 
liquid, according to the former, is about 5, and, according to the latter about 5 5. 

E. Rutherford,^ and W. Ramsay and co-workers found that niton follows 
Boyle's gas law. The constancy of the ])roduet pv, particularly for large volumes, 
is charact^^ristic of ])ermauent gases. When partially piiritied niton is forced into 
a capillary, there are marked changes in vol, during the first few hours, due to the 
chemical actions of the a-radiation from niton on the gaseous impurity ; the vol. 
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may expand or contract depending on the nature of the impurity ; with purilied 
niton the changes are less marked. j\Iter the initial changes, the vul. do(>s not alter 
very much with time. The compressibility of niton hetween p 0 and p 1, is 
- 0 019157. R. W.^iray and W. ItaiiLsay found the vapour pressure* p, to he 

-7iy -601" -&31’ -4S5' -4:ri' ‘ -310" - laS" 115- 

p . .100 200 ^ 500 7(50 lOtM) 2000 5000 10,000 mm. 

E. Rutherford gives 9 nun. at —127 ’ ; 5(.l nun. at —107'^ ; 250 nun. at - 78'‘ ; and 
760 iftni. at - 65 . Niton behaves like ordinary ga.ses. exhibiting a delinite vap. 
•press, for a delkiite temp. G. Kudorf found the valiH's of /’in J. 11. ^ an dt‘r Waala’ 
tormula, log log p- /(r,T“i--l), varied from 2'29 at 202 6' K. f<» 1'87.‘{ at 
372'^K. 

A. 0. Uankine found the coeil. of viscosity of the ga.s to be 0'(KK >21. '50. E. Uiither- 
ford and 11. T. Brook.s, 1\ Curie and J. Danm-, and L Chaumont drOTiinneil the 
eoelf. of diffusion of niton gas in air, and'found 0 1 .sq cm. pt-r s<‘c. , according to 
G. von llevesy, this number is too high, and he eoiisiders the value i.^ less than 0 ()7 
s(j. em. }ter sec at room temp. The ditfusuui ctuistant obtained directly is too high 
for the at. wt. and T. Graham’s rule. ¥. Wallstabe measured the dilTusion of niton 
in water and in toluene, and found respectively 0 066 and O lOS s(j cm. per day. 
E. Rona's \alue i.s 0 985 at 18' ior water, and K. Ramstedt’s value i.s 0 820 The 
la.st named also calculated the moleeular diameter to be 185 -1(1 ^ cms. 
A. Debicrne determined this effusion of the gas through a line ajjicilure ; \V. Makower 
compared tiu- etlusion NMth that of hidrogeii, oxygen, carbon dio.xije, ami sulphur 
dioxide ; and P B Perkins, with mercury vapour at 2.'’)(/'. The results are m 
rough accord with the observed at. wt. 

The specific heat of niton has iu)t Lx^en determiucxl ; for a monalomie gas of 
at. wt. 222-253, tlie at lit should be about 3 ; the sp. lit., c\ 0 0135 ; 0 0225 ; 

and eje, ■ 1 607. .Many of the elTeet.s a.scribed U) radium or radium-rays are really 
due to the occluded cmunation, or to the a< tive deposit produeial by the decay of 
the emauation. Thus, E. Rutherford and Jl. Jiohmson analyzed the emission ol 
heat in caLs. per gram of radium : 



rt-ray«. 

fi ra)M. 

y-rays. 

Had mm . 

. 25- 1 

— 


Emfiiialion 

2M (5 



Active d(i{i()sii 

t>y y 

1 7 

C 4 

Total 

. 123 0 

4 7 

<5 4 *= 134 7 


E. Rutherford and E. »5‘>d4ly .studied the temp, of condensatmn of niton to the 
liquid state in gaseous mixtures under low partial pre.ss. A. Laborde d<‘UTmmod the 
O'lnp. of con^en.sation in sj)iral,s of copp<‘r, lead, silver, and glass ; he obtained the 
same Ounp. for the metals —160 ' to 161 V , but for glass, he obtaiiUMl I61‘4'\ 
R. W. Boyle did not get so marked a ditlereiice for glass. P. (’line ami J. Danne, 
J. J. Thomson, F. llimstedt, and II Ebert ivtmdensed niton to a Iiijuid by cooling 
in Injiiid air U. W. tlray and W. Bam.say found the boiling point of niton to be 
—48 5 ’, but laO’r gave — 62 ’ ; E. itutlu'rford found - 65". R. VV. Gray and 
V. Ramsay found the melting point to bt; —71“, at which kmip. the \iip. prefth, is, 
still aliout 5<J0 m?ii. — the solid is opaque and crystalliiip. Liquid niloii umlergoi's 
a marked variation in colour as the teiiij* is lowered ; at ordinary temp, the liquid 
is colourless and transparent. When cooled Ix'low the f j)., - 71 , (lie condensed 
niton exhibits a brilbant jdiosphorescence, which becomes yellow as tlie teinji. is 
lowered, and it appears orange-red at the temp of liquid air ; on raising the Uunp,, 
the red phosphoresccneo becomes yellow at about — J18". TIk'W' colours are 
complicated by the phosphorescence of the glass — in a quartz tube, the colour 
apjiears blue ; in a soda-glass tube, lilac ; and in a lead -pot ash -glass tula*, bluish- 
green. R. W. Gray and W. Ranesay ga\ <• 104 5 for the critical temperature, and 
47,450 mm. or 62 4 atm. for the criticfd presiure. G. Rudorf calculakd the mol. 
laWt beat of vaporizatioil from W. Nernst’s equation, MX~~ T^'b log Tt-0’<X/JT), 
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Wid obtained for T~2\V K., 4387. Cals, ; and from E. Clapeyron’s equation, 
MX^ZWi) Cals, Assuming that jI/A"- 3950 and M— 222*5, the latent heat of 
vaporization is 17'75 Cats, per grain, G. N, Lewis and co-workers gave 41*81 for 
the entropy of niton at 25 ' and atm. press. * 

R«^um emanation, or niton, emits only a-rays, W. H. Bragg and K. D. Kl(‘eman,8 
H. (^iger and J. M, Nuttall, and E. Ruthe^ord give for the range of the a*>partiole8 
of niton in air at normal pre.s.s , 3 94 cms. at (f, and 4 l6 cms. at 15° ; velocity in 
air at 15“ 173x10“ am. per w*c. ; the momentoni, 1*06x10“^^; ^;he kinetic 
eneigy, O yiOxIO ^ i*rgs ; and tlw ntunber of ions produced by the absorption of 
an a-partiele by air, 1 74 x lo^ As previously indicated, the ndiodctive CODStBUt,' 
A, is (}‘18(X) day, or 0'<j 075 hr , or 2*083 x 10"'® sec, ; W, Bothe and G. L<'chner gave 
A^M>1819 day, or 2 lO«xlO“® s»*c. ; the hall-life period 18 3*85 days ; W, Bothe 
and G. Uchner gave 3 810 days : the average-life period is 5*55 days. The parent 
IS radium, the olTspring, radium A and«heiium, and the nearest aiialo'gue xenon. 
G. H. Briggs, and E. M. W^'lli.sli eoncluded that only a fractional part of the 
recoil atoms of radium emanation are positively charged at the end of their path ; 

G, H. Henderson comdiided tliat all are charged, 

E. Rutlierford observed a kind of relationship betw(>en the period of the trans- 
formation of a product and the velocity of tin; a-rays which it expcdled. The 
greater the velocity of the a-ravs, the shorter the period of the tran.sformation. 

A relation is rendered evident by plotting the logarithms of the radioactive constants 
and tlu^ ranges, Fig - it, of some de<ay products of uranium. JI Geiger and 

J. M. Nuttall represent’d the relation 
by log A -a-1-6 log A*, wh(>re A denotes 
the transformation constant ; and A the 
range of the a-partieles, ^^’hile a and b 
are constants ; II. A. Wilson gave 
log A -log It- a-\ ; K. Swinnc gave 

log A -0 f where V denotes the 
velocity of the d-particle ; n and 6 
are constants ; and n — 1 or 2 ; and 
H. T. Wollf gave other exjiressitns. 

E. Kulherford interpn'ts these observa- 
tions to mean that “ the, chance* of an 
atom breaking up is gri’att'r, thf’ gn'at<*r 
the surplus energy to be got rid of to 
form the next })roduct of the series.” 

H. Geiger showi’d that in order that 
a radioactive substance *may emit a 
particle of short range, say I cm., the period of transformation would be so long 
that the ac-tivity of the product would be tim small to detect ; and it corresponds 
With the fact that no known j)roduct emits a-])articles of such short range 
r. KirchholT has discus.sed this tpie.stion. 

^ The phosphoreS06Ilt ellects produced by radium emanation havt; been discussed 
in conneidion with the properties of radium radiations. A. W. Porter and C. Cuth- 
bertson Mound the index of refraction of an impure sample of nitUn to lx* 1*()(K)840 • 
a Sttinjile further purified gave 1 (XKHUG ; and it is inferred that the value would 
be r()(X)‘)2 with Idghly jmrilied niton. The spark spectrum of niton is characteristic, 
and quitt' distinct from that of radium and of helium. The discharge in a tube of 
mton is bluish, and not so intense as that of a helium tube. The spark 8iH*ctrum 
shows a group of strong green lines and another group of violet lines. W. Ramsay 
and J. N. Collie, and R. L. Nyswander and co-workers made some observations 
on this subject. E. Rutherford and T. Royds pliotographed the spectrum, and 
compared it with that of helium. Their results are shown in Fig. 12 ; the numbers 
represent wave-lengths, W. Ham.say and A. T. Cameron also published results 
derived from these photographs, but T. Royds showed that with the exception 
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of the more intenfse lines of niton, the spectrum coincided with fhat of xenon, 
and there thus appeared to have been an accidental and uiftuspectcd contamination 
with xenon — W. Huinsay said die einzigc mnjliclw Erkhrung ist dms uuler ffrirmen 
Vmstaiiden AVton Xemn zerfdHt! H. E. Watson conlirniod the results of 
E. Rutherford and T. Royd#, aiwi the last named found some additional lines 
in the ultra-violet. There is no clear evidence of the spectrum lira's of niton in 
stellar spectra. The saturation current produced between two exteirded plate 
electrodes by radium emanation has been studied by L, Klamm and 11, Maehe. 



M, S. Cujie ^ showed that water becono's radioactive by exposure to the emana- 
tions of radium, and this was ascribed to tlie absorptuui of the emanation by wakr. 
The discovery that well-water and sprinu-wator contain much niton, bnt no radium, 
showed that the emanation must be soluble in water. Qualitativi' observations 
were made bv I*, f'urie and A Debierne, and F. Hnu.Ht<'dt. K. S< h<*nck and 
A. Schulze ; wlnle H. H von Traul)enhei|». and H Maelie showed that th6 solubility 
ill*water n'sembles that of other p»s(*s. If a vol. r, of air or otlu'r ;,taH, and a vol. 
of li(jiiid be confined in a ves.sel ; and whi'ii the svstem is in e(jUilibnum, a vol. 
of niton !)<• j^resent in tlie eas, and a v«)l e., be dissolved in the iKpiid , then, the 
cone, of niton in the (/as is c,/cj, and in the li<juid, c-^/c^. The ratio of tliese cone, 
i.s a measure of tlo' absorption coefficient, a, sueh that a CoC,/c,?'.>. II. K. von 
Traub('nbeT(i obtained a 0 d.'l ; an<l 11. Maclie, 0 32. R. Hofmann showed tliat 
the value of a decreased with t4*mp ; and M. Roller, that a d«‘crcaHcd with in- 
creasin*! con*’, of niton dissolved in the w'at/<*r. S. Meyer wjuipared the observed 
values of a. with those* caleulated from the relation a *'■*'**''*, and tho 

results are : 

0 * 6* 10 ' 'JO'’ 40" fio' HO" mo* 

afObs.) . . Of) 10 0 420 0 S.'io 0 2r»r> OHIO 0127 0112 0 107 

a (Calc.). . 0 510 0 420 0 251 0 254 0 150 0 125 0 112 0 108 

The agreement is excellent. The solubility formula a u applies aljMj to 

the gases argon^ nitrogen, hydrog(*n, oxyg<‘n, carbon monoxide, and nitrogen 
monoxide, where the constant c has the same value. Jt is remarkable that at RKJ^, 
U*n per cent, of niton remains dis.s<dved in the water. R. W. Boyle found tJmt the 
solubility decreases rapidly with t<*mp , but for a definite temp,, the coeff. is in- 
dependent of the cone, of the gas, and also independent of the nature anti press, of 
the inactive gas mixed with the niton. G. Jager represented the solubility by the 
formula, a r where IF denotes the work which the surface fona's perform 

in removing a mol at the absolute temp. T from the liquid into vapour, R is the 
gas constant. R. W. Boyle found for the heat of-soln. Q cals., of nitxin in water; 

0*-.r 10*-15* 15*-2(l* . 20*- 25* 2&'’ 30" :408-fi* 

Q . .6-7 6-3 6-8 5*6 6 5 6 1 4'7 
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'H. Machn arid S. Meyer, H. SjOjrren and N. Snhlbom found values of a for a numtor of 
•pring'watow ; M. Ko/lertfnea«uwd the abBorj)tion ooefT., a, ot niton in a number w 8“^ 
»oln,, and found at 18° forsoln. with the bracketed sp. gr,, tnercuric chloride { 1 040), 0=0*250 ; 
silver nt/ro/e (1 *190), o-O I92 ; potasmum permanganate (1*038), 0=0*194 ; ferrous sulphate 
(1*226). a=-0 08l ; ammonium clUoride (1 078), a=0 096 ; leadnUrat%{\-m), a=0106, ^d 
(l'2H3), 0=0143 ; polastiium chlorate (1175), a = 0*061, aijd (1*028), o=0*J87 ; potass%wn 
ferrocyanide (1*107), u=0 lO2; zhic sulphate (1*346), a=0041, and (1*199), a=0092; 
cupric sulphate (1*)03), a-^0*075, and (1 042), a=0*194 ; sodium chloride (1*203), a=0*042, 

( I ;008), 0=0*239 ; (1 *028), o^0*165 ; sugar sola f I *214), a = 0*114, and (1*082), 

O-0-188; and luj. aoln. of alcolml (0 977), o=0*.300, and (0*800), a =6*606.- Eq. soln. of 
different fialta hav*) ru'arly the same cocfT ; soduini chlonde (1*0392), potasshnn ckloride 
(1*0449), and cupnc Hulphate ( I *0776) have the re.spe< tive value.s o =0*165,,0*163, and 0*167^ 
K. W. Hoyle also rnmle olnervationa with Hea-water, ami he found that the ga.s is virtually 
iriHoluble in mcrcurg. K Hofmann, -V. huru'', and E Hamstedt refiTrod the solubilities 
in Hfiiiio lifiuids to tlie formula a -a ( hr **, whi'ii (he l<‘mp d is expressed in hundredths of 
the inti'rval between thf; m.p, an<l the h p. ; a fb ileiiotes the solubility at the m.j). Thus, 

m p. h.p. a b e 

Carbon disulphide . . . - 110'* 16*3"’ 13 900 0*054 

Ethyl (9her . . . .117 6" 34 6" 10 700 0*066 

Toluene 92*4* 110*7’ 2 125 0*046 

Chloroform .... '♦i3 2 612" 9*5 90 0*043 

Ethyl alcohol .... -117*6“ 78 4“ 2*5 86 0*046 

Acetone ..... —94*6“ 56 1“ 4 68 0*046 

Ethyl acetate . . . --83 *8“ 77“ 4 66 0*048 

Xylene -55“ 139“ 1 68 0*045 

At temp. betweenJH ‘ and 20 a for olirc oil and smulfii* oils is 28 ; for carbon disulphide, 
23 ; cyclohi cane, 18 ; furanc, 17 : tm pmttnc, i(h>d itlm, chlnmfot m, and amyl act tote, 15 ; 
toluene, bcnzmc, 8nd ryhuc, 13 ; rusihut, and ju tiolciim, lU ; imrajfin, 9 ; ftliyl at'ttatt, 7*4 ; 
acetone, 6'3; tthyl alcohol, 6 2; anthn*', ;i H ; ylyirrol, 1*7; K Jtamstedt gives 0*21 for 
glycerol, and A. Lun»'' a higher value (! Hotbuuer found that with tlie liomologouH 
alcohols and fatty aculs, (he solubility increases as the (’H^j-groups incn'asc. 11. Macbe and 
E. iSuess found Un'blotnl, a -0 42, and E. Hamsmier ami II Holtbusen, 0 .‘H at the body 
tom)),, 37". A Schul/e also mea.snreil the soluhilit) of niton in a inimber of organic liquids 
-- toluene,' ethyl t'ther, I'thyl acetali*. eth\ I alcohol, chloroform, acetone, carbon disulphide, 
hexane, niiilme, and ben/em' at ditfcM'iit tf'tnp 

The nuliouetivity which a .snbst.itue a(*(HiircH \\h(>n ox])o.s(mI for hoiik* hours to 
niton i.s due to the depo.sition of a radioactive depo.sit which df'cavs ra|)idly wjth 
time uu<l becoinc.s very hiiuvII hi about 1*2 hrs ; but I*, ('urn' and J Daniu* ^ sliowcal 
that the acfjUircd raflioactivity of iiiaiiy .solids ciiiuitrliour, (••'IIuIdhI, V'ttr, paruffiu, 
mccrsc/iauni, pldliuum hltirJ:, ifluss, ulnm, clai/s, etc pcrsi.sts for many da\s. This 
was traced to the ali.sorptioii or oc<*liision of the eas The di'crca.sc is due jiartiv to 
the decay of the emanation in siln, and partlv to the escape of the occluded gas into 
the fiurrouiuline air. A similar <‘(Tcct was ohserved w it h some imdals - laul, pluliimm, 
aluminium, vopper, bismuth, and silver E Hunzl, E. liutherford,* A. S Eve, 
J. Satterly, it. W. Ho\ Ic and il. Maciic and T. Kimnier have investigated the 
remarkably strong ah.sorhent jmaers of vharnml, notahlv cocoa-nut charcoal, for 
radium emanation. (}. von llcvcsv found animal ( liarcoal not as good. W. Mohr 
thus repre.sented the pi'rcentages ali.sorlx'd at different temp. : 

-182" -1*20' -rs" -10' 0’ *22' KMl" Mlo'’ 250" 400" 

1(]0 91*5 SI I 64 98 59 23 57 18 43 S5 34 18 20 31 15*70 7*14 ' 

0. Porli'/.za and (}, Norzi found that at 77 aood charcoal nunovv.s all the emana- 
tion from the gaseous e.xhalatioiis of fumerolcs ; at 2()\ about half is rt'iuoved ; 
and at lO’ and higher temp, very little ihange occurs E. Henriot ob.servcd 
that >vood cliarcoal below IS comjdcteiy rcmove.s all thi* nilon from an enclosed 
gas, while above dOO’, virtuallv none is absorbed ; between these bunp., the quantity 
is a funetion of the temp. II. llersehlinkel found that admixtures of iron or uranium 
hydroxide, ditlymiuin tluunde. or iron ehromate facilitate the e.vpulsion of niton 
from radium. I*. L. Mereanton found that niton does not diffuse through glass 
even when the Utter is heatod to its softening temj). The absorption is to a large 
extent dependent on the grain size of the material ; the temp. ; th (5 amount of 
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moiaturo present ; ete. E. Ebler and M. Fellner found colloidal siibsUnces - 
silicic acid, arsenic sulphide, and organic colloids— hold the emanation very 
tenaciously. The action has been studied by K. Horovitx and F. Pancth. Many 
metal salts occludt^ radium emanation; the oxides, hydroxide.^, chlorides, and 
bromides art' more active Uuin the carbonates or sulphates, M. S. Curie, and 
A. Debierne, E. Rutherford, H. B. Boltwood, S. Meyer and V. F. Hess, and 
H. Holthust'n have studiei^Uthe oci lusion of niton by solids. 

Ordinary radium compounds in the solid form allow very little emanati»m to 
e.scajtt* at ordinary temp , .so that the greater part remain'* occluded with the parent. 

•There is no evidence that the emanation is chemically combiiH'd witli the radium ; 
neither radium nor radiferous barium ab.sorb any marked projairtion of the emanation 
which has been released. The hberatmn of niton is facilitated by a rise of temp, 
tho proce.ss is one of dilTusion. and i.s facilitated by deerea.sing the grain size of the 
material -As previou.sly indicated, the occluded niton is liberated by fusing tie' 
material, or by dissolving it. M S CurieMiowed that both methods yield the same 
amount of niton for a given XNcieht of radium. Ibhydrab'd radium chloride lose.s 
ita niton below the m ]).. but when the water of crystallization ha.s been expelled, 
a higher b'mp, is needed to dri\e ojf the niton. L. Koh)wrat ft)Und that the amount 
of niton liberated from radium preparations <lej>ends not only on the temp, but on 
the time of lieating With anhydrous ra<lium chloride, the clb'ct. of t(‘nip is very 
slight up to -bHt and but little niton is h».st. ; there is then a xerv rajud im reasc 
in the raU* at which niton e.M-ape.s up to S;>(i ; above this t lu' rate o^escape di-crea.ses 
to a minimum at a)>out ‘.cjo ; and the rate then increases up to the teiiiji (d fusion, 
about Kmhi , when the whole emanatHUi is gi\en off. 'Phe fall in the rate of evolu- 
tion of niton between .s.K) and tejo is c«mm*cted with a change in the physical 
state of th<‘ salt The loss of niton at a given jioint on the lime-temp ciirvi' is 
independent* of the t<ilal amount accumulated in the body. 'Phe fact that the 
emanation can be dnseii <»j\ from radium with a greater v«'lo<'itv as tlu' temp, is 
raised has no reference to the .statement that ra<boa<-tive processes are independent 
of the jihvsieal conditions, be<-au'-e the emanation is alrea<lv then*. The rate at 
'iiYhich the radium manufactures tie- emanation is not afb'cted bv temp.. el(’. 

, Starting with a radium pre|Mration freed from tin* emanation, and confined 
111 a sealed ve.s.sel to prevent the lo^s of till' small fraction which might olherwi.si' 
e.scapi' bv difTusion. if 7 atoms of mtiui aie jirodiict'd per .second, and A atoms of 
niton be present at the time /, A.V paitiele< of niton change everv second, where A 
IS the .so-called radioacti\e con.stani 'Plum, f/A’, or 7 AA’, particles of niton W'ill 
be produced in the time, dl, so that the rate at. which iln‘ niton accuniulati'H in tin* 
sv.stein is eipial to tlmir rate of prodm tioii less their rate of change, or 


When this expression is inb'grated for the conditions A A„, when t f ; and N" t) 
W'hcn t tl, tin'll, the, (juantity, .V. of niton pre.seni in tin' system at the time w'lll 
be 

• A' (I) ^ 


where A’,„ repri'.seiits the maximum or eijuilibrium valiit', and A is the dei a\’ constant 
when I is expre.sscd m tlavs. All tin* time the mton and the ai’tivi* deposit 
are being formed by the radium, the o< « linleil mt/oii is decaying a<<'ordmg b) the 
law previously described. Hence, the (piantity of niton reaches half-value, in about 
•1 85 davs ; 75 per cent, in 7 70 ilavs , itW 5 o jier cent, in .50 davs ; and in .50 days. 
U9-99 jier cent of the efjnih)»num value is prewnt. The rub' i»f prodin tion of 
niton is 1’24/, lo~® e c. per w'C. ]>er gram of ra<liuni. In Iblo, the Radiology 
( ongri's.s at Bruss<*ls ” decided to call the amount of enuiiiation or nibui in eijinlibrium 
wnth a gram of pure radium a curie ; snialler units are d<'signab>d in the usual 
manner, thus the ‘millwwnf.s means the amount of eiiiunatioii in ef|uihbriurn with 
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10 mgnnfl. of pure radium. A. Piccard and B. Stahel, and T. Nogier have raised 
the question of the cSiistancy of the radioactivity of the standard tubes. 
B. A, Owen and B. Naylor discusml the measurement of the radium content of 
eealed tubes. • 

Since each a-particic emitted by radium becomes an atom of niton, and 
about 3-4x10^0 a-purticles are emitted per »'C. per ^ram of radium, then the 
number, q, of atoms of niton formed per gram per se». is 3'4xJ0i^. For equili- 
brium, dN/dt of (3) is /ATo, and hence, the number, N, of atoms of niton 
present per gram is S - qjX-, but A- 2'08.uxl0“* per sec,, hence, A^l'63>^10^®. 
Under standard conditions one c c. of gas contains 2 78x10^® mol8.,*so that a curie^ 
of niton, supposed nionat^miic, oceupic.s ()T)9 c.miii. E. Rutherford obtained 
about 0'6 c.mm. ; J. Danysz and W. Duane, O oO c mm, ; A. Debiorne, 0'58 c.mm. ; 
and R. W. Gray and W. Ramsay, 0 <;<) c min. Less accurate values were obtained 
by W. Ramsay and F, Soddy, and A. T. Cameron and W. Ramsay. For^the action 
of radium emanation or niton on water,* salt .soln., gases, and organic jiroducts, 
see radium rays. 
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« § 8. The Products of the Rapid Decay of Radium Emanation-'Radium-A 
to Radium-C * , 

Tho radium from which the ernanatiott Ija.^ been af)Htra(‘.ted lo8(‘s about 75 per 
oent. of its radioactivity, and it tlien emits jiractically notlnng but tin' a*ray« ; 
the and the y-ray activities art' almost coinj)let«*ly lost. The radioactivity 
of radium gradually return.s Uj its original value on standing, ilent e, it is inferr<;d 
that radjum w constantly generating and storing the emanation, and that the 
emanation is constantly decaying. The rate at which the nidium then regains 
its activity is equal to the rate at whieh the emanation iow.s its ra<l inactivity. 

The radioactivity of normal radium is an eqnilibium value because the rates 
of production and disintegration of the emanation are evenly balanced. 

While the dynamics of the transformation changes in radioactive matter seem to 
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follow similar laws to those which ^obtain in molecular changes with irreversible 
reactions, there is a marked difference in their behaviour towards changes of temp, 
and press. E. Rutherford i showed that the constants of the radioactive transforma- 
tion are not affect<‘d by concentration, or the decomposition paoducts. The effects 
of variations of lemjKtraiure ranging from —180“ to -f 2500° have been studied by 
W. Makower and S. Russ, H. W. Schmidt and P. Cerraak, R. W. Forsyth, M. S. Curie 
and H. K, Onnes, W. Engler, etc. P. Curie and J. Danne observed the decay 
curves of the active deposits are influenced by changes of temp., but the work of 
H. L, Bronson, and A. 8. Riissidl has shown that the.se re.sults are due to diffeftmces 
in the volatilization or sublimation of the products when heated. ’E. Rutherford' 
and J. E. Petavel nob'd that the high freumre developed in a bomb during the 
explosionof cordite— temp. 2r>()(P, pre.sa. KKK) atm.— made nodifference. A. Schuster, 
and A, 8. Eve; and P. 1). Adams also showed that a press, of 2(K)() atm. had no 
appreciable influence, F. G. Donnan inferred that the energy given oulfon highly 
ex-energic changes must be greater in strong than in weak (jraviiatioml fields. To 
teat this, E. Rutherford and A. H. Compton 8ubject(‘d rad load ive material to a centri 
fugal acc(dcration over 2(),()(K) times that of gravity, and found no i»erceptibl(‘ change 
over 1 j»art in KKK), the limit of the method of measurement. H. H. Poole showed 
that tht' cor])Uscular radiations have no effect on the changes ; W. P. Joriss(‘n and 
J. A. Vollgraff found that cathode rays have no result ; P. Weiss and A. Piccard 
showed that an intense mafjnctic field has no effect; ami W. Marckwald, and L. Bruner 
and K. Bekier <)bserved Jio change in the presence' of an electric discharye. 
H. 8. Shelton «‘mj)havsiz<'<l the fact that the* indifference of radioactive changes 
to Uunp. and otluT physieail conditions must be a relative ]dienomenon, and a 
conseque'nce of the lirnib'd range of our re.sources. The highest teiii]). of our labora- 
tories- - are feeble will'll contrasted with tho.se ten times hotti'r, which 

prevail in the colos.sal furnaces revealed by stellar spectra of the hotter sfars. Con.se- 
(jueiitly, the indifference of radioactive changes to e.xternal conditions cannot be 
accepted as ah.solute. Suppo.se, he adds, that electricity were unknown and it 
was only possible to attain variations of temp, of a few <legre('« in our laboratories, 
then a large mimber of .so-called compounds would be classed as ('lement.s, and the 
slow decomposition of many substances with thi' evolution of heat would a])p^;a^ 
a.H marvellous .sources of energy, as unaccountable as radioactive changes an' to-dav. 

The proces.ses of decay and re.storation cannot be infliieni’ed by any known 
controllable jiliysical or chi'iuical force ; they are mdependi'iit of the chemical form 
of radium chloride, bromide, carbonate, sulphate, metal, etc.- all that can be 
done is to study the nioile and measure the rat<' of changi'. Hence, rightlv or 
wrongly, it has been inferred that the ])roce.ss is a pr()|)erty of the radium atom 
alone ; that the radium atoms break down into abuns of the ematiation ; and 
the atoms of the emanation break dow'n into a radioactive solid, the so-called 
ftOtivS doposity and helium ga.s. Thi.s recalls the step-by-step decomposition of 
potassium hypochlorite into pota.ssium chlorate, perchlorate, and chloride as well 
as oxygen, liy analogy with the evolution of heat which atti'iids certain exothi'rmal 
chemical reactions - c y the decomposition of ozone, 203 ->l}().j bb8'2 (’als.- it has 
beeik stated us an hypothesis that the origin of the energv of radioactive bodies' 
is due U) the decomposition of the atoin.s a reaction accompaniedibv the liberation 
of charged [larticles. In tlie one ca.se, the atoms re-form new' and more stable 
combinations, and in the other ea.se, the liln'rati'd ])artieh'.s an* de-electrili<'d and 
form helium. According to this hypothesis, a ra«lioactive substance mu.st have a 
more or less limib'd period of existence of life. 

Radium emanation (juickly breaks down into a new' substance called radiiim-A, 
which has a halMife ]>eriod of about .‘1 minuti's. and ])avSses inb) radium-B ; and 
this, In turn, to radium-(\ radium-G to radium- 1) ; radium 1.) to radium-E ; and 
radium-E to radium-F. Since the radioactivity liue to radium-1), -E, and -F is 
negligibly small in comparison with that due to radium-A, -B, and -C — the initial 
radioactivity of the former being usually less than lU“5 of that of the latter—- 
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E. Rutherford * found it convenient to analyse the active deposit of radium ]m)duced 
by the condensation and decay of radium emanation iut/i (i) the deposit ol 
change (radium-A, -B, and -Cj ; and (ii) the deposit of slow change (radiunj 1), 
-E, and -F). Henc#, radium normally contains all three products- radium }jroper, 
the emanatimi ^as, and th«j active de])osit. It is estimated that 25 ]>er ci'nt. of 
the radiations of normal radium belong to radium proper; 18 ]n'r cmt. more of 
the a-rays belong to the cnianating gas: and the remaininj; 57 per cent. t/o*the 
active deposit. W. Muiul studied the olTect of an olci^tric tield on tin' dislrihution 
of tlie active deposit of radium. The rate of rist' of y-ray aetivily from radium 
• emanation luw been measured by F 1‘. Slater. 

As j)rcviou.sly indicated, the active deposit of radium was discovi'ied liy M. S. 
and P. Curie ; and measurements of its radioactivity were nunb' bv K. Uiitherford 
and H. T. Brooks, and P. Curie and J. Danne. The latter found tliat the radio- 
activity /.of the active deposit at the time / .st'c.s (disregarding tin* jirst 20 mins, 
so as to ensiiri' th(' (h ath of raduim-A) eolild be repn'.sented by 1 ‘jiv 

— 3 20c where /y rt'pn'seiitcd the initial radioactixitv K. llutherford" 

studied the decay of tin* activity of the dejmsit. and found that tin- results could 
be explaiiK'd on the assuiiijttion that three cons('cutiv(' changes an' involved, m 
which radium emanationj*axses directly to radiuiU-A, the ialler to radium-B» 
and that to radium-C] and radium-C^. 


AfffOtviing that nuiiunt~A through morivn of > uhvi rhoiojis funtnfii} xolnno H, 

... it IS rrguinii to Jiml thccounuttotioHs of -.\, -U. •(' <' >> sjin tn'itg, iit tlo 

end of a period of time t If /' atoms of a snbHtain t' A clumur mlo imo^ltt'i M (tiiiiUK 
IWTK' f, it has Ix'oii Mhown, (1) and (2), tliat <//‘/(//— oi I' /’„! uht'fo A, is On* iintio- 
activecojistant forllio (■lumi..a- and /’„ i.s the numhor of ntoinKol A on);mall\ |in'sont. 
IvC't dQ rc()roN(>iit (lu> in(’n'a.so in thi« nninhor of atoniH of |{ m unit linu' : llion dQ is (lift 
nnnihor su|)|i(;(>d 1)\ (In* tlianyc of flit* inu((<'r A loss flic niindicr due lo lln' cliiui;;(' of the 
suhstuliec Ii into t or 

A.i' A.y. , . . . «i) 

where A, is the radioncf jve eoiisfaul for the change It-^C. Suhstitiifing •'•'d 

infegruiing 

, ' 'a, 

Similarly, « hen A < hang< ^ to Ii. and It to if rc|trcKcn(H tin' mimher of piirficles of C 
foimcd in the (imu t, 

*A/2 -A,/»* (7) 


w here A3 
grating, 

where 


IS the rndioaetive eonvfant f»»r the change I ). Snhsfitutmg for (2, and inh'- 

• "d , V i Av . . . • («) 


A, - 


A.A, 

(Aj-A,)tA3-A,) 


h,- 


A, A., 

(A., A.KA.-A,) 




A, A: 

(A, -A*)(A, Ad 


and HO on for n prodnets. Kortadium rmlium-li, aiul radinm-t A, «^0'227:i, A^ -j>U’02r>8fi, 
aiul A3 -t) ()3or>4 per min., ma that A, I IfAgn. A*, -Ii 0102, A, = -.'il (122 Starting with one 
• unit of radium-.V, and none of tadmm-li or nufiumd', the idntivi' amoiud/H of A, It, and 
obtaim'd by calculation from c<piatloll^ {h) to (S), after the lapse of a H}>e<*ifie<l time (minrtles),* 
are : • 


Time . . 1 5 

A . . 0-7%7 0:{2](» 

H 0-20(h) OU.'il.'i 

. . 0 0U29 U04M»> 


10 in 40 

0 loxt 0 0201 0 0001 

0'7568 0 717(5 0 4010 

0 l2;iH 0 2037 0'3079 


KK) 2(X> too 

0 0851 000(51 0 00003 
013(54 0 0115 000007 


The corresponding curves arc illustrated bv l‘*ig 13. 'Phe numbers in clarernlnn t.y|K* 
repres<>nt maxima in the curves. A J^iecard Iwvs disenssed the drawing of lie- df*cay eurvea 
of radioactive subHlances, 'I’bcHeatxl other lelationa have been discussr-rl bv K. Jintherford, 
and H. fiateman. They resemble analogoijs problems in the theory of ordinary eonseeiitive 
reactions Suitable mcidifleationscHn be inlr<^wlueed when A, the primarv source, in suddi'irily 
exhausted. If Levy baa Hugge-ted a criterion for finding the number, n, of radioactive 
transformations from a set of obwrvationa. 
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Values for the at. wt., the radioactive constants, the half-life period, and the 
veragC'life period of raium-A, -B, -Cj, and -C^, were calculated by E, Rutherford, 
Curie and J. Danne, M. S. Curie, and H. L. Bronson : 


adioaotive constant 
'alf-life period 
verage-iife period . 
tomic weight 


Knuknatlon. Radium- A. Eadfcm-B. Radlum-C. 

)2'085xl0-* 3’85xl0r* 433x10-* 6-928x 10-* 

• 1-25x10-* 0-231 0-0258 00366 

56-44/10* 3 . 20-8 19-5 

79-92x 10* 4-32 38-7 28 1 

222 218 214 . 214 


Radium-A has such a short life that it can be but imperfectly isoJated, observa-. 
tioDS must be made on it immediat.4‘ly after its production from niton. P. Curie 
and J. Danne found that the decay curves of the active dc])osit wi're much influenced 
by heating it to a high t^*mp., and H. L, Bronson showed that these effects are not 

due to the effect of temp, 
on the rate of transforma- 
tion of the radioactive pro- 
ducts ; but were produced 
by the different volatilities 
of the three products. He 
found radium- A volatilized 
more readily than radiura- 
B ; and radium-B, more 
readily than radium-C. 
According to F. Soddy, if 
a negatively charged wdre 
is exposed for a few 
sei-onds only in a relatively 
large (piantity of radium 
emanation, the activity of 
the w^e at first is almost 
entin'ly due to the a-rays 

of radium-A, and these 

Fkj. 13.— B«'lu(ivo Dint ril.nt ion of .\. H, and C after decay to a very small 
ditTereni rntcivuls of Time value in a few mimitos 

after withdrawal of the 

wire from the emanation, the activity of the siih.seijiieiit jirodiicts formed being, for 
such short ex[)o.siire.s, tiHiially negligihle. After twenty to thirty minuti's' expovsure 
to the emanation, the <|uantity of radium-A attaiu.s eijuilibrium and does not 
further inerease. But the amounts of radium-B and -C on the#wire go on 
increasing with the time of expo.sure up to three or four hoiir.s. Obviously the 
shorter the time of exposure the purer is the radium-A dejm.sited. Conversely 
With a wire which lia.s been e.\[>osed anv length of time to the emanation, no 
radium-A remains after twenty to thirty ’minutes from withdrawal, the activity 
at this stage being due to radium-B. Hence, without chemical treatment, radium-A 
^aloiie or radiurn-B and -C, together, may he obtained at w-ill hv a suitable choice* 
of the time of exposure to the emanation, and of the time eiaiising after with- 
draw-al from its intliienee. • * 

If a negatively eliarged wire he kept in niton for a long time, the amount of 
ra<Iium-A which aceiimulates on the wire soon assumes the stationary state when 
the rate of production is e.|ual to the rato of decay ; the amounts of radium-B and 
radium-C continue incr‘*asing for many hours. F. von D'n-h ^ has reviewed the 
methods available for separating the ra<iium-A, -B, and -C decay products. 

W. Makowrer heated a wdre to OCtr in radium emanation, but was unable to collect 
radium-A, -B. and -C, whether the wire was charged negatively or positively. 
P. Curie and W. Duane stated that at 60U\ radium-B could l>e volatilized freely^ 
from a plate coated with the active deposit, while radium C- remained behind. 
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The volatiliration of radium-C was found by W. Mako^er to dewnd upon the 
surface on which it was deposited ; thus, the volatilixation of radium-C is appreciable 
at all temp., and all the radium-0 pas^ oft from platinum and nu'kol at 1200'^, 
but from quartz, tHe volatilization was incomplete at l.'KK)'. A. S. llussell, and 
H. Schrader have studied th^ nature of the surrounding gases on tin* volatihz^ilion. 
It is quite possible that oxides or other compounds may be formed. Many volatilized 
products deposit at a much lower ti‘mp. in ozone than in oxygi‘U. Tiie tinup. 
required fqr the volatilization of radium-C in hydrogen is about , and in oxygen 
aboul 1000° ; while radium- A is volatile in hydrogen at about 400 , and in oxygen 
*at about 550*. According to H. L. Bronson, W. Duane, W. Makow^er, and 
A. S. Russell, radiuin-A volatilizes at about radium-B between (itK.) and 800°, 
and radium-C at 1100°. Hence it is pos.sible to separate* radium-B and radiuin-C 
by fractional volatilization. 

0. Hahn and L. Meitner dissolved the ac tive deposit in boiling liydroelilorio 
acid, and allowed it to stand for yiree-quarU'rs of an hour in ordt r to allow all the 
radium-A to decay. When the acid Injuid was agitated with animal ehareoal. the* 
radium-C is retained. The Ultra te w’as treaU'd with a barium salt and sulphuric 
acid, and the precipitaU'd barium sulphatt* retained tin* radium-B. According 
to F. von Lerch, if eiqiric sulphate be added to the acid lujiiid, and a minuU* later, 
potassium hvdroxide, radium-C was r«*tained by tin* preeipitati* and nuhum-C remains 
in the filtraU*. If lead nitraU* be mixed with the hot acid Injuid, and sulphuric* acid 
added, radium-B is retained by the prei'ipitaC*, and radmm-C by the liltrate. If 
the acid liquid be electrolyzed ’with platinum eleetrodes, radium-C, /h'posits on tUo 
cathode, wrhile radium-B remains in soln. This show%s that radmm-C> is rarer, 
i.e. less electropositive, than radiiim-B. F. von D'reh found that if a iii<*k(*l or 
copper plat<^be dipped in the acid liquid, radiuni-t.' is j>reeipitateil while radium-B 
remains in .solu. According to L. Meitner, the rcai-tiun is (juantitalive if a cone, 
boiling soln. be (*inploved. T. Godlew'sky found that in a neutral or ft'obly acid 
soln. of radium-B and ra<linm-C, the* latter, like bismuth, will be jireseut in the 
Colloidal form, ])o.s.sHdy as a ba.sn*/ salt, the radiuiu-B w'ill be, found in the filtrate, 
ft will be ()bsi*r\'ed that as soon as radium-B has be(*ii isolat<*d it immediately 
b^^ins to produce a fresh amount of rudium-C by its ow'ii decay. 

0. Hahn and L. Meitn(*r, and W. Makower and 8. Russ found that radiuni-B 
could be obtained in a pure state b\ recoil from radium-A, and that radium-C could 
be obtained from radium-B. Tlu*‘ general im*thod was to jdace an inactivi! plate 
chargi'd negatively near a plate covered with active matter. Tlie recoil atol^ are 
concentrated on the n(*gative pluti' in virtue of their positive charge. While the 
total amount of radium-C lib<*raled by recoil is only about 1 in (KKHI, a considtirablo 
part of radmm-A can be obUined hy the recoil process. The c-ollection of the 
recoil products on negatively charged plaU*8 [)roe.ee(ls most favourably in vacuo. 
It was once thought tiiat radium-B is volatile at ordinary temp., but the appari'iit 
volatilization o<*eurs only at the moment radiuin-B is being j.rodueed from radium-A ; 
when all the latkr has disappeared, there is no sign of the, volatilization of radiurn 
below a red heat. The apparent volatilization at ordinary tenq). is really a recoil 
* effect due to the projection of ra<lium-B from the active d<.*posit by ref, oil at the 
moment the a-jmrticle is expelled from the atom of radium-A. The distribution 
and range of recoil atoms was studied by K. T. (Compton, etc. 

B H Hcrszfinkiel and L. Wcrt4*n8tein * measured the heat transformation of 
radium-B to radium-C. E. Rutherford showed that radium-A emilk*d only a-rays 
and radium-C, a-, B-, and y-rays ; while radium-B was at first t hought Uj be rayless, 
but H. W. ^^hmidt found that radium-B cmitU*d ^-rays. These results were 
confirmed by K. Fajans and W. Makower, and K. von Lerch H. G. J. Moseley 
and W Makower showed that radium-B gives off as w«*ll readily absorb(‘d y-ray«. 
The ranee and velocity of the a-particles of radium emanation are respectively 
416 cms. and l'69xl6® cms. per tK*c. ; the range of the a-particles of r^ium-A 
is 4*75 cms. ; and the range and velocity of the a-particles of radium-t are 6 94 cms., 
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and 1 92 X 10® cms. per scf . T. S. Taylor found the range of the a-particles of radium- 
C to be 6'93 cms. in air ; 6 25 cms. in oxygen ; 30 93 cms. in hydrogen ; and 32'54 cms. 
in helium. The charge on the recoil atoms of radium-A and -B behaves similarly 
to that of the n‘(joil atoms of niton, <y.e. The decay curves ftf the. a-rays of the 
active deposit were studied by 11. L, Bronsfin. The cartes of the jS-rays were investi- 
gated by H. W. Schmidt, and H. L. Bronson, while K. Fajans and W. Makower 
showed that the j9-rays from radium-B furnish tw^o groups wliosc coefT. of absorjition 
in aluminium are 91 cms. and 18 cms. The decay curves of the y-rays were studied 
by H. G. J. Moseley and W. Makower. Th(^ recovery and decay curves were studied by 
E, Kutherford and J. Chadwick. According to II. W. 8chmidt, the absorjitiou coeff. 
of the j3-rays of raduim-B, in aluminium, are res[)ectivi*ly 89t), 8(>, and 13‘1 cms. ; 

B. Kutherford and H. Richardson gave for the ubtoorj)tion coeH. of the y-rays of 
radium-B, in aluminium, 2.‘K), 4n, and (>'51 i-ms. H. \V. Schmidt gave for the absorp- 
tion (JoefT. of the ^-rays of radium-C in aluipinium 1 3 and 53 cms. ; and for fbe y-rays, 
O'l 15 cm. of aluminium, or 0'5 cm. of lead. II. Ru hardHon also found a salt y-radia- 
tion with an absorption coell. of 40 cms m aluminium. According to E. Rutherford 
and H. Robin.son, and J. (3iadwick, the magnetic spectra of the j3-ray.s of radium-B 
and radium-C are very i-ornplcx. 11. G. J. Mo.seley and 11. Robinson found that 
the )3-rays of ladium-B in equilibrium with a gram of radium, furnish ()‘325xlOi^ 
pairs of ions corresponding W'lth an energy of 1 71 cals, per liour ; the y-rays simi- 
larly give 0 084/l0>!> pairs of ions corresponding with 0 44 eal. jkt hour; the 
jS-rays of radium^j lik»*wi.se gave 0'61 x Id'*'' pairs of ions corresponding witii 3'35 cals, 
per hour ; and Uie y-rays, 1 134 X lO'"' pairs of ions or 5 96 cals, jier hour .1 8zmidt 
found the distribution of energy in radium-B and radium-C in equilibrium with 
one another for the soft rays of ra<liuni-B ; the hard rays of radium-B ; rays from 
radium-C-- 1 : 45 : 639 ; or OOlxlO*, 0 49 >1(0, and (I OL^nIO^ e^^^s per sec. 

C. D, Ellis studied the magnetic spectrum of the ^-rays of radium-B. 

it is generally assumed that radium-A is isotopic with polonium, and elo.sely 
related with tellurium; that radium-B is isotopie with lead; and radium-C with 
bismuth. According to J. J’atkowsky,'* the radium atom dttriv(‘d from radium 
eiuanation deposits on different luetaLs m approximately the order of the electro- 
chemical si'rics ; ilius, 14 per cent, more deposits on silver than on aliiininium. 
According to E. Ramstedt, radium-B and -(' deposited on glass surlaci's from the 
emanation give mon> regular .solubility results than whendepusit^'d ongold or jdatinum. 
Only about one-half (nu'un (>52) of tin* aelive deposit on a gla.ss surface is readily 
dissolved; the other half is not di.s.solv(‘d at all on boiling with acid, but with 
gold and platinum the soluble part amounts to 6(> 70 per cent. This is (‘Xplained 
by the recoil of the radium-B particle in its formation from radium-A, driving it 
into the surface. For radium- B deposit'd on a plate by ]>rojeclion from a radium-A 
surface the whole is soluble. Rudium-C is sitluble iii the common acid.s, 1('.S3 so 
in alkaline liquids ami in water, and very little in organic solvents. Rudium-B 
dissolves more ipiickly than radiuiu-C in water and acids, esjM'cialiy wlu'n dil., 
less quickly in alkaline liquhls and very little in «)rganic solvents. Rudium-A is 
more soluble tlian radium- B and -C, an<l di.ssolve.'^ oven m organic solvents, especially 
carb«n disulphidi', which confirms its position in the suljiliiir family of elements. 
The speed of soln. increases with tlie temp, of (he, solvent, and S. Arrhenius’s formula 
applies a[>proxinmtely. it was found by depositing the active material on plates 
of gold ami })latimim previously saturated eleetrolytieally with hydrogen and ogygen 
that oxygen enormously diminishes th<* solnhility, especially of radiimi-C, whilst 
hyilrogeii diminishes the relative speed of soln. of rudium-A. The inlluence of 
oxygen on solubility is analogous to that on volatility. A. Fle(k discussed the 
isotopy of radium-B and actinium-B, and of radiiim-F, thonum-C, actinium-C, 
and bismuth. 

Radiuni-C emits a-, /3-, and y-rays, and since most substances emit either a-rays 
or j9- and y-rays, 0. Hahn and L. Meitner * tesU'd by the recoil method the nature 
of radiura-C deposited on nickel from an acid soln. of the active deposit. They 
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obtained evidence showing that radiuiu*C is a complex p^duct which deposits a 
short-lived substance ra^U]ii-C<j on a negatively charged plato. K. Fajana 
found radium-Co 8t*parated by recoil oinitt-<*d jS-rays but no y-rays. Tin* jS-ravs 
had aj)proximatcly t4»e suine i^nmeirating power as thost* cmitteil by radium t\ The 
amount of radiuin-C^ ol)taim*d by recod was small and possessed oidy about of 

the ^-ray activity of the parent radiuin-C. Radium-C prodiucd radium- i) by 
recoil in approximat-ely the amount recpiired for a vigorous a-ra\ recoil. The 
small amount of radium-Co so obtained indicated that it could not be adin'ct product 
of radium-C. K. Fajans and W. Makower further showed that radium cimld 
•not he in the main lino of desient from radium-Cj, Init must he a side ]»rodii('t. 
Hence radium-Ci breaks up in tw’o wijys ; about hi* d7 furnishes radium-l), wifli 
the emission of and y rays, and a small fraction, about (i tCt per (ont.. with the 
emission of a-rays, furnishes radium-(\ Tlic decay products from the emanation 
are therefesre : 

The transformations along the side eham radium-Oo have not l)een i-loselv followed. 
The at. wt. of rudium-C 2 ia probably 21(»; tlie half-lib* jhtuuI, J'.'W mms. , the 
average life period, 199 mins. ; the radioai tive con.stant A (> IDb min. or 8 1 a lir:' 
secs ; the absorption coell. for the ^-ravs is l‘l and bd ems of alumimiim. fn its 
decay, radium-Ci gives a-rays, radium Co gives olf fi- and y-ravs ; the initial 
velocity of the /3-rays is 2 1 ■ (<o 2 91 x'lO'o cms. per sec. K. A'lbrecht obtained 

for the velocity-ratio Ka-Co; l\a-C -t)(HHU. (\ 1). Ellis, and •.! Neiikirclu'ii 
measured tin* wave-lengths ol the y rays from radium-C. 
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§ 9. The Products of the Slow Decay of Radium Emanatioii— Radium-D 
to Radium-F 

M, 8, Curie, ^ F. GioHt'l, and E. Rutherford found that the activity of the deposit 
■obtained by exposing' a body to radium emanation does not all disappear when 
removed from the emanation ; rather does a small residual activity remain, the 
magnitude flepending on the quantitv of the emanation, and the time of exposure. 
The a-ray activity of the matter remaining after the decay of the products of the 
rapid transformation gradually merea-ses with time and aft<T 3<JU day.s the curve 
approaches a maximum value ; and the jB-ray activity approaches a maximum 
in about 41) days. The phenomena are inteqjreted to mean that the residual 
active tnatter consists of the products of three successive changi's— radium-D, 
radium- E, uiurradium-F. Radium-D give.s off slow j3-rays, and very .soft y-rays ; 
radium-E both ^-rays and weak y-rays ; and radium-F gives off a-rays. K. Fajans 
showed that radium-1) is dcriveil directly from the decay of radium-C ; the former 
can bo obtaiiu'd by recoil from tlu' lattiT. • 

J. Elstcr and II. Ccitei obsi'rvcd that the lead separated from jiitehblcnde was 
markedly reactive, owing, it was .said, to the presence of small quantities of radium 
and polonium ; K. llofinann and E. Struu.ss, however, eopeluded that the lead 
separated from uranium miru'ruls contained a new radioactive substance which they 
called radio- Itiad -a .similar term, radiitin lead, wan later applied to radium-G. The 
proparatiou of . radio-lead from uranium minerals (not autunite) described by 
K. A. Hofmann and co-workers i.s as follows : 

The chloride or nitrate hoIu. is Htirred with 0 02 o(j. of Hulpliurons or Hiil|thurio acid ; 
after atunding 14 days, the mixture ih filtered, and the precipitate aanhed. The radio- 
lead iH also separated from polonium by the fractional cryHtallization of the nitrate ; or by 
ddoumposition ivith sodium thiosiilphat** ; or by the electrolysis of tlie nitrate m warm dil. 
nitrio acid. In another proees.s, the chloride is diRO-sted for lOhrs at 35“^ with an wjual 
weight of fuming hydrochloric acid free from wulphuric acid ; the holn.^evaporatcd to 
^^th of its volume ; made up to one-fourth ot its oiiginul volunai with hot water. 

The Hltrate oontaiumg about half per cent, of freo hydrochloric a(;id, is treated with 
hydrogen sulpludo, and the .sul[dude waslu'd with dil. hydrochloric acid and then with ammo- 
nium sulphide. 

K. A. Hofmann’s radio-h'ad wa.s .nhown by E. Rutherford to contain radiutn-D, 
radjum-E, uud radium-F ; and, when fre.shly prepared, radium-D, a.s the primar} 

' radioactive constituent. Radium-I) is almost rayless, and when purified, as first 
described, radio-lead appears inactive ; but radioactivity is generated in the 
course of time owiug to the partial ileeay of radium-D into radium-E and radium-F. 
The chemical and physical iirojierties of radiura-D and lead are so similar that, 
in spite of the attempts of K. A. Hofmann and V. Woltl, F. Paneth and G. von 
Hovesy, B. Szilard, and H. HerschUnkel no satisfactory method has been found for 
oonoontiating the radioactive constituent, radium-D, from the lead. 

Among the imsiicceesful methods tried arc (i) by precipitation of chloride «oln. at 100* 
with dil. sodium thiosulphate and with hydroohiorio acid ; (ii) by precipitation with 
quadrivalent lead compounds, by precipitation of a lead oldoride soln., sat. with chlorine, 
with ammonium ohlonde, whereby plumbiohloride is precipitated ; by passing sulphur 
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dioxide through a uolo. aat. with lead chloride aud hydrogen chloride, wheieby iho lead 
,!chloride is fractionally precipitated ; and by precipitation of Itml dioxide by addilion of 
hydrogen dioxide or bromine water to a eoln. of lead hydroxide m aodiutn hjdroxide, or 
of bromine water to lead acetate; (ui) by adsorption methods, aa by jtreeipitation of 
barium sulphate or hiU^ofluoride in lead nitrate soln , or barium cliloride m a h'ail ehittritle 
aoln. by Maturating with hydrogen chloride; also by separating iron from lead ebli>ride 
•oln by the acetaU* pn*oipitation, by tviding potaasmm permangauate and alcohol to lead 
cbloride soln., and b\ Ixulmg the latter with dowers of sulphur; (iv) by distiHiition of ItMid 
chloride m carbon dioxide at ltKK>"“; (v) b\ eU'otrolysis m soln , imdi r \ ar\ uig eoiidiium.s, 
^ so ibal part of the lead separates on theeathode and part on ihe anode us diovide. and 
of moiten lead chloride, pure or mixed with |>otiLssium chloiide; (vi) b\ dialysis ol leail 
^nitrate through ^archineat papt‘r or uiuinal membrane ami dilTusion ol h'ud ehionde soln. 

It is therefore inferred tliat the nulium-l) and lead are i.sotojue. Aenirdme to 

F. Soddy, common commercial lead contains traces of radmm-D wlneh makes lead 

more radioactive than most of the other metals If lead is desired free from riidio- 
active proilucta, old lead should be used, since the aeti\e con.stitucnts will jue- 
sumahly have decayed. • 

A. T. Cameron and W liaiiisav fouml that after a large (juantity of purilicd 
emanation had betm allowed to ih'cay m a small eapillaiv, a hlaek, siih-inetallie 
film apjieared, and tins was a.seribed to the decay of the emanation into radium 1), 
This IS the simplest method of purifying radium 1) free from elements oilier than 
thosi' belonging to the radium senes. Another source of radmm-1) is in old radium 
prt'parations kept in a solid .state, or under .such conditions that tli<‘ emanation is 
retained; radium-1) .steadily aceiimulates m the system until about 8 nigrms of 
radium-1) are pre.sent per gram of ratlium; and i1 can he .scj>ara1(‘(! from radmm-F, 
aud radium-F, by jirempitatmu with siiljihune and; the radium*!) is sejiaraled 
from radium by adding a little lead and separating the lead by hydrogen suljtliide 
radium-D follows the lead. 

The at. of radium-1) is about 210. (i. von Jlevesy and F. Ihineth found the 
dilTusion constant of radium-U i.s characteristic, of that of a bivalent element being 
O'Of) 8(p cm, jier day. K. llutherford found radium- )) is volatile at a high tniip. 
The rays emitb'd by.radiuin-1) are so feeble in com]iarison with those of radium-K, 
that F. Rutherford at first thought ra<lium-I) is ray less; 0. von Jhiver, 0 Ijahn, 
ai^^l L. Meitner, liow’ever, detx-eAed fechh* /3-ruvs with an imtial velonty of 2‘.'11 ^ 
crn.s ])er sec ; the ^-ra\ s consists of two homogeneous beams emitted w it li 0’;U and 
O'dT of tile velocity of liglil, or with vehicitiesO U‘.)x lo*'^ cms. per S('C, F. Kovank 
showed that tlie ab.sorption ciielT. of the /3-rays m aluminium is cms, K 

L. Meitner thinks this too largo and gives rnixi nns.“’ Raduini-1) thus furnishes 
the softe.st known y-rays. Ji Meitner studied the y ra\s from radmmj), 
E. Rutherford aud H Riehurdson found evidenee of feeble y-rays witii absorption 
coefT. in aluminium of 15 and ODD cms. ' The transformation of radium I) int-o 
radium- E is too .slow to permit direct observations t;xcept over a jicriod of yi'ars. 
E. Rutherford e.stiinated its half-life jieriod to he M) yr.s , ami S. Mc\er and 
B. von Schweidler .'i7’5 yrs. Later determination hy E, Rutherfoid, R Thaller, 

M. S. Lurie, and G. N. AntonofI gave for the half-hfe jioriod, lb. 5 yr,'' , for tlie 
average-life period, 23 8 yrs., and for the railioactive constant A tJOL'J.'i yr., 

•llHxlO”** days; llGxlO~* hrs , 8'22 / lO ® mins.; or 137^1(1““ ^sccs. 
R W. Law’.son found that if polonium is deposib'd by electrolysis on a clean metal* 
foil it is found .sub.sequently that, at nontial press and in vacuo, surrounding 
objects become active also. The jihcnomenon can be explained on the sujijioHitiori 
that aggregaWs of polonium atoms are carried oft from the uctivi> surface and 
depo.sited on neighbouring surfaces. 

The 8|MTtrum of radium- 1) has not been satisfactunly iletermined, E. Dernurfay 
attributed the lines ‘ibhD b and 11 lb 8 in the Hpectrum of radio-lead to rudium-J), 
but the former ])os.sibly belongs to molybdenum, and the lattt-r to vanadium 

G. von Hevesy and F. Paneth iinjuired wlu-lher the mseparululitv of lead and 
radium-l) is due to our ignorance of a suitable method, or to (lie identity of the 
properties of the two elements. It was inferred that two elements are chemically 
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id 61 ltical, i,e. isotopic, when they are electrochemically replaceable. They found 
that cells of radium-D Sioxide and nitrate and of lead dioxide and nitrate gave 
the same difference of potential, and that ions added to both cells gave the same 
change of potential. , 

The growth of the j3-ray activity of radium-D, an^ the subsequent appearance 
of a-rayg, shows that radium-D probably decays into radiom-E. When a mixture 
of radium-D, radium-E, and radium-F is heated to over 1000°, E. Rutherford found 
that the greater part of the first and the last are volatibzed while radium-E remains. 
The P-atrahlendp, liestandteil of K. A. Hofmann’s radio-lead, is identical* with 
radium-E. 8. Meyer and E. von Schweidler thought that radium-^ is a complex 
of radium-E and radium- E 2 , because it furnished two j3-ray products with half-life 
periods of 4 '8 and 6 2 days. It was said that at a red heat radium-Ej is volatile, 
and that radium-E 2 is not volatile ; and that wh(‘n an electro-deposited film is 
treated with hot acetic acid, radium-Ej dissolves while radium-E 2 remain^ insoluble. 
G. N. AntonofF, however, showed that there is only one jS-ray product with a half- 
life period of about 5 days. F. Giesel separated a j8-ray product wdth a half-life 
period of 6 days from ])olonium, and he called it ^-polomum — this is taken to have 
been radium-E. In its chemical behaviour, radium-E behaves like bismuth with 
which it is i8oto})ic. 

According to 8. Meyer and E. von Schweidler, if a soln. of lead chloride containing 
radium-D, radium-E, and radium-F be boiled with nickel, palladium, iridium, or 
silver foil, radium-E is alone deposited on the metal. If much lead chloride be 
present, it is advisable to first crystallize out tin* lead salt. In old radium pre- 
parations containing radium-D, radium-E, and radium-F, the first named can be 
precipitated with the radium sulphates ; radium-E and radium-F remain in soln. 
When a soln. of a lead salt, containing radium-E and radiuni-F, is electrolyzed with 
about 4 microamps,, i.e. 4xl0“* amps, per sq. cm., radium-F is first^deposited on 
the cathode, and on increasing the current density to 10 microam])8. per sq. cm., a 
mixture of radium-E and radium-F is precipitated ; and with a current of 10“* amp. 
lead (and radium-D, if present) is deposit'd. This is in accord with F. von Lerch^s 
rule : the successive products of a disintegration serie.s is accompanied by a regular 
increase in the electro- negative character, the suci’cssive products b(‘ing each 
electrochemically nobler than the last, and therefore more easily depositt'd in elec- 
trolysis. As a rule, the succi'ssive products of the disintegration series become 
more volatih*, and more soluble in acids. 

Q. von Hevesy and F. Paneth found that the diffusion coeff., 0'45 sq, cm. per 
day, agrees with the assuiiqition that radium- E is tervalent, and belongs to the 
bismuth family. According to 8. Mey<'r and E. von Schweidler, and PI. Rutherford 
and H. Richardson, radium-E gives off rays which have an absoiq^fion coeff. in 
aluminium of 4d cm.s.-^ ; the magnetic spertrum gave no shaqi separations; the 
average velocity of the ^-rays is 2'3 \ l()‘o cms. per sec. The y-radiations are extra- 
ordinarily feeble, being less than O’d per thou.sandth of the j8-radiations, and have an 
absorption coeff. resembling that of radium-1). ,1. A. Gray found that the primary 
v-rays of radium-E are alile to excite characteristic radiations in elements of at. wt. 
l>et\xeen silver and didymium. The half-life period has been estimated by E. Ruther- 
•ford, F. Giesel, J. Danysz, G. N. Antoiioff, M. 8. Curie, and L. Meitner; the best 
representative value is 5 cfeys ; while the average-life period is 7'2 days. The 
radioactive constant is A- I HO x 10~« secs., 9-96 X lU mins , 5 95 X 10“8 hrs., 0*1429 
day, 52*19 yra. 

The first radioactive substance separated in 1898 by M. 8. Curie from uranium 
minerals was named polonium after the native country of M. 8. Curie. It appeared 
with bismuth in the ])recipitate obtained with hydrogen sulphide during the isolation 
of radium (y.f.). W. Marckw'ald obtained a radioactive precipitate by immersing 
a polished bismuth plate in a soln. prepared from uranium minerals ; the precipitate 
also contained t<dlurium and the radioactive constituent was consequently called 
radiO'teUurium ; S. Meyer and E. von Schweidler also called it radioactive bUmuth. 
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Hbese pToducto as well as the a-rtiy produd in rodio-lead aiyl the a-ray stage in the 
Ecay of radium-E are all thought to bt> identical ; their half-life p'riods are the 
lline within the limits of ex})erimental error. When it is desired to eninhasire 
K fact that i>olonium is a decay product of radium-K, it is called radlum-F. 
t Fleck discusser! the origin ‘of mdium-F. 

r M. S. Curie showed that the radioactivity of the sulphides precipitated frmn acid 
^In. of pitchblende by hydrogen sulphide, is due to the jiresi'iice of polonium. 
There are also present sulphides of bismuth, copper, lead, and a little antimony 
ind afeenic. She employed the following process for isolating the active 8ul])hide : 

^ The soln. madt' Btron^l> with h\«lrt><'hl<>rK’ aeid iin* pn^MjiitwIed with hjdro^ea 

Itilphide ; the Mul|ihuh‘rt thus priHupitattHl aiv \ery aetivi'. and aii' einjilu\<'<l lor llie pre- 
>ipitation of polonium ; then' n'initm in the moIii suhstniu'es not ei'inplelely jurcipituled 
in priwuice of exei'jw of hydroehlorie arid (hiHinuth. lead, antimony). To eoiiipleft' the 
pn.'Cipitatioq, the soln i8 <lilut+Hl with water, ami treated a^aiii with h\dro|,;en hulphide, 
which ^ive8 a m'ond proeipitnte of 8ulphides,«imi('h le>^^^ active than the tii'st. ami wlm'li 
■lavo generally Imm'ii ri'jeeted. For the further purilieation of the sulphules, they are 
washed with ammonium suljihide, which rt‘mo\cs the hist rcinamin^j: tracivf ot antimony 
md arai'nic. 'rhey are then w'nshcd with water and ainiuonium nitrate, and tiH'afi'd with 
ill nitric acid Complete holn ne\er occurs; then* is always an msoluhle residni', more 
ir Icsu eonsiderahle, which can lie tn'ateil afresh it it is jml;:ed expedient The suln. is 
pt'duced to a small volume and pnH'ipitateil either by ammoiua or hy exeess of wnier In 
Ijoth coses the lead and copper remain m soln. ; in the w'coml I'Ose, a littli' hisimilh, M’are<'l> 
motive at all, remains also m soln. 

'J'he pn'cipUate of oxides or basic nitrates is fraetioiied hy ilissolvinu' the pi» cipitate 
II nitric acid and adding' water to the soln until a surtieieiit quantity of piecipitate is tormed. 

It must Ik' borm' m niiml that soiiietiiiies the pris-ipilate dot's not at om*' np|ieiii ’! bi' 
pri'cipitate is st'paratt'd from the su|M’rimtaiit Iniuid, and re-tlissol\ed in mini iieiil, mIIi'i* 
whieb both thi' li<iuitls thus obtametl art' n' prei ipituted with water, ami tieiiled hn belori'. 
The difTcrt'nt fractions art' eoinbim'd aeeonlm^f to tlnur aeti\it\. and cone, is eariu'd out as 
far as possible,., fn tins wh> is obtametl a very small quantity of a siibstanet' ot wbieli the 
activity is very luyli, but wlmii, nevertlieless, has so far only sliowii bismufli lines iii tin' 
spcctroseopt' 'I'lii'n' is, uiiforl uiiately, btth' ebaiiet' of obtamim; the i.solatnai oj jiolonium 
by this means. Tlit' iiietbod t.>f fraetmuntion ju.st th'seribed pit'st'nts mans dillieiilt k's, and 
the case is similar with other wet jnoet'sses of fractionation. Whatever bi* the nielbotl 
I'lnplojed, eoinpoumls ai-e rembly foriiietl wlneh nit* alisolutely insoluble m dil. or eom* 
acids 'Jiie.se eompoiimis can bt* rt'-t||ssolvt'd only by rethu'inc tbein to the nii'tallie statt', 
C(/. Jiy fusion with pota,ssiuni CNanidt* ( ’onsiderinu’ tli<* number of opeialioiis neeessniy, 
tins eireiiinstaneo constilutes uii eiioiimnis ditlieulf^ in tin* pro^Mt's.s ot fraet lonat ion 

In ailtlition to the com’ of the active .sulplmle by precijiitatioii with liydrogen sul- 
])hi(lc from a (onc. aoln. m hydrochloric acid polomum Huljihidc in Ichh wdublc 
than those of Insmuth or lead and the jinripitation of the basic, nitrab' with 
water, wlu'rcbv ptdoniiim accumulates in the precipitate, M tS (hiri<* Hublimcd the 
mixed sulphides in vacuo, and found that polonium sulpliide is more volatile than 
that of bismulh. AV. Marckwald treated the livdroi ldorie acid soln. of radioactive 
bismuth chloride from pitchblende with metallic bismuth or antimony, and found 
the railioactive matter deposiU'd as a hlaek filtn. This him is nearly all tellurium 
since pitchblende contains about Otil jier cent of felhirium. To remove tellurium, 
tile metal wa.s dissolved in hvdroelilone acid, and the tellurium jirecipitated by 
hydrazine hydroehlon<le ; the ojieration was repeabMl a numbi'r of times. The 
Tiltrate containing bismuth, tm. selenium, and tellurium was eonc. hy eva[iorat»on, , 
treated w'lth a few drojis of stannous chloride, and dj^ested on the w^ater-hath. 
The ]>ret*ipitate was again dissolved in nitric acid, evaporub-d witli hydrochloric 
a<’id to drive off the nitric acid, ami the .soln treaUsl with sul[diur dioxide, ihe 
pHTipitate was aguiti di.ssolved in nitric a< id, evaporated to dryness, ami warmed 
with ammonia The amount of re.sidual radio-b'Ilunum corre.^ponded with .i mgrms. 
t»er 15 tonnes of pitchblende. W, Marckwald also found that when jilates of hismuth, 
copper, or silver are irnmersiHl in the hydrochloric soln , nearly all the polonium is 
deposited on the plates, M. H. Curie and A Debierne also, insb'ad of treating the 
hydrochloric acid soln, with hydrogen sulphi<le, introduced an iron plabt and found 
copper, bismuth, lead, arsimic, antimony were pr<*cipitat(*d. The jirecipitate was dis- 
solved in hydrocbloric acid, and treated with coppei' plate ; this was again >ii8»r>lved 
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ill acid, and tr^ati'd H[ith atannoiia ohioride a« indicated abnvi". H. M. Plum 
fifnplov<'(i a «iinilnr jirowas in thf wparation of polonium from carnotiN', Aicording 
to K, Panoth, the Heparation of raflium-Kand polonium from radio-h ad by dialy«is 
IH due to the fart that radium-K and polonium are both rasily }i\droIyzt*d in aq. 
aoln. The basic huUm or h^dro.xnhrt thus formed rmiain in s^)ln um colloids, and 
consequently do not pass through the mrmbranr with lead and radimn-1) If, on 
the other hand, a nitric and soln of radioaitive h-ad is d)alvs« d, tliere is no siqiara- 
tion, (1. von ifevesy found that the more Imsie radioactive jiroducts dissolve more 
rapidly in m ulral, alkaline, or weaklv acid soln than the nobler ones * 

The ele( trolvtie .%*paration of radium 1) and radium-K in radlod^ad bv S Meycf 
and K von St hweidler’s j>ro<esrt lias alreailv be* n desi nbed (i von llevesy and 
F. 1‘aneth studied the dei omposifioii [loteiitial of polonium in li » -soln . and 
soln with respect to nifrn and ami gold elei tmdes (Jold was enqdoved 
because it ha^ no special athnitv for jioloniuni, whu li i'' depositisl. frftm vajiour, 
preferentially on platinum and palladnnn. \itru and removes all but 0 ."i )>er rent, 
of the polonium electrm hi-nm ally diposit<-d on L'old. Imt haves |.‘5 per rent m the 
case of platinum lender similar i-oiiditions the ratio of the amoiiiit> of polonium 
deposited on gold and iilatiniim electrodes are 
as L’ .‘i The polonium un'-d wa^ e^timatisl to 
Im* in III '*.V soln Bv gradiiallv im reasing the 
nirrenf strength the lathode ami anode poten- 
tials vver*' uradnallv rai-ed A sudden increase 
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; was noted III the lathode at J,n^i D.'m volt 
and on the anode ai 1 do volts, Fig 14 

' The anodic deposition is to be e.Xjilailied, as 

. with rminganese and lead, ns being due to the 

dejfosition of a peioxide nf polomu’m. Dilliision 
: experiments show that polomum is bivalent, 

and the normal potential of pohmium, e.ileiilated 
from fill' de« lUMposition potential at Id i^A' is 
(I.’m IX (idL’H d .*)7 Volt 'I'liis lies near the 

normal potential of silver 4 li" < ah ulnied 

normal potential of polonium peroxide, m 

Id •b\-nitrje acid, is 1 d W) volt, that ot h <id being d ,S2 volt Hv varviiie tin* 
conditions it is phssible to eonline the deposition of polonium to the anode or i iitlmde 
at will, and the frai fioniil deposition of polonium as peroxide can he used to m parate 
it from metals, sm h as irohl, nieniiiv, etc, which are ra>t anodieallv deposited 
Owing to the tendenev to htrni colloidal soln , neutral or weak and soln are to be 
UViUded. |d ‘A’ nitric ai id being .suitable. 

h I’aiielliand 0 von lb‘\e«,\ extracted pohmium from the hiid mtriit^* dt'riv ed 

from pitchblende in tin' following manner I'lie vicid wa.s about ■''d per lent 'I’he 

hot Silt soln of tlu' lead niti.-ile is left to erv "talli/e. the mother iiipmr is separated 
l>y centrifuging, and after being .slightly tliluted i.s electrolv/ed with platimim 
ch'ctrode.s and a feeble current, a f«‘W mg of bismuth being ailded lo dimimsh the 
seiviration of radiiim-K The .athode potential mn.st not ex<eed --(iM volt, which 
cttrrcspoiids, in the .soln de.si ribed. with d'ltj nnlliamp. p«‘r .sq. cm , but if fn'cdoin 
from radium h IS desired, H |iotentiaI of d 5 volt or 0 1 milliamp pi*r s«j cm mav 
be used. St n ring is advantageous both in electrolysis and also on di position on 
copper, vvlncli i*) an eijually good method If polonium free from lead find radium-I), 
but not from radium-K. is required, so niueh cone nitric acid is added that lead is 
no longer cathodieallv deposited I’lider these I’onditions mo.st of the polonium 
can still he separated at theeathod.\ Bv volatilization at lOiKi ,all l>utt> l iicreent. 
of the polonium mav be rennived from the electrodes, which is difficult to do by 
boiling with acids. The polonimn vapour condenses preferably' on palladium and 
platinum, in sfieeial degnM* on the former, rather than on gold, cojiper, nickel, or 
tile walls of a quartz tulie. 
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Old preparations of radium furnUh radiuiu F: (i) by S. Meyer and 
E von 8< hweidler’s electrolytii; |tr<M <‘vs ; or (ii) hv tn'atinj;the aeidilit'd soln with 
hydrogen «ul])hide ; on liltration, an m\iMl*le deposit of polonium sulphide will 
lx‘ found on the liltei pajier . or (ui) by dijipuiii a pieee of plat ilium or luMimth hid 
in the soln when tin' polomum di‘poM(s on the metal Katlium K eaii alst) be 
obtained from radium emanation whieh has stood for some moiitlis in a "lass vessel. 
The excess of emanation is removed . the tilm dep(»Mted on tlie glass \\ alls is dissolved 
in suljihuri<‘ acid ; and the jiolonium pnrijiitated bv introdiiemg a piece of bismuth 
foil in*the solii. 

• The at. \vt tff polonium is aUmt 21' I. A Mus/kat. and 11 ller.schlinkiel consider 
polonium and r.ulium-A an* is<*t4*pic . Tin* chemical properties t»f polonium are 
closely r<*lated to tliose of bismuth.' and still mon* i hw lv ts> tli«iM‘ of t-i'lluniim ; 
but these element.s are not isotopic l*olunmm .stainl.s below tellurium in thcNcrtK al 
column of the periodic table when llit‘ elements .are arraiii^ed aeiordiiig to their 
atomic numbiTs The compounds arc easil\ li\drol\ /cd. redm-ed, and electri‘lv/ed. 
In analysis. |H)lomum follows bismuth, from wlmh it is separated as di'scribed 
above. F Faiietli. and If \V Liw.son |>rep.ired volatile po/t»/fO///i by jeissmg 
liydrogcn over ele< tro dejMi.siP-d jioloiiium heatetl t*i T<hi '.khi in a ipiait/. lube; 
and h Panetli. b\ allow iiiit eka tro depositeil polonium to lu ( oii lom.o'd hvdiogcii. 
Polonium (‘an be alloved with palladium and platinum, and. ac» ording to 
(i f 'ostanzo, palladium o( 1 ludes radium A w liieli is isotopu with polonium Aicord 
mg to F. Paneih, polonium .ind radium K are eiilloulal iii neulral^oln . ladium 1) 
in ammoniaial soln While ladmm (bus n<>t assume the (olhmlal (^um m neutral 
or alkaline soln , pithmiuin miijrates towards the (.ithode in and soln and towards 
the anode in aninioniaeal soln (f von lle\rs\ and F Paneth found tlieeoell of 
ditTiision. (iTb s(| <111 per da\ . in fe<dd\ and s<.|n , is eliara< lenst u‘ of a bi\alenl 
metal, but in ‘alkaliiK' soil! , sa\ |.V-.Njl the < oell i.sol'.isij em perda\. 

.V( ( ordiiig to P (.’line. (,) WiL'ger li Kiicera and P .Mas<‘k. M. Levin, S Meym’ 
ami eo Workers, W. Aliehl. 11 (iie<j«'r and .1 M Nutlall, F If ut liei loid, and 
if W. Jiawsoii. radium-F emits u pattj<h‘s with a range of 77 ems in air at lo . 
and with a \elocitv 1 (i| ■ pi^ < ms per ><•( T. S Taxhu found at lo a r.inge of 
.'P7# cins in air, d Idcnis in o.wgeii. It) x.‘» ems m h\drogeii.and I7b2(nis in helium 
1. Curie found (he vehx it\ of the d-niN’s of pulonium to be l.V.t'l lo'* eiiis per sec. 

Muszkat and I. Wertenstf'in stmlieil the tlm tuatioiis of tie* o ladiatioiis of 
polomum. M S Curie showaxf that the a r;i\ s from jioloniuni proiluee < h''mical 
and physical etb-i ts like tlio.se of radium .V. milligram of polomiiiii lioW(‘Ver. <'mitH 
as manv a-jiarticles a.s 5 grins of radium. Tin- (t-rass are houiogeiieoiH, and no 
/?-raya are emitted Tin- lialf hh- p*Tiod. deti‘rmme(l bv M S (hirie, S Mewr and 
F. von Scliw't-idler. F Case!, H P('e<pi.'r.l. F Kutlnrford. W, .Mankwald and 
H (freinacher. J W Waters, F, Ifegem r. and K (Jirard. averag<'s L'KIdavs; and 
the average-life period. P.Xi days. Tin* ra*lioa<tive constant, A o <SS p) ^ sei s ; 
d -V-hS X P)“^ nuns, ; 'J 12 • pi“‘ hrs , r)(»7X • P( * dav.s , or 1 \ rs .M S Ciiri(( 

found that if 0 di'iiote.s tin- m-'aii interval betw'«M*n tin* emission of a parliele.s bv 
polonium, the fraction of the total mtervaks of gn-ater duration tiian r, is c 
‘^lic found A to he (MX)P.ui (lay“*C ( orn sponding with tin* ava-rage life 202 (la\s, i^nd 
the }K>riod of lialf-cliange Ho<la\s. [) Iheie foiuid that. about. one in P>dS o-purticles 
of ))olonium show a branching jiath in hvdrogeii gas *T. li. Wilkins sludn fl the 
ionization produced by tht* a-rav« from polonium M S. Curn* ami A. Diduernc 
extracted from .several toms of piP bblende 2 mgrms of radioactive matter containing 
about (» 1 ingrm. of polonium. The «pectrum showed the presr'nce of many elementfl 
and of new lines 1(112 (t, 4170 .0, 'JiPd (». and .‘'»(m 2 I, whieh were a-si ribed to jxdoriium. 
Other line.H were de.s(Td)ed hut tiieir eonner tmn witli polonmm is doubtful Tim 
new' lines are being periodi(;ally examined to find if they disapjiear and give jdace 
to the Sfiectral lines of lead, suspeep’d Pi Is- the prodm-t of the d<‘( ay of radiiini-F. 
The saturation current produced Is tw^ en two infinitely extended plaP* eie* trodes 
by radiuin-F has been studied by U. Richter. Every a-particle from jxjlouiurn 
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wts obat^rved by H. f^iger arid A. WeriHT to produce a scintillation when it 
itrikea a crystal of willemite. F. Pancth found evidence of the formation of a 
POloniom hydride by the action of magnesium powder on soln. of salts of that 
element, and the com|jound was studi( 5 d by F. Paneth and A* Johaniisen. 
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§ 10. The Progenitors o! Radium 

Uranium ha.s a higher at wt. than utiv other clement ; and it is also eharui teri/.ed 
by an unusually large number of .spirtral lines F. K.xiier and K. IIuschok,» for* 
mstanoe, record flHO lines m the arc-speetrum, and .Klo.'i lines in the .spark-spectrum, 
ihesc facta supjiort the assumjitiou that uranium is not a liomogeneous elenu>nt, 
and thia view' ia m harmony with the evidence derived from a study of the radio- 
aetivity of this element The early e.xperimeuta of M S. t 'urie had demonstrated 
that the radioactivity of uranium i.s an atomic property m that it is depenilent only 
on the lunount of that element pre.sent. and is not atlocted by the nature of other 
inactive elements with whi» h it may be combined. 

The genetic ndationahip between uranium and radium is emphasized by the 
fact that (i) liadiuin and uranium alw’ay.s occur together, and the two elements 
are not sufticieutly common for thi.8 to be due to men' idiance ; and that, as previously 
shown, (ii) the proportion of radium to urauium in old uraniferous minerals is 
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almost myariable, being nearly 1 : 3,400.000. Given the amount of manium in a 
mineral the amount of radium can bt^ computed from tbia ratio V : Ha 3’4xlO”'^, 
This approximate coustancv la clearly the result of an equilibrium bi*twt»en pro- 
duction and decay. The supply of radium is n^gulated by its relative ratoa of 
formation and degradation; and when the sjsvds of the opposing reactions are 
balanct*d, the ratio radium : uranium must be e^mstant. It is interesting to olw<‘rvo 
in this connection radium lias been shown to be a disintegration product of the 
radioactive elements — vidr supra ; and that a very small amount of helium is always 
found* occluded in uraniferous minerals. This subject has been investigated by 
Tt. J. Strutt, B “B. Boltwood. K. Hutherford. J. Grav, R. J. Mo.ss, M. S. (hirie, eUs. 
Assuming that no helium escapes, the small amount bniiid in a given rock will Iw 
a measure of the time which has elapsinl sinee the birth of that particular sample, 
but this gas must be constantly leaking into the atm., and, consequently, the age 
so compuU'd will be a minimum age of tly mineral, for tlie mineral may bf‘ older, 
but not younger tliaii the age so computed. Henc4‘. l>v determining the rt'lative 
amounts of uranium and lu'lium m a miia'ral, its minimum age can be j'stimated. 
In this way, H J. Strutt I'stimated that it reqiim's eleven million y«‘ars to produce 
one c.c. of helium per gram of uranium. 

l-'nder ordinary conditiona. uranium and all it^ salts presumably freed from 
radium— are radioactive ; tlie freshlv ]»repar<‘d uranium ]irodu('ts give only n rays, 
but ^-rays are slowly develo{»ed, and iiu reas** up t^) an ^Mpnlibrium value which is 
attained in 6 to 12 months. Some y-ruvs an* also given oif. W. Grookes * showed 
that uranium could be jirepared photogruphicallv inactive, and tla* whole of the 
ai'tivity eonceiitraU'd in a small n^.^idm* fn‘e fnun uranium, bv precipitating a soln. 
of a uranium salt with amnutmum carhonate. On dissolving the jireeipitate in an 
excess of the reagent, an insoluble residue remaineii. This was liltered off, and was 
found to be manv hundreds of tinie.H more active pho(ogra])hieHlly than the uranium 
from whieli it had been scjiarated. It <-ontaiiHMl a small (juantity of what was 
called oranium-X to distinguish It fr«»m uranium or uranium proper. K. Soddy 
and A. S Ku.s.sell sayl liat tlu* suec ess of \V. Cnuik^'s’ proc<*Hs (lepeiid.s on the jiresenco 
of small quantities of iron and ulumimum, for the uraiiium-X attaches itst-if to the 
inaoluble inqnirities If higlily purified uramuiii be 4‘mployed, it m best to aild a 
little ferric salt so as to fix t)i<' uranium- X This process was also used by 
H. iSchliindt and U B .Mo<jre, arul l»v O. Hahn and L. Meitner. 8. J. Lloyii 
separab'd the uranium . X from the iron, hv 4lis.solviiig the insoluble mass in cone, 
hydrochloric acid, and extracting the soln with ♦*ther sat with livdrogeii chloride. 
The uranium-X remains in the aip la\er In the amnioimim carhonate process, 
F. Soddy recommended tlissolving the jiret-ipitab* in lu’id, and jiouring tlie soln. 
into ver)' cone. aq. umniomum earlxmate. The soln, can be fraetioiiully preeijiitatiMl 
by boiling. According to the nature of tin* iin|»uriti«‘M, the uramum-X comes down 
sharply and definibdy with one of the fractions, usuallv in the middle of the WTies. 
Uranium freed from uramum-X emits only a-rays ; urunium-X is resporiHiblc for 
the )3- and y-rays. 

T. Godlew'sky found that the nitrub* of uranium-X is more soluble in water than 
that of uramiim, UOofNOs)^ bH^U, that on crystallization urunium-X gradually, 
accumulab's in the mother liqual. Henei-, if a layer (^f crystals of tin* nitrate be 
hcab‘d and allowed to cool shjwly, crystallization begins at th<* liotbmi, and the 
uranium-X accmmiilates m the surface layers In the eoiirw' of time, the uranium-X 
gradually diffuses from the Hurfu<’4’ layers, and becomes uniformly <listribub‘d. 
This account-s for the anomalous charigi's in th** /9-ray ai tivitv of uranium obwrvcd 
by S. Meyer and E. von Schweidler. This mcthotl of is/dutirig iiraniuni-X was 
employed by F. Soddy and A S. Russell, and B. Szilard ; they found that if a hot 
soln. of 8|). gr. 2 05 be allowed to cool, almut two-thinls of th«* salt cr3^Htallizf;8 out, 
and the mother liquid contains about six-w*venths of the bital uranium-X. Tlui 
uimnium-X can thus be rapidly cone, by smeessive crystallizations. 

According to W. Crookes, if cr}'stahi of uranium nitrate be shaken with sq. 
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ethyl ether, the lower layer contains uranium which gives the a- and the ^-rays ; 
while the ufiper ethereal laver contains uranium which gives the a-radiations only. 
Uranium X thus accumuiat 4 -s in the aq ]a\er I he extracted uranium regains 
its power of emitting ^-rsivH and attniii'i a iiiuxuniuii in O-l'J months. A second 
({U&Otity of uraniiiin-X can he extracti'd from rcbUmnl uranium, and so also a 
third and fourth rxlnu tinn can hr made ; and, so far as vu* can gue.ss, the extraction, 
rcrtt^iratio/i, and re-exfrai fion can he repeated an indctimte number of times, that 
is, until all the uranium ims Ix-en tran.Hformed into uramum X Hence, it seems 
impossihle lo avoid the inferenee that oraniam is continuotisly and spontan^nsly^ 
decomposing into uranium-X and a-particles of helium. U. Moore and* 
H. H<’hlumlt, and F. lleNs, eiiij»lo\ed a. nund)(T of .^oIvents methyl or ethyl 
ether; acetone; methyl, elh\ 1, or uMi\ I ah*ohoI ; or meth\ i or ethyl acetate. Th(‘y 
said that ac«‘toiie and methvl acetate gave the results ; and that the solvents 
work better if a little iron salt is nii.xed with the uranium salt. () II. Gbhring 
condnned tlie aninioimitn earhonate and tlie ether prme.Nsis. 

nOO I'rriis, ot to^iily [xnvdereO uranyl nitrate wu.s dis-iohed in .'tOO- tiOO c.c. of ether ; 
the layer eontamed the uranniin-X and wan separateii fidin the ethereal layer by a 
leparutini;; Innnel. LV aiainoniiiin ( aihonate uhh added to the uij solo until a precijatate 
was fornuHi. 'I'lie preeipiiate was dissolve d in an exet ss ol the mnnioiiiuni carbonate soln. 
Th« insohihli' iron or (hoi nan hvdroMile was allowed to niand an hour, and lilterecl liom the 
uranium woln 'I'iie ^vho|^• operation oenipu s iihoiit l! hr-t , and the Meld ot uranium-X is 
about liH per ei'iit, 

• 

H. Ilec(|iiercl, and M. f.evin .showed tliat urjitmini-X is entrained with hurium 
or eiilciiun sulphate [ireeipilated in the Holn ; and II Ih ujiieie!, M l^evin, V. F. Hess, 
UIkI a Kit /el found that when the nranitiin .salt .soln is lauletl with annual cliarcoal, 
or soot ohtained by burning naphthalene, the uranium-X i.s ad.sorbed liy tiio solid ; 
and the carhon ran then he removed by lenitioii Aeuordint; to A* Kitzcl, if a 
thorium salt he [iresent. tlie uranium-X eaniiot be .separated therefore hv ( harcoul 

pre.siiMiahly Ihoriiim and nraniuin-X arc plusieally and (hcjuKalh i.sotoptc. 
A. Kit/.cl sliowcd that there i.s a detiiiitc cipiilihriiim < mistaiit iii the partition of the 
uranium-X in the soln and ui the .solid , and A .1 Kerrs obtained an analogous 
rc.sult with hariimi .sulphate m place of carhon A, (' Brown found the ad.surption of 
urunium-X hv ba.sic ferric acetate is proportion.il to the <on» A Fleck di.scii.Hsed 
the i.sotopy of uramum-X, thorium, and radniK timiim 

K. Keetiiiann added thorium (o llu' uraimim soln and pm ijutatul the acid 
soln. of uranium-X un<l thorium as fluorides h\ adding h\drotluoric acid li. N. Anto- 
nolT added a lanthanum salt in place of a thorium .salt, and afterwards precipitated 
the latter with .sodium thiosulphate. A. Kit/.el also reeotniuended separating 
iiramum-X bv adding som»‘ .sodium pho.sphate to tlie strongK ail'd soln, and 
lusutnili/.ing with dd. .sodium h\droxide. .\ part of flie uramuin graduallv sej.arates 
ns phosphate, which contains all the uranium X The pho.spliatc' is di.s.soi\ed in 
Ruljihuric aenl. .some eenum .salt us atlded, anil then liNdrolluoric acid The 
uranium-.X is precipitated with the tliiondcs K. FajansamlO II liohring obtained 
good rosulls with this proce.sa, 

• (Jf flAuigsehtuitl ri'i’DituueiuleU puiilMti^' uramuin fiom other uuhnaetue .-.uhstmiee.s by 
lidding thurium nitiute to a moIii of uiaiuum nitiate in lutne a* id, mid prei ipitating with 
oxahe Hoid. Tho filtrate i.s then evaporated to dr\ness, uiul the oxalate deeuinpoKed by 
oaleiriation. 'I'he resulting oxide i.s disMiIvod in mtiie aeul. mixed witli lead and bismuth 
nilrnte and treated with liydrogen sulplmle I'he tilirate i.s then punlied by adding a 
barium swU and pis>eipitating the barium as milphate The thorium oxalate jinsupitation 
removes radiothormm, ionium, aetmmm. radio-aetiiimm, and uranium -.X ; the lead and 
bisnmtl) sulphide nanoves the rathodead and polonium; and the barium .sulpliate pre- 
cipitation rt'inoves radium, ineM>tbornim, thoriiini-X, aotinmm-X, and iiramuni-X 'I be 
process has Immui di.seiissed l*y K 8oddy and T. I). Mneken/ie, i; N. .\ntonolT, and S. ^fe)er 
and F. J’aneth. 

Uranium freed from uranium-X omitxs only a-particles. H. (b iger and E. Ruther- 
ford found that each gram of uranium emitted 2‘37xl(K a-partieles per second , 
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while a gram of a mineral in radioactive eijuilibrium emitt^l 9’6xl(>* |tartiole8 wr 
second. They therefore inferred that the deray of the uranium atom is atbmded 
with the emission of two a-particles. H. N. Melov and W. 11. lloss, and B. B. Bolt- 
wood also concluded that two a-|iarthles are emitted l»v uramum for one by radium 
or ionium. E. Marsden and T. Barratt fouiul that it is very unlikely that the 
uranium atom emit* two a-particles siimiltanemisly. becaiis*' no sign of doubles waa 
obsiTved by the scintillations method ; rather was it inferred that the uramum breaks 
into two distiriet substaiu es in e(juilibrium each one of which bn*aks uji with the 
einis.sibn of one a-particle Kxperimenta were made bv A Koch, and K Knedmaim ; 
^hile H Ueigcp and .J. M Nuttall showed that two grou[»s of a-ravs are emitted 
from uranium at 15^, one, of range ‘J 5 ems and vehuitv I’d? n 10* ems. per wr,, is 
eimtO'd by say unuiiuill-I at. wt., 'J.'kS.'i; and the (»ther of range l! cms. and 
velocity 1‘44 v lo** ciiis per .ve., i.-^ emitted hv uranium-II at. wt , 2’H o Hene4‘, 
uraniom freed from uranium-X is a complei containing two components which 

emit a-ra3^. NosiU'et'>s ha.'< atteiuled the'etlorts t4> ^eparate these iompoiieiits by 
chemical treatment 11 (leiger ami K Uuth. rford, S. Me\er, 11. N. Met'oy, and 
M. S. ('urie have deduced that the half value jienod of uramum 1 is 1 8,\loi* vrs ; 
the average life period is 7 U \l<>* \r'’ , and the radioa< live constant A 1 1 - 10 
yrs or4‘4'ln secs , v\ hile for uramum-11. tiu' half life peraul m approMiiiately 
2 /lo® yr,s ; the average-life jieriod, .‘J - lo* \ r.s . and the radioactive <'onstant 
A d A lo ' yrs or lU'i-* mts rramum II is the parent of ionium, and is 
de.seeiuled from uraiiium-X^, ^ 

rranium-X has jin at wi ’J.do.d. it emits /3-rav s , and. as show u bv A. S. Kve, 
and K Soddy, it also emit.s feeble y ra\s which ha\«- a jM iietrating imwer not much 
le.s.s than the y-r*i\ s of radium. The absorption coell. of tlie y ra\s for lead is 
0 72o ; for gla.ss, 0 122, for magne.sit^*, (M)‘i 17 ; for .sulpliur. 0‘0b21 , and for 
paraibn wax! H Kiehardson foumi for aluminium t) 7(^ em. b and tt'Mtt 

em."b H W Shmidt fmind that the /Jra\ s aie fairiv penetrating and have an 
ahsor|ition eo(‘iT, l.'iem.s"** for aluminium ; it also emits some soft /j-ravs with an 
abiMimium ahsorjilKkn eoi*lT of .‘»10 (iii.s"' The lom/athm prodined hy tlie soft 
^-rays was at first ascribed to the emission of some a ravs liv uramum X, but 

Ia-mu showed that this interpretation was wrong 1^. Meitner studnsl the 
j8-ra\.s uf uranmm-.X and Hhowe<l that their velo< ity is 95 per cent of that of light. 
(Tamnm-X has m't heen v<t)atili7,e<l. IJranium-X loses itsa< tivifv in the e< iirsi'. 
of a few months; the lossfnllow.s the exponential law, Tlii.s lias been investigated 
by K. Kutherb»rd and F Soddv, F Soddv and A S Bussell, S Meyer iiikI 
K. von Scliweidler, V, F Hess, and H N AntonolT, who find that the hall life 
p(*riod Is nearly 21 f> davs. the average life jM>riotl, .H5 5 da\s; and the radio- 
active constant, y (M>2^2 day. 

The two ,set,s of /3 ra\> hart! and S(dt ex]»elled 1»\ uramum X were shown by 
K, Fajans and O II Hohring to be prodmed bv two e<uiseeutive i hanges. and not 
by a .single cliange The two proilmts eaiinot be separated by retoil, but they 
eaii be resolved 1)\ eheiiiieal and eleelna hemical meth<Hls F Soddv and .1 A. t’ran- 
.ston found that when a prej»aration of urunium-X is heat^-d in a i urrent of air and 
*carbou b'traehloride vapour uranium-X^, m readilv volatilized from uraniuii^ Xj. 
Both comp<ments emit ^ ravs and y ravs the velocity of the /3 rays of the one,* 
called oranittm-X], is I 44 ^ 1<H0 to 1 77 ' ems |)ef sei' , and the velocity of the 
)3-rava of the other, eallrd aranium-X;*, i.s 2 lb ' iD^^^ to 2'HX ems, per wiC. 

The half-life jienod of uranium-X 2 i« 25 5 days ; the average-life jienod. .55 9 <lays ; 
and the radioactive lonstant, y iMi295 dav or 5 41 / l<r ^ kiss, The half life 
period of uraiiium-X.^ is 1 17 mins , the average-life jienod 1 t>9 mins, , and the 
radioactive constant, A <> 59 mm , or 9 9 r fu < s4*< h These results were eonfirmed 
by 0. Hahn and L. Meitner, (i N Ant^moff. and by A F]*-(k 'I’he absorjition 
coefl. of the hanl ^-rays from uramum Xj is 15em.s,~^ <if alunnnium , and that of 
the soft /3-rays from uranium-X« is .‘MMi ems. > of alummimn. H. Kiehardson 
attributed the harder y-rays, with an absorption coeff, of U 14 cin.~^ of aluminium, 
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to nnnium-X: ; »nd the softer y-rays, with an absorption coeff. of 24 and 0'70 
CUM of aluminium, to uranium-Xj. G. von Hevesy gave ()'40 8q. cm. per day for 
the diffusion eonutant of uranium-Xj/, and «ai<i that it eorre^ionded with a quadri- 
valent element. Uranium-X.> i.H a nohler el^nneiit than uraniuni-Xi, /.e. the former 
depoaita on metal« more readily than the latter. The closest chemical relation of 
uranium-X 2 tantalum, while uranium-X 2 is isotopic with thorium. Uranium-Xj 
occupiefl the vacant place in the periodic table corresponding with ekatantalum ; 
it therefore coostituti'S a distinct chemical type, anti its di.sf’ovcrcrs jiropose to call 
it tewfom, symbol Hv, in reference to its short life. G. von Heve.sy, and A. 8. Russell 
interjiret the seipience of the decay products .so far considered ifs uranium-I“>' 
uranium-Xj“»urunium*X 2 --»iiranium-lI-» . . . The parent of uranium-Xi is 
therefore uraniurn-l, and that of uraniiim-X.r> uranium-Xj ; the decay of uran- 
ium-Xj furnishes uramum-X.^ ; and the d»“cav of uranium-X^ furnishes uranium-II. 

The separation of uranium-X, from uranium- X.^ was discussed by 0. H. Gdhring 
and K. Fajuns (Iranium-X^ is so slmrt-lived that not more than a coujile of 
ininiiteH shouhi elapsi* betwcoii its first precijfitation ami its (‘.xposure to the 
electroscope. The first luethofl rests on the electroiiegativf; ciiiirafdiT of uranium-Xg. 

A feebly aci<l soln of uraniiim-X containing soim* iron salt was poured into a clean 
lead capsule, stirred for a minut*, ami the .soln jiourf'd off The capsule was rapidly 
washed with alcohol and etluT. Tin* deposit of uraniiim-X^ ran then be tested with 
an eleetroscope. A .sf'cond method rests on the analogy hftwts'ii uranium-X., and 
tantalum, and u^anium-Xj and thorium. If a soln of tantalib rous iiranium-X 2 be 
ti’sted with u ryagent whu’li preeipitativs tantalum, but not thorium, the tantalum 
will retain the uranium-X^ while the uranium-X, will reinuin m .soln. 0. H. Gohr- 
ing and K Kajans (irecipitati-d tantalum as hydrated fanfalie acid from neutral 
or feebly acid soln. containing pota.ssiiiin he.xatantalate The ini.vture was filtered, 
washed by suction, and lirhal over a hot jiorous tile. The jjreeipitate retains less 
than ()'2 per cent, of uranium-X j. O. Hahn and L Meitner ])ro( eed as follow's : 

Tlio mother lH|Uid reniHtning after llie crj^Htnlfi/nlion <if uriwol nitraf(‘ three tiint« 
was pour«'<l into an ('xeen.^ of a soln of ummoimnii eai}>on»th‘ 1 lie nraniuru X was tiis- 
solved in aeid, and liliere«l. A few iniili^'rniiis of lantaiie aeid vui-* hoih il m water and 
pourtsl over tfu» uraniuin X on the filter. 'I'fie inodm l \H4S 'uniply dned, or washed i^id 
drhuf. 'I'lu' prodiiet wa,-! itien tested witfi the eleelrnseope. If a leehlj a< id soln. bo used, 
a n'latively huge {noportion of (iraniutn-\| is leKiined ; winh' w ith i nne aeid less uiamuin-X| 
!■ obtained on account of its solubility iii tin* acid. 

If u soln, containing uranium-X^, an iron salt, and potji.s.siuni fhiorotantaiate be 
treated with a sat. .soln. of ptda.ssium sulphate, a liocculent precipitate containing 
the uranium-X^ is obtained. If silver nitraN* bi- mhled to a dil. aeetic acid soln. . 
of uranium-X containing iron or thorium, ami heateil, the preeipitated .silver retains 
the uranium-X.^. If hydrofluoric arid 4)r ammonium fluoride la' added to a soln. 
of uramum-X containing some thorium, the uranium-X^ will be ]trecipitated with 
the thorium fluoride, while the uraniiim-X.^ nunaiiirf in soln 

8. Meyer and K. von 8t*hn,>idh'r, H, Jhvqiierel, and F. Soddy obtained evidi-nce 
of the as.soeiation of a short-lived product with urauium-X. G. N. AntonofF found 
that /ho decay curve of uranium-X depended on whether it had been vSeparatod by * 
^irtH'ipitating barium sulphate in the uranium salt soln., or by adding a ferric salt 
and boiling. Tin* decay eufw of the former, with either the hard or soft jS-rays, 
was exponential (or a jicruid of 24 days, while that of the latter, with the .soft P-ravs, 
was faster than normal (or the tirst few days ; while if the soft P-rays were S 4 ’.reened 
off, the decay curve was normal. It was therefore inferred that the jirecipitated 
ferric hydroxide ab.sorbs a sluirt-lived product, called oraoiam-Y, which is not 
present in the precipitated barium sulphate. Uranium- Y has been also studied by 
A. Fleck, A. Piccard and E. Stahel, F. 8oddy, 0. Hahn and L. Meitner, and E. Rona. 
The at. wt, is given as 230 5, It was inferred from the decay curve that its half-life 
period is 2r)'5 hrs. ; its average-life period is 36'8 hrs. ; and its radioactive constant 
AmO'46 day, 2*72 X 10”* hrs., or 7*65 X 10~^ secs. It emits soft P-raya, for which the 
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absorption coefl. is 30 () cins and some for whk hthe absorytion iwfT. is 250 () oma.'*^ 
There is a little evidence of th«* emission of a very small jjroportion of o-rays. 
Uranium- Is isotopic with uramuiu-Xj, and is thought by some to Im* progenitor 
of the actinium wnes of radioa« tive elements Thf increase' in the activity of uran- 
ium freed from urauium-X showed that uranium- Y could not Ih' jmnuit of uranium-X; 
and the fact that the amount of uranium-Y WiW inde|H‘ndent of the age of the 
uranium preparation showed that it wiis not pnnluct'd by uranium-X. Hence, it 
is inferred that uraniuin-Y’ is a ^ub‘ branch proiluct concurrently formed, in exceed- 
mgly*minute proportion, with uramum-X, or ionium, lo. The desi ent is either 


Ij ^ . 

* ^Ux,->tV 


* U y ? 

► or, Ux, . . 


J. Dnuue rejHirt«Ml jot anothor pnKtuot iii uraiuuin X wlueh hr ottllo»l nuhn-ur<iniutH, 
l>ut tlir rrpbrt }ihm not Imm u \onti*'<l, mul it ih to Imvr from ohsorvaiittn* on 

imjM‘rfrrtly puritird uranium whu h oonlaiiiH iluuij radioiu-tivr Mil>staiicrs. \ I'jecard and 
K Stnlirl n poit<‘<i a Hulwtiuirr urantuut \ Ik‘ tin* wuino «.if thr aoft radiations rniitUHt 
t)> nrainuin-X, tail (). Halm hliowinl that thr rlTint iw poasihly dur to thr rvmtenro o( 
uraniuni-N', 


Ag'dirtic eoniK ( tion het\ve«-n uranium au«l radium is so strongly indicated by the 
constanev of tie* 1' : Ibi ratio in imnrrals, tliat a search was iiuub' for an immediat/O 
jiareiit of radium K Rutherford and K Soddv ’’ orii»inallv siiggesteil that uranium 
is the priiiiarv soun r of ladium. but tlu* hu't iiaiued found tlial llie rate of prodiietiou 
of radium in soln of uranium nitrate, freed from uraiuum-X, was a llioiihaiid times 
smaller than would obtain if tlie uranium pa.Ksed tlireetly into radiuTu, li. H, Bolt- 
wood likewise detected no growth of radium, ov«t a perioil of .'$!«) ilays, in a soln. 
tontuuiing RK) gnus of purified uranium nitrate. These n'sults showed that 
unimum dot^ not change direetlv into radium, but that an unknown product of 
slow trail, sformatioii occur.s as an iiit<*rmediate proiluct m the ]tnKsagc of uranium to 
radium, fl. B, Bollwood at first concluded that netinium was the missing inUT- 
mediate jiroduct heyaiise the radium content of a sample derived from carnotiU* 
increa.si-il by 8 0 ■ liri gnus in Rtd days K. Uiitherford, however, found that 
w^ile some .samples of uetiiuum behaved like B B. Boltwood's specimen, other 
samples (lid not grow radium to an ajipretiable extent. It was theref()r(‘ eouciudeif 
that t)ie parent of radium was not a< tmiuiu it'^elf. but rather an unrecognized radio* 
lu'tive component j resent in ai tiniuin. B. B Boltwood named this product ioniunit 
lo. He found that the loiiium followed the aitinium 111 the separation from the 
uranium minerals Actinium and ionium can be separaRal. Nearly all uranium 
minerals eonlairi .some thorium, hut neither B. B Boltwood nor B. Keetman were 
able to separate ionium from thorium The two elements eaunol. be separattHi 
by tile fractional sublimation of the acetyhi^’etones, and it is doubtful if ionium hat! 
Imh'M obtained free from thorium. The only way to get ionium free Irotn that 
element is to find a mineral (ontaining no thorium. F. Soddy added : 

Its elicniislrv can Ik> fiillv uiul iieeiirnl« ly iIcmtiIshI in a sinjjle wutenee. If. rtwndileii 
thorimn in its khole iialure, ics fat as il 13 known, with nhwihilx' eonipJeU'nesH, so (hnt not 
• only IS no He{>aratuiti of th<' two ek-nienis possihle hv anv known nielhoil, hut. no etpeen- 
tration of tlie one etmstiluent with reft-P-ie e <0 the oilier hiis Issai iieeoroplisheii. Hueh 
alteration of eoneenliation eouM he omlily ileu^etinl. if it oi^i'urnsi. even wilh the infirutesi* 
ninl ainoiiiitH ol lomutn used, In cause of the inti-nM* a-aetivity ol the lalt.<'r, J hoiiurn and 
toniuiii form a pair of non wparahle elementM Hadio thoruirn. eertainij , and, tM cording 
to some Huihonties, urnniuru-X. an- nls«» uon w'parahlo liom thorium 'I his apparently 
complete chemical identity of differs lit identi-nts of, m some eaw s, dith tent at. wl , )« ono 
of the most imjiortant resiilts of flu- study of radioa<'tivit> , and runny other cxamphvi will 
occur It must bo remendtered that the theinmtrv of thorium Iihh Iss-n (lowly and ex- 
haustively studied on account of its reMUihlaneo to and aHHoeiation with iiiiiny other rare 
earths of no technical value, and in <onwspjence a largo niirnlKT of charucf eristic and 
effective metIuHis for the purification of thorium from ai! other elements are known 

In working the uranium ores for radium by the prcK:eR.Hi*« of M. H, Curie, L. Halt* 
inger and C. Ulrich, etc., the ionium will be found with the rare earths. , The uaual 
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method of thorium from min<TaIfl is to add a thorium salt, except with 

minerals definitely thoriferous, and th»’n proceed to precipitate the thorium by the 
standard methods -e y with sodium thiobulphak*, ammonium carbonate, oxalic 
acid, or hydrofluoric acid The ionium follows the thorium. The radioactivity of 
thorium is much smallej than that of ionium. Cerium salts have been used in place 
of thorium, the ionium follow.s the i erium . and the cerium can be .sejiarated from the 
ionium by the standanl method.s for sepuratin;' cerium from thorium. B. Keetman 
used aluminium salts in phue of thorium .salt.**. C. A. von Welsbach removisl lead, 
etc,, by ud<lin^ sulphuric lu id to a nitric ai id soln. of j)itc}iblende ; he then pi^cipi- 
tated the fliioride.s, urnl fractionally preupitated the soln of the tlnorides in boilin^* 
sulphuric a< id by means of zinc hydroxide .slurry The first precipitate contained 
all the thorium and ionium. B Keetman said ; If not too ^^reat an (‘xeess of zinc 
hydroxide he emjiloved, the 1,1st traces of ionium ean be separated from the rare 
earths , hut a repetition of (he pr.» . .ss i.s msessirv or the prodm t will be contami- 
nated with some . ermm and didy mnim •'I’he .separation of zme is efTeeted by treat- 
lUi; the acid .soln with ummonia, or soda lye. or hvdrodnoric acid. B. Keetman also 
onnd that in the pre.semeof pho.sphorie arid, soln of th<! rare (‘arths are oiiautita- 
lyel) j)reeij)itHted as fliioride.s. lead and ejilemm llnorides are also preeijiitated, 
vvlide uranium, mm, ete , remain in soln lie recommended tin* follow in^Z process 
lor separating lornnm from uranium minerals • 


.Irvnml "MnlZ'ii,"' '""l. '‘"'l »'-ln .•v..,.nra„.,l to 

IB lllllllnl ll.ll, • ' T" """lIlBtOBlOBIllllImlos, U lllTI III., will! 

1b 1,1 .1^ .Z; Tl„- l.lirat,. 

solu fl ' * I >"■ \ ifiiu t iirlh-oMilatcs (o.‘ iritereil ufT, the 

iil iZ.i';,,,!',','', V" 

of Afncao {.)t<-l.h|e,i<le ‘ ‘honom o.xalule Ircni 2()(» iL'miB, 


...tl.**’ ..t i..nluiM from c ariiotit... K Homi 
. n nmn, „( ra.Imnt rfBul.iea I! li li,.|(„.oi,,l 

to ,1 a,!| I l.y ml.lint; i'arinin , lilon.i.i 

■t. In '! ',‘i' Z,""" ""I' III" liiiniim an, I 

iouiiiin Bnl'ri"'"li'' 1 " " •" """■■*'■ "I 'nii'-. li.m.'MT, racliiirii r.'-lnrriis in lli,. 

r .In ; T """".t '' •* ' “'‘-'I"" "V'T tim |,. r.nd 
01 UK usnreiiient ISKI davs I lie sImu ,rrnv»*l» f i « r • 

salts ohserv.wl I., I,’ < n ' f-'roNvtli of radium m soln. of uramnm 

F Soddvaiil 'r ti ''••‘•'^diieto (he.sinall ,|,ian(i(\ of lomuni imtiallv present ; 

in l'.l,, ■'■|•|'a^al,■,l, Inil ra.lmn, .li.l urtm- 

L l«’ ,''an'T '""""I ll. n.". I.H., (. Ilahn 

iiiimitn iiiiaiiliti 1"^' I''"'''*'""!' "'Z'"""' "’""‘"I "'ll yii.-rat,' ra.lium in 

r;t,:n rmlm^ " "■ ■ 

A s K. Hastlmt, 

ionium I r * \ "i* *^^**^*!^'** hmid examined the spectrum of thorium- 

Tt I ri nVr '"•■mita.n 1(1 „t a t|„. ,,,„.,.tral Imna 

Tin. rm I t ""V,‘ ''"“I'' 1“' "ttnimtvd tn inintim. 

nth C *■ ^ '''•>'■' •'"'I 'o-Mork.TB, H Kni tinan, and 

1 - 4 I' V li» "Z-'n •' ' Vi and of initial vi locilv 

‘ T'”-'' , * * 1 oltn.HHl ohacrvi-d a tran.sii.nt l 3 -tav aotivitv viliich 

dtiaM'd in . davs, inditat.|iij; jliat it «a.<i iirndin id In uranimn-.X uliivh had henn 
eeparatod with the louium. J. Chadwick and A. S. Uussell found that ionium 
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puritied from the radioaetive botlies which emit and y‘r|iys, emitted a nmall hut 
family deteetal)le amount of y- radiation. This» radiation is shown to he excited by 
the a-ravs, either in tli*‘ ionium it.M-lf or in tlir thorium with wliich it is mixed. It 
is a imxtun' of tlirtt* t\ prs of radiation dith*nng wnlely in penetratintr )>ower. The 
absorption coelT dnidod bv tlie ^^l of aliiimmum are resju'etively fUi, 8 4, and 
[1 15 cma.~*. hiStimate.s |ia\*‘ bt on mado of the life of ionium by F. Soddy, H. H. Bolt- 
woikI. and H tbuf^er and .1 M Nuttall ; the bl•'^t representative valut a an- 2\10® 
yrs. for tin* lialf-life period, and d 5 ■ In"’ \ r-^ for tin- averaue life period, .\ccordin({ 
to F.%)ddy : 

loiiiunt po>N< Swsrs till' j:ttai tnix anl <!;:<' «»\i'r iMiluniiiiii foi iium\ puipohi'N. m ilmt its 
radioactivity i'' i-oiihtaiit and docs not M nsil>l\ dis a\ li will no ilotilu lind hir)*e appliva* 
tiou wht'ix' a Ht«'Hd\ , powi rtnl souicc ol n lininOion is niimnd, as m oomponsation inolhodi 
of radioaitiNo in* asim m* m iui*i lot « ia\ •.lainluiilr more lu-ln*' Ilian llios*' uf niiuiium. 
rh<* jir**porl ion « liiinjiiii: mt** ia*linin, < \ < n in a til* tilin'. is ho .small llnil it iiui\ ill limKt 
('us**s 111' in*;:!' I'ti'il It Is onl\ l>\ o I'li*'*! i nmnaiion t* s(s that it can In* d*‘t*'»'t<'d, 

Tab!** V ^ivi's a suiiiiiiiir\ of th<‘ radma* ti\<‘ properf iff* of the iiramiini radium 
familv. A ih xn radioaitu** .siib^tam*'. iff'iunali'd fiitmium / until its parentage is 
(Idillltelv elu( id.ltml, .uid havill*! tin* eln uileal jifoport los of piotilet llllUIil. Was 
shovMi 1)\ <> Haliu to li*' pri’seiif in «*idiiiar\ uranuiiu salts. It omits radiations, 
and lias a half ii(o poiu‘d of r» 7 hrs- I’nd* r th*- prosonbeil eonditions the in* 
tensity of ladi.itinn of th*‘ ni*\\ .sub''taiK<‘ i'- oiilv about <i2.5 jar eent of that of 
uramuin-X, th.it is, a mixture of utamuin-Xj and *ibtainetl from the haiuo 

t]uantit\ of uramum Tlio par* nt Mib^taneo ran b*' *'nl\ uramuiu*X|. or a new 
isoto]»e of similar lifo p* nod 

'IaHM MMMMtV Ot Km'IoMTIM loNSMNTS oeTlli; fHASllM KaOIOM ShOKM. 
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§ 11. The Descendants of Uranium and Radium 

'The hahil ol .’tvi'tpt'ndin^ jmlk^im'nt until the coiu'hiaion haa boon fuliv toMied by varying 
the eireuinHlAncOB of (he experiment, and by repeatixl m'ouTate measurement, is n valuable 
habit to aequuv.* tl K. Fitzvjhi \i,i> 

It 18 n88umod that the element uranium, after a long .nerii'M of transformations, 
jm.Hses into a form of matter whieh ha.-^ no radiojietivity or a radioaetivtly too feeble 
to be deteeted by available methods. The sneeessive stage.8 are summarized in 
Table VI, where the At. wt., the nature of the radiations, and the halfdife period 
are indicated. The side branches involving iiranium-Y and radium-C 2 have bec*n 
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imitted. The radioactivity of agtMl uranium is then*fore a^omplcx quality i)ecauae 
of the presence of the decay prtxJucts. H. B. BoltwmMl has estimatt'd timt if the 
radioactivity of uranium us oxide be^ unity, the relative activities of the various 
products in the mineral uranimte an^ ; 

lo lU Nt R«J| Po or Ra^ Ao products 

0 34 0 46 0 02 0 r»4 0 04 Oi»l 0’40 0‘38 

St) that the total activity of the mineral is I 04 times that of the contained uranium ; 
and a,grairi of radium freed from all protlucta has the activity of ^rms. 

pf uranium T]i»* subject has also been studie<l bv H N Met’oy and W. II Boas. 
L. Meitner discussed the nieehamsm of tlu' radioactive ilisintc}»ralion of the elciiienta 
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niton ; and for rndmiU'K. jnihnnuw. Haduim cmanatiun is jtrcfcrrcil by idiyBicmts, 
chemists often use niton .M f' XcuburpT has <lis< iiSKcd tin* nomenclature of 
fadiochcinical transformations. There are fa<-ts whidi sujjport B B, Boltwood’s 
hypothesis ^ that radiiirn-G is lead The evidence that polonium jiasws sjxui- ♦ 
taneously into h-ad is at j>res<‘nt purely circumstantial., VV. 4 Gray report<>d that 
he found lead in sfime capillary tiil»es in wlm h a imnutAi (juantity of ra<lium eriiana* 
tion had b<*en sloreil for four years. There are three jiosaihle souro-s of the lead ; 
(o) the glass of the tul>es container! u m.'J eimt. of lead ; (b) tin* mercury used to 
seal the tuU-s contained a trace of ha^l ; (c) the dLsintegration of the (‘inaruition, 
d la the emanation hyjiothesis. The glass of the tube waa undoubtedly atUcked 
by the emanation os shown by the diwxtloration, although no tm-asurable amount 
of lead was obtained by digesting the jM)wih‘red gloss with water for WJine time. 
The alleged generation of h*a<l is thought U) be due to the confusing of isotopic 
radium-D with lead. 
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K. F&jann And H. Towata BUf{ge»ted that a radium-H w formed from radium-G by the 
emimion of fi-rayn, and tAat radium-H gives off a-rays producing an isotope of thallium. 
Thin would account for the prcwnce of thallium and bismuth in pitoliblcnde. The range 
of the a-particics was nf>out .1 crn«i., the iiaJf-hfo period is between 10* and 10* yra. 
L. Meitner, and () llonigschrnid have di,>»cuH»ed this subject. 

It has been argued that if the end-products of the radioactive transformations 
are stalile arnl non-volatile, these products inu.st be accumulating in the radio- 
active imiierals The amount of the end-product in the unaltered mineral would 
be expecti'd to depend on the amount of the parent element originally present, 
and on the age of the mineral B B lioltwood e.xamined a number of old unaltered 
minerals, jtnd was hsl to suggest that lead is the end-product of the uranmm-radiiim 
series, because the ratio Bb ; IJ i^ nearly constant for unaltered minerals from the 
same locality, and j»resnmablv the same geological age, but the ratio varic'S with 
minerals from different loi ahties For example, five uraninites from (ilastonbury 
(Conn) had a ratm noli ; live from yranchville had the ratio 0 Oo'J ; one from 
Texas, 0 170 ; tlmriamte from ( V\lon had a ratio 0 20 , a group of minerals from 
Norway had the latio 0 125, and another group, O 155 A. Holmes also extended 
the observations and found the ratio Oi be unaffected by the presence of thorium, 
showing that tins element is not genetically related with lead. The decay of uranium 
is attended by the expulsion of eight a-particles, i c. eight atoms of helium , it follows 
that the amount of the assumed lead at wt 2581.S, minus 8 a5 9'.>4 20G’.‘3 — 

formed p('r gram or uranium per \ear is 1 25 <; |0“ >0 Hence, assuming that 

the rate of proibiction of h ad has remained lonstant, the maximum age of a mineral 
will be Bb/l ifc5 • lo >‘^l',or .H ^ lo'*Bb/(J \ rs. A. Ilolnies gives the results iiidi- 
in Table Vi I The estimate representa maximum values btcausi' of the 
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possibility of some of th«' had ha\mg been deposited with the minerals lirst, and 
estimations lia.sed on the oi'cluded helium re[»resent minimum values because a 
part of the. gas must have e.seaped. 

Aci'ording to H llonigschmid, the at wt of uranium is not less than 258 08, 
and not greater than 258 18 If lead is forim'd b\ the loss of eight atoms of helium, 
at. wt. 5 1)‘M. the computed value for the at wt is 200 25 ; the at. wt. of ordinary 
lead is 207 *20 Similarly, if huid is formed from radium, at. wt 22t>. by the loss 
of five a-particles. the at wt should be *201 J 05 Lead ilerived from an analogoin. 

• series of radioactive transformations is computed by K. Fajans and F. Soddy to 
have an at. wt. 2(>8-4. Th* discrepanev attracted attention to the po.ssihility that 
lead from uranium eartlis may not have the same at. wt. as ordinary lead, F. Soddy 
and H. Hyman tried if the at wt. of lead extract'd from the mineral thorite and 
ordinary lead showed any difference Thev reported that the former gave the 
larger result, though no speeial pnvautiona were taken to eliminate silver The 
at. w't of thorite lead being 208 5 2tk8 r) ; .M. Curie similarly found that lead derived 
frtnn monazite had an at. wt 2o7 (>8; that from pitchblende. 200 5 ; that from 
galena, ‘207 tH. T. W. Richard.', and M. E. Ii«*mbert found lead derived from 
uraninite of Carolina had an at wt. 2t)6 lO ; that from pitchblende of Joaehiinsthai, 
2(.)0'37 ; that from carnotite of Colorado, 206 r)9 ; that from thorianit« of Ceylon, 
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206'82 ; that from pitchblende of Cornwall, ^*86 ; ami that from oommeroial 
lead, 207i5, T. W. Rioharthi and C. Wadsworth extended these observations to 
lead obtained from various radioactive minerals. Confirmatory oliservations were 
made by T. W. Richards and J. Saineshiina, T. W. Richards and W. 0. 8<diumb, 

0. Udnigsehmid and 8. Horovitz, A. L. Davis, M. Muguet, and K. Kajans, llemv, 
it has been inferred that “ there art* several varieties of lead of different at. wt, 
determined by the element from which they an* derived.” In general, lead derifed 
from radioactiTe mmerafr hu a diflennt atomio weight from ordinary galanio 

lead. *T. W. Richards added : 

• • 

Tho inference ut^emH to lx* that raclioacttve It^ad contains an admixture of some sub- 
stance different from onliiuiry and very difficult to si'parato from it by cliemicaJ means. , 
Thw substance cannot in' identititnl m the ultra-violet s]Mvtrutu of tho maferml, either 
because it has the same sjKH'iruiii as lea^l, or IxicauHO it lias no suec'tnim in tliat )>art of tbu 
Held, or because its s{>ectruiu is masked or abaorlK*d by that of lead. 

The spectra of the diiffereut specimens of leml have been t'xamined by 
T. W, Richards and co-workers, F Soddy and H. Hytnan. F. Hasc'hek, and 

0. Udnigsehmid and 8 Horovitz, from which it is concluded that the spectra of 
leatl derived from radium, and from fdutubum commune, both In the visible and 
ultra-violet regions, with A between and 1170, are identical. T. W. Ricliards 
and C. Wadsworth showed that plumbum commune, at. wt. 207'2, hatl a sp. gr. 

11 '.‘VJ? at lO Dl, whereas a .sample of Australian radioactive lead, at. wt. 20(i‘.'l, 
had a sp. gr. ir2H8. The two samples thus had virtually the samft at. vol. lH'27d 
and 18'277. • 

Th(‘ expulsion of an a-particle from an atom lowers the at. wt. of tho original 
atom by d'UUl, say 4, the at. wt. of helium. Thus, the at wt. of radium is 220, 
that of niton 221, and that of helium 4. It follows, therefore, that radium->mUni 
-fhelium, Tfie H,ssumption is employed in e.stimating the at. wt. of the other 
radioactive sub.stunccs. The emission of /S-rays, t.c, electrons, is sujiposed to 
produce no measurable change in the at w-t., while the emission of a-rays (chargi'd 
helium atoms) at each stage of the (liHint4*gration is sujiposed t/O rcdui'c the at. wt. 
by 4. F. 8o(ldy |toint<*(I out that the expulsion of an a-jiarticle by a radioaiitive 
eieweiit euu.‘«\s the residual product to shift ibi position two places iri tho periodic 
table in the direction of diminishing mass, so that the residual jiroduct is not in 
the next family, but in the next but one. This redui'e.s the valeney of the clement 
by 2. For example, sexivalent uranium lows an tt particle to form uranium X, 
isotopic with thorium, and then*for« quadrivalent; ijuadrivah-nt ionium losi's an 
a-partieie, forming bivalent radium ; and the latter loses un a-jiarticle to form 
nullvalent nitou, A tS. Hiiss!'!! '^ expressed the diiplA06lIl6llt rulff I whenever un 
a-particle i* expelled by a radwaetive element the group in the perudw table, to which 
the resultant product belonga, is either two units (jrexUer or two units less than that to 
which the parent belongs. Similarly, when an ^menl gives off a ^'particle with or 
without the. <uxom}Himment of y-rays, (he resultant product shifts its jtosition so that 
it is one unit grcAUer or one unit less than that to which the jstrenl belongs, llenw, 
two changes att<‘nded by the emission of /3-particles, and one by an a-[)article, 
could bring the product back to its original |K>sitiori in the jieriodic talile. • 
When a body like ra<iium-C expels Isith a- and j3-rays, the group to which the 
resultant product belongs may differ from that of the parent by 21,1—1 or .'J, 
These rules are illustrated by the arrang«*mcnt, Fig. 15, showing the position of the 
decay-pfo<lucte of the uranium-radium scries in the iieriwiic tabl(\ The subject 
of isotopism has also been discussed by K. Fajans, A. Flcclc, F. Paneth, G. von 
Heveay, F. Kirchhof, A. van den Bnx'k, 8. Meyer, D. Hahn and L. Meitner. 

1. W. I). Hackh, F. J. Corrigan, M. D. Neuburger, K. Hendric k, R. Brunetti, 
W. D. Harkina, etc. 

F. Soddy postulated that when any nuinlier of elements occupy one place in 
the periodic table, these elements cannot be separated from one another by any 
known chemical process. Thus, when mesotborium-1 gives ofi two jS-partioles and 

VOU IV. Mi 
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one a*particle to form thorium-X, it is claimed that the two substances cannot be 
separated from one another in spite of the difference in their at. w'ts. ; and they are 
probably spectroseopieally indistinguishable. F. Soddy called the non-separable 
elements iflotopic eliements, or isotopes- the same : a })lace— because 

they occupied the same place in the jKTiodic table. K. Fajans suggested the term 
pleiadic elnnenilH or plmultis aft<‘r the small group of stars in the constellation 
I’auruB- e.(j. ionium, thorium, and radio-thorium are isotopic ; and mesothoriura 
is isotopic with radium. F. W. Aston u.s«‘k inolxirs as a general name for atoms [laving 



Vdtencf/ g-roups 

Kio Ifj. .ArranK'eriu'nt of (ho I'mniuin ltioiiuiii l)oeu\ I'lodnrtH m the rorjoilii’ Table. 

the same nia.H.M but diflereni chemie.d [»ropertieH. K. S- kera lui.s discu.ssed the 
nomemilature of iMotopism .V mimbor of isoto|»es of non r.idioai live elements l^ive 
been detected l>y positive ru\ analysis (f/c). The pnneijtl.- of isoittpy is not m 
conformity with J, Dalton s dogma : 

Tho ultnnato purtioh's «»f all homo^enootis IxxlieH are perfeetlv alike in weii^'ht, etc. 

In other vvonh, ('very |mrtielo of water i.s like every other piirle le ot wa?ei\ ami every 
particle of hydrogen la like e\ery otlier particle of hydrogen. 

The alleged inseparaluhty of the isotopes may be iptestioneil as a rellei tion on the 
skill of HUccei-diiig ehemists. 11. S. 8helton maiiitams that if the atoms of an element 
be regarded as entities varying about a mean, so must also the properties nderred 
to the atom. In W. (Vookes postulated atoms of variable at. wt., hut also 

assumed a eoneuimtant variation of properties. 

The ddfi'rent forms of lead discovered by F. iSoddy eonneeteil with radio- 
activity arc also said to be isotopic, for tiny are saul to be inseparable, having the 
sanie at. vul. and the same ehemical and physieal properties , hut F A. Lindemann 
has shown that twt) elements of ditferent at wt must (Idler either m their chemical 
or physical ])roperti('S. The urguinent is based on tin' laws of thenno-dynumics, 
and wiUM e.xtended in eonjuiietion with F. W. Aston. Tlie subji'et was (ILseussed 
by K. Fajans and co-workers, U. A. Mulhken and W. 1). Harkins, etc. If the at. 
vols. are the saiin', the elastic constant, vap. press., etc., should differ, and it was 
predicted that the lead from thorite will probably have a m.p. l higher than 
ortlinary lead. K. Fajans eoneludes that at absolute zero the at. vols. of isotojica 
sliould be the same, and thev should differ progressively as the temp, rises ; at 
ordinary teiu]). with the lead KsoUipos, the difference should lx; leas than 0(X)01 
part. .1. iloly and J. 11. J. Poole attempted to separate lead isotopes by centri- 
fuging the molten metal, and obtained a negative rt'sidt. The .sp. hts. in the caae 
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of lead isotopi's should differ by about 0 76 per cent. 8. (lhapman, 0. Stern and 

M. Volmer, and E. Kohlweiler discussed fraotioual diffusion ; and R. S. Mullikeu 

and W, D. Harkins sliowed that isotopes should exhibit differences in their rates of 
diffusion throujih porous walls, and ui their rates of evaporation into a vacuum. 
J. N. Bn.)nsted and (1. von Hevesy failed to s«‘parate men'urv isotopc.s by fractional 
evaporation. T. W. Richards and N. F. Hall buind tlie /J-ray activity of diffcnuit 
fractions of isotopic lead were the same. A. Haas disiuissed the spectroscopy of 
isoto|)0|J ; W. D. Harkins and L. Aronberg .showed that then' must be spectral 
differences bet\vi;fn the spectra and between other j»n>peities of ist)tope8 ; M. 8ieg- 
bahn and bb'ii.stroin found the L- and M-.scries of X*ruv spectra of h‘ad i.sotopes 
art' the same ; J). and 1). ( ook.sey obs(*rved no difference in tin' high-fn'tjuenc.y 

spectra of lead Uot-opes. F. W . Ixuimis showed differeiu'e.s probably occur in the 
infra-red spectra of the isotope.s of chlorine; and T. R. Merton and H. Hartley 
suggested that by exjiosing clilorine to ligiit and then to h\drogen, the heavier 
isotope will n'act the fast-er. T. W . Rlcha^d^ and W. (’ Schumb bnind the refractive 
indice.s of the cristal.s of isotojiic lead nitrate were the same. T. \V. Richards and 

N. F. Hall bmnd the molar .'^olublhties of the ihotojies of lead to be virtually the 
.same because a thousand fractional crystallizations produced no separation. 
T. W. Richard.s and W (' Sdnimb found no dilb'rcncc in the molar solubilities of 
the nitrates of common it*ad and lead from urannim mineral.s If tin* molar solu- 
bilities are the .same, then, .since the mol wt.s are ilifferent. the solubilities in gram.s 
per litre, and the ,sp gr. of sat. soln ought to show' small differences :*and K. Fajaiis 
and co-workers found tin* sp. gr, of sat soln ha\e the same ratio t^i tlit* mean sp. gr. 
as the differenei' m tin* at. wt. to the nmaii at wt. H. Lachs and co-workers 
failed to Ki'parub* uramum-I and -II by fractional tliffusion. (1 voii Hevesv and 
F. i’aneth have established the ele( trochemical identitv, and Z. Klcnn'iisiewicz, 
the electrode pot<*ntuil identity of rsot-opic elements within tin* limits of their 
methods of measurement E. Schroding«‘r discussed the n'versibh* mixing of two 
gases of different mol wt , and chemiuillv inert to one another R. S. Mullikcn 
discus.swl the .Hepanitioii of isotopes by thermal an<l press, diffu.sion , T. Iiedale, 
the jjo.ssibility of isotopic elenmiits furni.sliing asMiiinctrie atoms in enaiit lonmrphie 
compounds The difference in the senes .spistra of isotopcjn was discusswl by 
1*. Ehrenfc.st, X Ibthr, and J W Nicholson 

r. i\ing/,etl ^ iii*uritain<‘<l timt is luiotlior ruuiiu f«ir aJlofrointiui, iitaJ tliiit 

ts()t«i|i(*s are '* atoniieally oi mole* ulail\ iiiodilie*! ioiiii of <*no and the same suhstanee, 
althoui.'h |i()ssihl\ |ios.s<‘Hsi*<l of <iislin<tive at immls cs or mol. wUi ” A Met k held that 
the two |)}i»'U<imfiiu ao* (juite distinct, that inotopism refers lo a diflerenee m the at. wts 
of mdividnal atoms, and that mtilti|>leH t)| ats)nis are not mvoivtsl. 
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§ 12. Actininffl and its Putative Parent 

In 189U, A. Debierne.i while' working up uranium re.sidiie.s for .M. S Curie in bc'r 
quest for tlu’ cau.Hc of the rudioiutivity of pitchhlende. found that the precipitate 
obtained l>y iiminoiua had a very marked radioactivity. He railed the element 
actimum, hut said it eould not Im' separated from thorium. Soon aft4Tward«, 
F. Giesel obtained a radioaetive suhstanee from pitc hblende ; it se parated along with 
the rare earths and wiw ultimately obtained admixed with lanthanum. He called 
» it e/Wmtum, and eoneluded it was not identical with Debierne's aetinium Is'cause* 
emanium \va.8 not 8c*paiat.^d with thorium. laiter, A. IX'hierne found that hi.H 
preparation emitted an emanation similar to that of F. Giesel’s preparation, and it 
was found that the oWrvation almut thorium was wrong. After some eontroversy, 
it was agreed that only one radioaetive sulwtanee was involved, and it was calM 
AOtinium* Ac. E. Rutherfonl and B. R, Boltwood showed that the original pre* 
parations also contained ionium. 0. Hahn and 0. Saekur established the identity 
of the emauations of actinium and emanium ; and W. Marckwald’s c laim that the 
two are not the same substance, but an* genetically related with one another, was 
shown by 0. Hahn to Is? due to the presence of another radioactive substance— 
radioactinium -in one of the preparations. 

Actinium is always found in uranium minerals, but not in tlie purely thorium 
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minerals- B. B. Boltwood found that the ratio IJ : Ac is fiiAy (Htnatanf . Atitinium 
is usually extracted from the n^aidues obtained in the treatment of uranium orea— 
pitchblende and carnotite. A. Debierne and M. S. Curie obtained the hydroxidoa 
of actinium with iron and the rare earths by working up the n^aidues from the 
piUhblende. The acid soln. was titrated with hvdrojren suljdiide to remove th« 
polonium and radiodead oxidized ; and then tri-ated with ammonia. The pitv- 
cipitate contains hydroxides of actinium mixed with thosi' of ii\>n and tlic rare 
earths* 

, The precipitation hv ammonia was found by M. L‘vin. 0. Hahn. B B. Boltwm>d, 
and (’. A. von Melsbaeij to he im'omplote in the pn'sence of ammonium salts, and 
thes4' ean be removed by (“vaporatinu the soln to drvneH.H. and beatinji the it'sidue 
with IkuHiij; nitric aci<l or aqua re^iia. The exees.s of aeid is removed by eva}tora- 
tion. H. M. Plum found it impohsiblc to wqiarate aii the aetinium from ratliferous 
and ax'tiniferous barium ehl(»ride in one precipitation even in the j)n‘S('nee of alumi* 
mum ehloride. It reijuired tImM* re-soliitions and prei ipitations t^i separate the 
radium and aetimnm. (', A. von \Nelsbucli not«*d that aetinium in readily wparati'd 
with man^anesi' when that element is preeipitaWd fnnn hitsie soln as mauffaniti*. 
Aetinium, unlike thorium and ionium, is not precipitated from its nitrate soln, by 
the addition of hydrogen peroxide. 

The hydroxides an' tivatcd with ild liwtrolluonr iM>id, part y.inHmiuin. tilaniuin. ete. 

- into soln., but most of the nulidtu't ivo eonstitueiil O'limins w itti the |pHo)td)|i' fluorides 

of ttioriuin, corniin, (lidyTiiiuiu. and lanthnnuiii The ihiondt's are then eonverUsI mlo 
sulphate's, then to ehlornlc.s, and ih«* soln. tre'aPsl with oxalie a^'id, or auutioniuin oxalaUs 
The' eone. of free* a^'ul m the* seihi feir the* etvaliit^' pre*eipitation shouhi he rodueeet to a 
minimum, since ae tinium oxalate-, like lanthanum oxalate', is elistinctly soluhh^ m mini'ral 
acids, 'i’lic pree-ipitated oxalate's an' the'u i^emte'd anel elissoKe'el m nitne acid Aetinium 
ean be eonc te)*soine'e>xt<*nt by fraetmnal <'r\ stalli/atmii eef the- eleuiblo salts with ma^tnesium 
nitrate or man^^ane>H(t nitrate Tli<' (U'tmium coIleM-ts with the* samarnim and ne'oelMutuin 
as m the pns-e'ss of K. l)e‘riuin,'ay ; aiul it ean also be- cone' to some* I'xteuit by takuiK 
nei^ant4^'e' eif the' fact that uhen tmrium is pnv'ipitiited as sulphate from a soln. ceiiitainiiiii; 
liarium ami ae’tiimim, the latteT is adsorbeMl hy the pn-eipitate 'I'his property was utilue'd 
in thei se-paratioii of ae'timum from pitchhleiule' anel the on' fnun Olarj' (South Australia). 

F, ^iie.Hcl separate el tin* rare earth jire‘i ipitat4* l)v the* |iota.NNium sulphate ami oxalate 
metluxl, ami found the radioactive? const if m'lit followe'd the' e eniim earths. Tlio 
nct'iiium wm re'taim*d ve-rv te-iiae'iously by the lanthanum, but it is ])ossib]e' t-o 
.se'parab' some lanthanum from actinium by the* iiiagm'sium nitrate proeess. 

B K(?etman found that in re'erystallizmg ceTUim eixalafe* from mtrie’ or hvdroclilorio 
acid, aetinium e olle'e ta in tlie- nm.Ht soluble* frae tiem. K. A. Hofmann and F. Zerban 
e*niployed a jiroee'.ss soim'what .‘<imilar tei that use-ei by A. De'bierm*. Thi'y state 
that actinium oxalate i.s seduble' in a warm .nedn. eif ammemmm oxalate, but unlike 
thorium oxalate, it eanmit be repreM ijutated by the* aeldition ed ammonia or ae'ids ; 
the' dried sulphate i.s only sjiaringly sejluble* wi ice-e'olel water ; tli(» ignite*d oxide 
dissolves readily in enm- Hulphunc acid ; ami it is pre*eipitaU'd by soelium thio- 
sulphate. C. A. von We'lhbach fouml that whereas the contained ionium fedlowed 
«U the reactions of thorium, m timuni stands lK*twe-en lanthanum and calcium, but 
it follows all the? reactions of the former. He separated impure' actinium from* the • 
hydroxide precipitate* by what he; ealle*d the oxalate merthod and also by the* sulphate 
method. 

In the sulphate method, the? moist hyelroxidew were tre^t^xl with sulphurie acid, and 
the soln. flitereei from the resieluai basic bismuth sulphate, and tin* leael and rare earth 
sulphates. The mother liquid was cone, to n'movo iron-alurn, ami tmateel with oxaiio 
acid. The radioactive; actinium in the ]ins'ipi(atc followevl the redactions of lanthanum. 

It separated out in several erases as a manKanat*' whe-n the; muthedr iujuor from the* oxalato 
precipitations was ke]»t, a reaction which proveil of ^redat se*rvice', for actinium is, in Uie 
proacnco of anunonium salts, not compleU'ly precipitat^el either by ammemia or ammoniutn 
oxalate. From the solo, of the first precipitate of rare earth oxalates, firmed fre>m heavy 
metala, hydroxidca wore fractiemally precipitated in prf%sene:!e of much ammonium nitrate 
by precipitating a portion with ammonia and stimng it mtu the main quantnty of the 
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mixturo of h V drux tfu- r.io.t Jianic part is iron, then come thorium uranium scandimn, 
the yttcrhiuin K'r''U|'. ‘he yttrium j;ronp, the cerium group, wluJst calcium and analogous 
flenicnU remain m noln Kiom tl.e rare cartl.s the greater part was removed inactive 
by nnsripitation of the «ul,.l.at* s xxith ammonium hiilphate, the radioactive matter keeping 
with the rare eartl.s m soln . ami with those the oxalates of which are soluble m ammonium 


oxalate (c.fif. thorium j. • . i • 

III the oxalati' m-thod tie fi>tln>xid. s uere dissolved in hydrochloric acid, the bismuth 
pns'ipitated as hanie ehloiide t>v atnmoma, and the tilt rate preci[)itatpd with oxalic acid 
ami then with ammonia, ho lonj; as the oxulntf preeipitate increased i he soln. of the rare 
earth oxalates, freed from heuxy metals, was prei ipituteil liy ammonia as just dqpcribed 
mo as to give the iron, thoimm, and uranium in one tnietion, which contained all the radio- 
tU'tivn matter. 77ie nfttiuniii mn hf ohf/nnul with the hinfhanum ana the ionium W'itn 
the thonufit hy va;iou/i m, thods 


T/icn; are two de.si endants of ai finiiitn, n-i/iielv. radjoachiiiiitii and aotiniuni-X, 
wliii fi, uceording to f) Halm and .M Roteiihacli, can he si'pariits'd by the following 
jirocctw. A trace of piirdied thoriuiii •nitrate atid a little zircoiiiiiin nitrate are 
added, and the radioai timiiiii is .separated liv treutinent with .sodiimi thiosulphate 
since aetmiimi is not prei ipitateil from a boiling soln. in the presenei* of that salt ; 
while railioaetinium i.s precipitated by atimiotiia A little harmiii nitrate is added 
to the soln to retain tlie aetmiiim-\, and the a<tmmm is then precipitated with 
ainrnonia, The precipitate is dis.solved in dil liMlroehlorie aeul, nii.ved with 
hariiirn ehloride and .sodium acetate, and treated with |>otassiuni dichroniate, 
aetimuin X separates with the hanurii < hroiiiate .Vninionia pncijiitates actinium 
from the filtrare ; thi.s is rcdis.solveil and reprenpitated a niiiiilicr of times The 
o[)erations li<Ye mdieatcd should In* (ondiicted without delay in order to avoid the 
redormation of ladioactminm 

Aecording to K Rutherfonl, “less is known about .nfimimi as a radioactive 
element than of anv other, for it has been found mipoHSil)le to j.^oliWe it from the 
rare curl lis w it h whieli it is mixed, and to Ionite its posit ion m t he si heme of trans- 
format ions ” It has not hern obtained of a sullieu nt degree of purilv to furnish 
a ehurai feristie speetriim Tie* ahseiue of anv new bins in flie spectrum led 
E Rutherford to sav that it apjiears prohalile that aitmiuiii, if it i oiild he obtained 
in (he pure state, would show an ai tiv itv as emit if not greater tli.iii that of radium. 
The preparations of actinium are usiiallv mixtures of lotupnimds of the rare eartli 
t'lemeiits with verv minute proportions of aitinmm lompoumls A Dehierne 
noted the resciuhlani'e which aetinmm hears to (he lare earth elements, and. as 
K. Giesel.and I). St n'miliolm and T Svedlx^rg showed, aetiniuiii most reseinhles the 
lerviilent elenienls of the eeriuiu group, and more p.irta iilarlv lanthamim, with 
which it forms isoniorpliotis .salts 

Kor its at wt , ea/e m/Vo, K A Hofmann and K Zerlian estiinatiui the n|iiiva- 
leiit to he ('(.‘{.’IL’. hut this number is proliahly too small G von Hevesv's ditTusion 
exjienments make aetmmiu a tervalmt element , and it is isotopii with nieso- 
tliorium-II He also found that tlie presence of ivfimnm in uranium lan he 
(ihovvn direetlv )»v the mnisMon of its short-lived emanation, wlien a rajurl current 
of air is aspirated through a soln of the mineral into an eleetrosi ope I). Stromludm 
and T. Svedherg fouml that aetinmm is not volatile at a red heat umler ordinary 
• ronAitions Aelm'um is an unstable element, for, Iiki' radium, thorium and 
uranium, it is contmuouslw breaking ilowii at a slow and delimte rate to furnish 
a eouseeiitive series of disintegration products Aetinmm is m a state of eijuilihrmm 
with the.se prodiU'tvS in about three months afti r the preparation has lieeii made, 
lu that state, a-, ,3-, and y-rays are emitti'd hy aetimum }'re]>arations ; hut when 
fn'ed from these products, aetinium is either rayless or emits radiations of very 
feeble intensity. K Giesel olwived that aged ]*reparations of aetinmm emit an 
emanation or a gas whose radioactivity decreases to its half-period value m a few 
seconds. E. Rutherford illustrates the emanating ]»roperty of aged aetmium by 
the following ex]ierimoiit : 

A highly active preparation of actinium enclosetl in thin tissue |>a|s'r is placed on a 
Bcnson of pno«phoreaoent xino sulphide, in a dark riHuii a briliiaiit phosphonseonce, marked 



RADIUM AND R^iDIOACTIVlTY 


135 


by chamot«nstic scintillations, extends for some distance froi^ tlie active preparation. 
On directing a slight currt'ni of air across the ncrei'n, the phosphonwonce is diNplace<l in 
the direction of the air current, and bocomoa much feebler. A large part of the phosphor- 
escence observed initially was duo to the actinium emanation which iliffusi'd through thin 
paper over the surface of the Hoiven. When the air curn^nt cease's. th«* emanation which 
IS constantly suppht'd by the at'tiniuin, rapidly diffusi's ovtT the sens'ii and lights it uji again 
brightly. 

Tlie jS-rays emitted by actinium in equilibrium with ita decay pnHhictia an* 
of lovj penetrative power ; while the y-rays are feeble both in intensity and 
in penetrating ])ower. M. S. Curie e.stimated the average-life period of artimum 
to be aliout 3<)* years ; the e«tunati' was based on the 111 per cent, decn'ase 
in the /3-ray aetivity which occurs in ohl aclimum jircparation in thn'c years 
This estimate was conlirmed for an aetinium pn'paration studied for seven years 
bv 0. Hahn and L. Meitner, a.s well as for some recently prepared .specimens. 
From tlie increase m thea-raduition of the p^ireiit of a< tinium,namelv. j)roloactinnim, 
thev estimate a half-life period of 2(>years ( 1 lo per rent ), and an average-life ]>eriod 
of '2^ iS years. Aged aetiimim preparations give olT a ravs which merge into lieliiiiii, 
and, as A. l)ebn“rne lias sliown, they slowly deeoiiijtosi' aq soln with the evolution 
of h\drogen and o.wgi'n S. Mever e.stlmate*! the half-life period of a' tiniuni to be 
lb.") \ears, and the transfuriuation ratio of ai'tiiiiniu and radium in the uranium 
family to he 1 ; ini- K Hutlierfonl gave 8 !»2 , (i Kirseh. 1'2 ; U'l 8 ; and O Hahn 
and L. Mi'itncr. d : H7. 

H H Holt wood - ."liowed that in aged uranium minerals the ralk) of tin' propor- 
tion of uranium and actinium is ajiprc.ximately lonstant This oi^scrvalmn was 
( onlirnieil by S Me\erandV F. Hes.s. ainl H N M< ( ov ami i-o-workers This fact 
IS taken to indicate tiiat ai.timum is derued from uranium Since tJie a ray iietivily 
of aetinium i.'^ very small in eoinparmon with that of thv nraimim railmm series of 
piodiieUs, in the .Name mineral. F Hiitherford siiggcNi.-d that .somi* memlirr of the 
.M rie*^ disintegrate, s ('oncurrently in two wa\s, and each of the jiroducts eontiniies 
di.sint<’grating .\s a rr.sult. tlu*re are t.wo of <leeay prodm ts. one fnrmsliing 

the attimiim and the other the radium sern-.s There has therefore been some 
.‘^jieeulatum as to the prt'Cise point at which this hram hing m l urs. It was argued hy 
F, Kodily. from tie* displacement rule vuh supra that since ae.tinmm is a mcmlx'r 
of the third group of the periodic table, it.s jiareiit mu.'*t l»e!ong to tin* liftli group and 
be a homoiogm* of tanlalnm if it is formed bv an a rav change ; ami if forimsl hy a 
ray change, its parent will be a memtier of the se« oml groiijt isotopic witli radium. 
Kaiiinm is the oidv memlsT of the uranium .si-nes m the .sei'omi group. F Soddy 
sliowed it to be very unlikely that radium js the parent. No mtimum was found 
in a preparation containing 1.‘12 mgrms of idcim-ntal radium In years old. The 
negative result corresponded witli a jieriod of at least ITi - ID® vears. whereas the 
period IS shown to be about ‘Jn years. Tiie alternative assumption is lliat aetinium 
is derived from an element in tlie fifth group by an a-rav change ; and since lirevium 
i.s short-lived and gives no a-ra\.s, it follows that an unknown mot^op** must exist 
in the nrauium s«*nes O Hahn ami L Meitner suggest that the sen<‘s may branch 
,at uranium-Xi, /3-ravs expelled from each so as furmsh two isotojiic products. 
Uranium- Y givt's a ^ radiation, and therefor<i its unknown jtroduet must ociiipy ^ 
the place of )‘katantainm in the penoilic table, and be isotopic with iiramiim-Xf^ 
or brevinrn. If uranium- Y undergoes an a-ray chaV''*T th‘‘ product must, be, 
actinium or an isotop**, and it should Ix' jiresi'nt in uranium minerals This was 
established by F. tSoddy and J. A. (’raiiston They found umicrtain indir-ations of 
aetinium in b)ur-year'old preparations of uranyl nitrato, hut im reasi-d amounts 
in preparations eight years old. 

0. Hahn and L Meitner separab'd the putative parent of aetinium. whi« h they 
called protoactiniam, from till* siliceous residues remaining after the prolonged 
and repeated treatnu-nt of pitchblende with nitric aci<l m as t^i remove radium and 
other radioactive constituents A little tantalum salt was addeil. and it was found 
that the ri'actions so closely followed those of tantalum that the two elerpents were 
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uaooiiitfd together at the end of the operations as inseparable companions. The 
process employe<i for the separation of the tantalum and hence also of the proto- 
aotininm, was as follows : 

A little tantalum oxido was added, and the maUTial extracted with hydrofluoric and 
sulphuric acirlH, The addition of a few rniltii'rarnM of thonurn and lead nitrates at this 
stage sftrvcH to ki'^^p traces of ionium, uraniuiii-X, and radiodead in the insoluble form. 
The flitrate was evafsirati d to dryness, so as to leave the tantalum and protoactinium 
in an insoluble form, from which impurities, such as iron, zirconia, and the like, may 
hi'i removed by Ixjiling with n<pia rej(ia. So far, all attempts to separate protoa(?tiniura 
from tantalum have faiUyf. By various elalHirations of this method, /he whole of th# 
protoaetiniiim from pitchblende contaiiiing a knoum amount of uranium was carefully 
Neparnte<i, and its a ar tivity inrasurod. 


The preparation of protoaetiniiini furnished an a-radiution w'hich increased with 
lapse of time. It was assumed and proved that the a-rays of low' range initially 
produced were derived from prot^mctinnim, while the a-ravs of longer range were 
due to the grow th of actinium and its decay products. The range of the a-rays of 
protoactiniuin in air at and TW) mm, was .’1514 ems. Actinium does not follow 
H. Geiger anil .f. M. Nuttalls ndation so elowdy us other radioactive series, and 
there is a considerahle diflerence iti the constants according as actinium-X or radio* 
artiniurn is taken for the eom|»anson- the former furnishes 17fK) years and the 
latter 2tK),0fK) years in the period of average life of protoactiniuin. The at. wt. 
and spectrum have not been determined, hut all the evidence show's that proto- 
actinium is the I'katuntalum of the periodic table or an isotope of that element. If 
the life jieriod of protoactiniuin is Tirif) years, for (*arh gram of radium in uranium 
minerals there should he fio ingrms of protoactiniuin ; and if the life period is ]8(),(X)() 
years. 9 mgrms. 

The putative parent of protoactiniuin is uranium- Y. As previoilsly indicatod, 
it is not clear if uranium-^ is derived from uramum-I or iirunium-II — if the former, 
the at. wt. <.f jirobuictinium will be and of actinium ; while if uranium-Y 
IS derived from uranium-H, as K. Fajans bdicvcs is more probably the case, thu 
at. wt. of protoaetiiiium will be 2.K), and that of aetmium 229. According to these? 
hypotheses, the uranium si'ries furnishes ; 




' lo ^ lU -> lUKm -» 
Pa -> .'\c -> 


A. Piccard suggested that actinium is po.ssiblv derived from a third i.sotope of 
uranium of at. wt 2d9, which does not belong to the uranium family at all, but is 
a distinct primary radio-element, like uranium or thorium. He suggestod the name 
QctinO'Uratiiti Actu, for this hypothetical element. He supported this view by 
osauming that (). Honigsehmid’s value 2391fl for the at. wt. of uranium indicates 
that the assumed uranium is really a mixture of 92 per cent, of an i.sotope of at. wt. 238 
which belongs to the radium senes, and 8 |mt cent of one with an at wt. 24U which 
would make the at. wt. of iirotoactinium 230, and that of artiniurn 232. H. Geiger 
and J. M. Nuttall s iiurves also show that the three .scries are not supeqiosed, hut 
^ furiysh parallel Hues indicating that ea<’h of the three is an independent primary 
series. The constants arc the same for each aeries, hut different for diffenuit series. 
F, Soddy objects that the ratio of actinium to radium in uranium minerals is nearly 
oonsUnt, and this would ineaii the accepting of the unliktly chance that actino- 
uranium has the same peruKl as uranium- 1. Thew' pssibilitios can be settled when 
the at. wt. of actinium or protoactiniuin has lieen determined. A. Piccard’s hypo- 
tht'sis is supported by K. Q. Adams. K. Marsden and A. B. Wood's diffusion 
exiH^riinents showetl that the at. wt. of actinium emanation is 232 ; this would 
make the at. wt. of actinium its«»lf 240- rather gn'ater than uranium— on the 
assumption that 8 units an* to be added for the a-particles of radioactinium and 
actinium-X. A. Siuekal discussi'd the atomic structure of the parents of radio- 
actinium. 
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In his invnst-igation on tho relation bt'tween the aetinkim and uranium aeries, 
0. Hahn * encountered a new radioac tive suh^itance which is separated 'with proto* 
actinium, and the two radioacrtive suhsUnces an' isotopic. The i(toto{H> of proto- 
actinium was provisionally called tmniom-Z, U,. It has a half-life jH^riod of 67 hn, 
and gives off coinjdex a-rays which are half absorbed by layers of aluminium (VOH 
to 01 2 min. thick. Only small proj»ortions an* pn'si'iit. and the intensity of ita 
radiations is alxmt 0 25 p(*r cent, of that of Ux» fhat is, U* { r^t. Assuming that 
uran^ura-Z is not derived fnmi uranimn-X, whereby lH)th pass into uranium-Il 
by the loss of jS-rays, it is suggested that then* is possibly a new uraniumdll serif* 
'analogous with*the uranium-1 »'ries, just de.scribed. The hy|M>thctical uranium-IIl 
is said to be analogous with uranium-1, and to have an at. mass of 240 ; and it 
furnishes uranium-Zj and uranium- Z^ analogous with iiranium-Xj and uraniuni'Xj 
respectively : R considered to Ik* imjirobable that 

uranium-I represents the motln*r substaitce of uraiuum-Z. and that the latter is 
derived from the former by the loss uf a particle of mass 3. M. (’. Neuburger suggests 
the alternative schemes : 

but jiri'fers the latter. The subject has also Is'cn discuww'd by A. Smckal, and’ 
0. Hahn; the latter said that the suggestion of M. (’. Neuburger is impnibablo 
and lack.s experimental foundation * 


UKKKKK’crKS. 

' A. Debiomo, Comjit. Umd.. 129 m, IMIM); 130, m, lltoU; 131. .33.% IIKH) ; 186. 446, 
U7I, imt; 138. 411, 1904; 139. 14. r>38, 1904; 189 1904; 141. .383, llKl.'); Ann, Ckm. 

PhyA., (9). 2. 97, 428, 1914 ; J‘hyK. Zn‘(., 5 7.32, 11814 ; 7. 14, 11810 ; Jif*h4rchs «ur U* jAinoni'nfi 
dt rruiionctinU, Pann, 1914; K. Denmi^fty, ('tnnf/ Jittul., 130. 1019, 1910; K. Ou«r|, lirr,, 
33. 100% 2.')7U, 1180: 34 3770, M8II ; 35.' 3i8iH. I!8>2 ; 38. 342. 11813; 37. 1090, 3W13, 1904; 
37. 318)3, 1904; 38 77% 118I.'-, ; 40 3011. Il8i7 ; (• Htilm and O. Saekur, i%. 88. 1943, 118)5; 
W. Marokwald. th., 38. 2204, 11815; 0 Halm. i/».. 39. H8>% 11810; rhl MnQ., (0). 12. 244. H8>« ; 
(Oi, 13. 10% 118)7 ; .M. I>*vin, th . (0). 12, 177, l‘8M) ; Znl., 8. 129. I18i7 ; B. B. HolUood, 
Anvr. Journ. (4), 25 292. 1181H; Pr<K- Iloy .SW , 85. A. 77, Hill , .M. Uon*nlMirli, V(d>er 

dtf drri hinghhignt Zfrfailjtpnxluitr in ilrr Al'tintunirnh*. B<‘rlin, 1912 ; O. Hahn and M. Rolen* 
bach, Phyx. Zetl., 14. 4l0, 1913; O Hahn and H .Mnlner, i%. 19. 208, HUH; 80. 127. 1019 ; 
K Riithcrfiird, JinflnMicttvf Suh/*UinffA and thrir Hnduiitntts, (anibrnlgc, .520, 1913; A'HiMrf, 
75. 270, 118)0; 76. I‘20, 118)7: B. B. Boltwood, th , 75. .54. 118)0; Amn. Jonrtt. Srimcf, (4), 
25. 30.5, 1188) ; Phyn Znl., 7 91.5, H8K) ; .M. S. ('urn*. RichrchfJi i>ur U» MiAnUinrrjt ra/iuinfiivr», 
Pans. 118)3: Trntie dt. rtuitoachnU, Pan#, 2. 417, 1910; K. A. Hofmann and K. Zerban, Hn., 
86. 3093, 1181.3 ; K. .A Hofmann, Ihf rmluKjklmn Sfoffi, I>cip7iK. 32, 1904 ; A. von VVeUbaeh, 
SUzbrr. Ahid. H'len. 119. I, 1910; MontiUh , 81. 11.59, 1910; Znt.nnorg. f'fifm.,99. 3.53, lOII ; 

D. Stromholm and T. Sve<lberg. th., 61. 33H, HKHl ; 68. 197, H8M); B. Keetmann. Ppfnr dfV. 
Auffindung dfjt Jomum^, rinrr nftitn nidimiditvrt Krde in IJrannzrn, JkTlin, HKll); H. M. Hum, 
Jonrn. Awr, Vtum. Sir., 37. 1797, 1915; (J. vun Heviwy, Phy/t, Zetl., 12. 1213, HU I ; 14. 1202, 
1913; 8, Meyer, Ah:. Ahid. Hio», 133, 1920; <«. Kirnch, Mtit. iriMt. diwl. Fornch., 127, 1020; 
S. Meyer, th., 130, 1920; O Hahn and L. Meitner, Zci/. Phystk,%. 202, 1922. 

* S. Meyer and V. F. Heaa, A'lliftpr. Alcad. B'teii, 128. 909, 1019 ; B. B. BoUwcskI, Awer. Jowm, 
Sctfnrr, (4), 22. .537. 1900; (4), 25. 200. HKlH; Phyn. Her.. (I), 22. 320, HK16; H. N. MoOoy, 
Pktl. Mag., (4), 11. 177, 1900; H. N. McCoy and W. H. Roaa, Journ. Arner. ('hfm. Whc., IHh 
1698, 1907; & Ruthorfonl, Ha<{u»fUtv TratmJonwUumt, Ismdon, 177. 1906; Kadioaettvt 
SubMancet and their HaduUtons, f'ambridge, 5)12, 1913 ; F. ScKlSy, PhU. Mag., (6), 18. 739, 1900 ; 
(6), 27. 21% 1914; ( hem. Sfu-e, 107. 97, 1913; ./ahri). Had. KUMron., 10. 188, 101.3; JVtflwr. 
91. 634, 1914 ; J. W. Nicholwin, th., 87. 51% 1911 ; F. ISo<idy and J. A. (Vanaton, Proc. Hay. 
Hoc., 94. A. 384, 1918 ; K. Fajana, Bcr.,46. 422. 1913 ; U Haebum, 10. 61, 171, 1913 ; 0. GOhring, 
PhyH. Zeit., 16. W2. 1914; (i. von Hcveay, .ft., 12. 1213. 1911 ; 14. 1202, 1913; A. Hmskal, 
A., 28. 48, 1021 ; 0. Hahn and L. MciUior, ift , 14. 752, 191.3 ; 15. 236, 1014; 19. 208, 1918; 
80. 520, 1910 ; Her., 62. B, 1812, 1919 ; U. N. Antonoff, Phi. Mag., (6). 82. 419, 1011 ; (6), 16. 
1053, 1913 ; A. Fleck, ih., (6). 25. 710, 1913 ; E Mawlen and A. B. AAVkI, th., (6), 86. 948, 1913 ; 

E. Q. Adama, Journ. Amtr. CKem. Soc., 42- 2205, 10*^1; A. lAocanl, ArrA. Science* Oeuhve, (4), 
44. 161. 1917 ; K. Fajana, Phye. Zeit., 14. 0.51, 1913 ; U Hadtum, 10. 171, 1913 ; H. liichanlKm, 
PhiL Mag., (6), 27. 252, 1914 ; H. Geiger and J. M. NuMaU, Pktl. Mag., (6), 21 613, 1911 ; (6), 
28. 439, 1912. 



138 


INORGANIC AND TITEORETICAL CHEMISTRY 



y 

< 

y 

Ctm. j 


fa At 


! 

' ! 

' 

7 


i 

k 

Logarithm of mn^e 


• 0. H*hn, Btr. 54. llifl, 1921 j SaturmM., 9 . 230. 1291 ; L Meitner, ib., 9 . 423, 1921 • 
It a Neabufger, %b., 9 . 235. 1921; ZtU. phyt Chem., 99 . 168, 321, 1921; Zeit. anorg. Chem!, 
»0O. ISO, 1921 ; [Ja* ProhUm dn Aclmiuins, Stuttgart, 1921 ; A. Smekal, Phy 9 . ZtU., 

2m. 48, 1821. * 

1 13. Tbo Decft^ Products of Actmimn 

While Btudyitifi: tiie radioactivity of a preparation of actinium freed from acti- 
nio/n-X, 0. Hahn ^ found that the activity increa.s<*d to a maximum much more 
hIowIv than would he cj^pected if actinium were transformed din^ctly into actiniflm-X. 
He «how>‘d that not actinium hut another jnodui t, which hft called radio«^ 
•otiniam, HaAc, is the direct parent of actinium-X ; and that the first product of 
the decay of actinium is prohahly radioactinium. This product concentrates 
in the. first fractions when a soln. of an actinium salt is fractionally precipitated 
with ammonia; and hy succe.H.Mivi* precipitations it is possible to obtain radio- 
actinium ‘hlrno.st free from actinium and actinium-X, 
Kadioa<>tinium is also precipitated with sulphur 
wlnm a .soln is boded with an excess of sodium 
thiosulphate' The sulphur is exjielled from the 
precipitab* bv heat. F. Giesel, M. Is'vin, and 
A. Fleek obtained it by adding a little thorium 
salt to an acid .soln of a jireparation of actinium, 
and boilin;t with an exi-ess of sodium thiosulphate; 
the precipitated basic thorium thiosulphate carries 
down some radioactiniurn 0 Hahn and M. Koton- 
bach u.sed a zirconium salt m jila.-e of the thorium 
Fro. in- M. (Je.Ver aid j M , <'f actinium The latter is 

NuilnirH relaiioM Is^twcm <>'‘l»*'’^d4*d on charcoal when the sAln is shaken 
the lUngeof (h,w,.rays .uel tl>*'rewith H N. McCoy and K 1) Leman ore- 

tJ.e J enodof I raasformHtion par.'d radioactimum. by addme a trai'c of a thorium 

I,, 1 ■! • ‘‘ttd prei loitatine the latter 

■' 

eianiHiMentw. rmliull linnul!? uoh radioactinmm mto iwo 

a tmlf.hf,, period of 13 hr, ■ hut (! I , H \ and rudioac t uuiin.dl ^^HU 

and they l>eliovc<| that th»' nl|rtr»'d nuU i *. ' l i *^'V ‘ hypol hcKm 



7>'>t niM'nrmMv volul,!,. at a r-,i b at umbr „r,lu,«r^ ,.,n.ri 

»!.. J il N .Mail t V'"'"'" ^ ^ ''"‘'>'1 In- il (biRar 

!nd . ’i ^ H‘''^‘^.»ndKPaneth, I2cms toir.<)cm.s in air at KC 

»na I urmal ,,r.-a, t„ Ranarai. tl.a ranRo ,.f tl... a-|,arti, l,.a m a.r ,s .lip rll „ 

of thor-rayaia 25 and l. lil on.-t „f aluntinit.in, Tl... product of th ZaTof 
radtoact.mutu t. aetmtum-X, The rale of formation of tadioaetin.un, from actinium 

1) a7.x" / ' R«Vc-l , whereA. (t.iKn.; whe" 

■p’ ID HaAt 1 tH). The rate of decay of radioactimum is shown 

V T>\ to H. X -McCov and 

K D. fa'man, the lialf-Iifc period of radioaelinium i.« IS 88 dav» or 1 1 xlO’ wc, • 
a Hahn gave 19-5 d^a or 4-2f.XlOt aeea. Them b . duKre,«»,cy betweerthe 
life [H-riod caleulat«l by If, Geiger and J, M. .Vutfall’a equation. This ia taken 
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to indicJite that radioactiniuni is not homogA‘neoiis, and, bv analogy with thorium^ 
it is possible that a moso-product is pnwnt. The average-life period is 2 1 8 dayt 
to 27’24 days. The radioaetive constant A 4 *.V) \ Hr • jmts. or A 4iU .X It)"^ sees, 
or U*()35t) day. 



Alsnit the siiino time, F. (Jiuscl,*-’ and T (lodlewsky s('para(4'd a ]irodurt, enlled 
actiniuin*X« AeX. from actinium prcparatioiw bv the preeijulation of the actinium 
with ammonia, the actiniuin X nmiains m soln. It was at lirst regarded as the 
decay })roduct of actinium, and hv analogy witli the radioactinium substance first 
derived from uranium, it was called actinium-X Actinium X is derived from 
l>reparations of actinium winch ha\c stood many months in a closed vessel so that 
It isUHMjUilibrium w'ithitsdeiayproduct> F (iicsel.S Me\crandK von Schwcidler, 
and 0, Hahn otiiaineil it by recoil from radioactinium on a n»>gativeh’ cliarged plaU*. 
T. (lodlewskv obtained it l»y jtrci ipitating nitinium and radioactinium from a 
preparation of actinium by ammonia, the actinium X remains in the liltrat'i' To 
ensure the eflicaey of the process, O. Hahn and M KotAUib.ich allowt'il the lil1rab‘ 
t<* stand two hours on a w,it< r-buth, acidilieil t he wdn . and re-prei ipitated by adding 
a little ferric salt and then ammonia A Dcbierne found that when barium is 
prei ipitatcd as sul|diate m a soln containing aitimum, a radioactive substance is 
( o prc( ipitated w Inch deea \ sw it h time 'fins isiiow thought to have beeimctmium-X. 
11, \ Met 'oy and K I). Leman recommended adding a little barium salt to the 
lilt rat<\ and removing the a( tmium-X from the soln by eo preei|utation with 
barium "iilpliate ; or eLe e\a)>orating the filtrat4* to dryness, and heating the residue 
til 4’Xpel the other deeav products, sme»* aitiimim-X is not, volatih' at a red heat. 
H N' MeCov and E. I) Leman also scparat4*d m tinium-X by inlduig a little thorium 
salt to the .soil! , and precijutating the thorium with hy»lrog<*M ]teroxide Tho 
pre< ipitation was repeat4-d a number of I lines. a< timum X and thonum-X remain 
in the soln. If an ammoniacal soln. of an aitmium preparuiion is ideetrolyml, 
aetmium-X. ac tiniuni-A. and actinium-H are d4-posit4‘il on tin* cathode, 

Aetimum-X behaves like radium in many reactions, and I) Str<imholm and 
T. iSvedluTg emjihasizcd tin* analogn*s between a< tminm-X and thonnm-X. They 
are mdistinguishabh* as rcganls cln*ninal projn‘rti4*.s, and probaldi both belong to 
the group of alkaline eaiths. H. von Hev4*sy‘s «litTusion t'Xjierimeritsshow actiniuni-X 
to be bivalent, Actimuni-X mtrat4‘ cr\ st4illiz4‘H isomorpliously with barium nitrab*. 
It is not volatile at a red In-at Its parent is radioa< tiniuin and its decay pfoduefc 
is actinium emanation Tin* rato of formation of aclaninm-X from radioac tinium 
ia shown in Fig. 17, calculat<*d from 


Acj ■ 


A, A, 


A 2 -Aj 


*.-) 


whore tho conatanta are Aj -D'O.T'HJ day and Aj 0U.V.t7 day, ami at I ti, IlaAc 
-*100, and AcX -0, The rat« of deeay of aetinium-X i« shown in Fig, 18, 
caicniatod from 
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A,— Ai 




A,r) 


Ac, 
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At the tim«^ t —21*44 days, the nuinbcT of atonw of actiniiun-X present is a maximunL 
H. Geiger and J, M. Nuttall found that the a-rays emitted by a<(tiriium-X have a 
fange 4*40 at 15 ' and mrn. prens,, and the initial velocity computed by E. Kuther* 
fora is I flSxJU® cins, per sec, ; 8. Meyer, V. F. Hess and F. Paneth observed the 
range 4*26 cms. and initial velocity li)3xl0®cm«. at 15'’, For the half-life jMjriod, 
S. Meyer and von 8< hweidler obtained 11 8 days ; 0. Hahn and M. Itotenbaoh, 
11*6 days; and H. N. McCoy and E. 1). Iceman, 11*2 days; the average-life 
IMriml is 16*45 157 davs; and the decomposition constant A -7*04xl0~^ secs, or 
0*0517 day. ' ^ 

F, Giesel 3 diwiovered in 11M)2 that actinium preparations gave off an emanation 
which was also studied by A. Debierne Ar tinium emanation, AcErn, is an inert 
gas whirdi changes very ra[)idly - eidc supra, the proportions of actinium. On 
aeex)unt of its short life, the gas has not iK-en isolati'd in a pure stati'. It can be 
removed from actinium soln. by tlu* paijMttge of a rapid stream of air or other gas ; 
it is also readily evolved from most solid jirepnrations of actinium-- particularly 
aotiniuin-lanthunum oxide, hyilroxide, oxalate, mtrat<‘, manganit^*, fluorosilicate, 
sulphate, etc. Uuising the temp alsri favours the evolution of the gas. H. Hersch- 
nnkel has made observations on this subject, 

F. Giesel showed that actinium emanation behaves like a gas. It excites tho 
phosphorescmice of barium cyanoplatmate and zinc sulphide. .\. Debierne measured 
the half-life period of decay of nctiiiium emanation and found it to Is) 8*9 seca. ; and 
2‘ 0.*»Sackur obtained a similar result, and showed that the periods from 

F. Giesel H enninati<<n, and Debierne’s actinium were identical. The actinium 
emanation has virtually disappeared in one minute'. S Kinoshita, and P. B. Perkins 
found the half-life period to b<* 8*92 sees., and M. 8. Le,Hlie, 8*91. This gives for the 
average-life period, 5'55 s<ms. ; and for the radioactive constant,!) 18f^‘c F Giesel 
wid that the emanation i.s positively charged, but in view of the short period of 
m*cay, it is possible that the efiect was pr(»duc<‘d by some of tlu' jiroducts of decay 
From the effects on the ionization of gases. H L Bronson inferred that the emanation 
in decomposing giyi's otf two a-partich's for each a-particle given off by the active 
deposit in erpiilibrium with the emanation This was confirmed by II. Geiger and 
E. Mnrsden. and it shows that either the emanation gives off two a-particles or thl*re 
must Im' an intermedia^' u-ray radiating j»rodu«'t. H. Geiger showed that the Inst 
hypoth^i'sis IS correct, and the half-life p<«rjod of this intermedia^' product is f)*()()2 
B«o. The decay of actinium emanation w attended by the emi.ssion of a-particles 
which, as A. Debieriu'. and F. Gie.sel showed, furnish helium gas. The range R 
»» “‘r l''»” was found by 0. Hahn to be 5 8 cms.; S. Mover’ 

T w' vTr ^ \ Geiger, 5 7 cms. ; at O ’, H. Geiger ami 

^ velocity, V, of the a-ravs, calculated from 

pa ^-1 .38x lO^'A. IS 1 *98 \ Hi® cms. per .see S. Meyer and co- workers found l *78x lO® 
oma.per sec. H. Geiger and .1, M. NiittaH's relation In'tween the radioactive constant 
A, and the range, R, is shown in Fig. 11. H. A Wilson’s relation log A -log R - u-f bR - 1’ 
where a and b arc constants ; and K. Swinne’s relation log A «-f where a and 
6 are constants, an^ also in ogri'ement witii observations on aitinium emanation 
,The kuietio energy of the a rays is I * 15 x lo 5 ergs ‘ * 

W. Ramsay, and 0. lUhii said that emanation rises in air as if it were siwcifically 
lighter than that inen.striium, but this may be due to its having b. en explosively 
eje^d from the solid, or to the emanation Wing hotter than the ambient air. 
A. Debierne measim'd the eoeff. of diffusion. K, of actinium emanation, and found 
0*112; for carbon dioxide, the eoeff. was 0*112; henre, from Graham’s diffusion 
hvf, the mol. wt. of radium emanation is alamt 70. This number is verv improbable 
8. Russ olwervml for the cm'ff. of diffusion in air, 0*096 0*122 ; in hydrogen, 0*330 ; 
in oarlwn dio.xide, 0*073 ; in suljihiir dioxide, 0*062 ; in argon, 0*io6 -0*109. For 
the effect of pn^ss. p mm., on the eoeff. of diffusion. A’, he found : 
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and from a oomparison of the coefEa. of diff union, he found the moi. wt. of thorium 
emanation to be 142 times that of lu'tinium emanation. (*. Hruhat found tliat 
the effect of temp, and press, of the coeif. is nueh that a constant : 
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The average of the constant is ()‘(X)101 ; and therefore for p 7(K), and ^=15^ 
•A~0il3. The mean value of S Rujw w (» I15 lH*tw«H*n 10" and 18^; hence, all 
three workers obtained approximately the same value for the diffusion coeff. of 
a<*tinium emanation in air. For the ratio KrO|''Knir (J. Bruhat found 0*68, and 
S. Ituss, 0‘70 ; for KHj./K*ir, G. Bruhat gave and S. Ku.hs, 3‘44. For other 
materials, G. Bruhat found for ratios of the diffusion constanij* of the following 
va|K)ur8 in the gaac-s named : 

Mt'thyl Kth)l Fttfiulo Ac«*U«* KU>>I W*t4^r ('itrbon 

Ktiier, alcuhul. aJoo))i>l. Acld ftiriuAt«. li<*niruo. viipeur. dkixai*. 

C(),/Air . 0-71 0-6« O 07 (Mi? O il" 0 U? 0 70 0 07 

. 3'8 3 8 3 7 3 0 3 8 3 0 3 5 3 5 3 K 

For actinium emanation, the values 0 l>8 and 3 " r<*sjK‘etiv«*ly, thus showing that 
the emanation behaves like an ordinary gas. M. 8. I>‘sli<* also d<*termini*ii values 
of p and K, and obtained 0'(>98 for the value of K at 15 ' and 7b(> mm. The it'ault 
Is dependent to some exUmt on the form of the apparatus. With thorium emanation, 
the corresponding value was 0 (>H5. Hence, the mol. wt. of the two .‘manations are 
not very different. The mol. wt. calculated from the diffusion <;oeff. are, tiw small 
in the case of radium, thorium, and aetinium emanations. It has not yet been 
proved that Graham’s law of gaseous diffusion is applu able to the casi* of an exceed- 
ingly small proportion of a radioactive gas diffusing into an enormous proportion ot 
another gas. K. Fajaiis concluded that radium and a<-tmium emanations have the 
same at. wt. E. Marsden and A. B. Wood obtained the mean value 232 for the at. 
wt of actinium emanation, from diffusion in vacuo. 

E, Goldstein olww’rved the coiuh'nsation of actinium emanation at the temp, of 
liijuid air, and E. Henriot found that at -143', the vap. jiress. is imperceptihlo, 
8. Kinoshita found that eonden.sation Is’gins at 120 , and is complet** at — 150 ®. 
E. Goldstein found the. b p. to be —05 . G von Hevi'sy iiieaHured the solubility 
of actinium emanation in different iKjUid.s, and found the order with increasing 
solubility to be the same, as for niton. Hence, he eoneludcd that actinium emanation 
belongs to the same group of inert gaws as nitron. If the solubility of actinium 
emanation in water is unity, that in a sat soln. of potassium chloride isO ll, in contj, 
sulphuric acid, 0 95 ; and in 

Kthji \my\ Don*- farlnm 

aloolioL alcoboL alUohydo. Donzeno. Tuluene. JVtn>lc*un). Jlitjlphido. 

11 10 1-7 1-8 18 I» 21 

The partition coeff. Ixdwcen wat<*r and air is about 2 ; with thorium and radium 
emanations, the values are resfiectively I 0 and 1 3. F. Giewd found that thin 
celluloid arrests the emanation. Acconbiig to G. von Heve.sy, wood charcoal 
absorbs the emanation greedily ; at 18" the partition c\x*ff, between carlnin and th« 
gas phase (with hydrogen is above 2(1), and he gave the following comparison : 

Helium. Argon. Actinium om Thorium em. Riwlloin cm. 

2 12 20 50 100 

The parent of actinium emanation is actinium- X, and its imiiKMliate successor 
is actinium- A, which in turn passes into actinium' B, ar tinium-G and -C', and acti- 
nium-D. As in the case of raidium, actinium can under certain conditions impart a 
temporary radioactivity to bodies in its neighbourhood. A Hul»stance expoa^ for 
some time in the presence of actinium behaves os if its surfaix; were coated with an 
invisible film of radioactive matter. This induced or excited raduxidiviiy is derived 
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from the trsnefonruitioif of actinium emanation. The surface of a body eitposed 
to the emanation Woines coated with an invisible film of radioactive matter, 
called, for convenience, the or^uv* dejumt of actinium. This deposit emits a*, jS-, and 
^rayi. To obtain the active deposit, a current of air laden with the emanation 
U! passed through a metal cylinder provided with a metal electrode held axially in 
position, and insulat<*d from the cylinder by rubber-stojjpers. If a potential of 
about volts is maintained between the central nej'atively charged electrode and 
the positively charged cylinder, the active deposit collects on the electrode. , The 
distribution of the active deposit on an electric field has bej*n studied by 
E. M. Wellisch,^ H. Uu.s.s, 11. T. llrooks, W T. Kennedy, J. C. McLennan, and 
H. P. Walmsiey. According t<i A. N, liUeian, in dust-free dry air, (i) the percentage 
of actinium active deposit collected on the cathode increases with increasing 
potential to a deliniU* limit of ‘J5 per cent, us the maximum, the remaining 
6 per cent, consisting of neutral partiejes, arrive at the elei trode.s by dilTu.sion. 
(ii) No negative particles take part in the distribution, (iii) For lower values of 
the cathode deposit, the formation of neutral d»'j»o.sit particle.s results both by volume 
reciombination and columnar recomiunation of the positively charged particles 
with negative ions. Doth types of rei'ombination o<‘cur at a faster rate for the 
deposit jiarticles than for ordinary positive ions, due to their larg**r mass and size 
and slower speed. In ail respects the actinium active ileposit behaves, <|ualitatively 
at least, like that of radium. It is supjtosed that the recoiling deposit particle, in 
its collision with*the molecules in itvS path, expels from them n<*gative electrons with 
much great^T vslociiy than is imparted to the positive ion, so that the reeoil particle 
IS surrounded hv an overwhelming majority of positive ions, and there is a greater 
probability that it will emerge positively charged than otherwise. The fact that 
the limiting value for the eathode ileposit is for ai tinium (Do per eent.),greater than 
for radium (DH per cent ) is what is to he e\pc< ted from the fact that the aetinium-A 
atom recoils with a gr»'atcr velocitv than the ra<lium-A atom. 

As previously indicated 11. L. llrou.son found that twice as muuv a-j)artielt's were 
cx[.elled from aetimum emauatnm as were e.\pell.-d bv actimum'-C in ciuilibrium 
therewith. 11. (huger and K .Mur.sdeii noted that tlie a-partul.‘s from aetiniiim 
emanation appearetl as doubles, ludieatmg either that the atom iii breakim' bp 
emits two a-partieles, or that the emanation gives ri.se to another a-ray product 
which IS very rapidly transformed. The latt.-r hvpothesis was e.stahli.d'ied. Tin- 
two a-partieles follow oin- aimther with le.ss than ,’,th .see interval. The manner 
in which tin- a-ray aetivitv of the active depo.Mt varies with time depeiuls on how 
long is taken to collect it ; if uinh-r 10 sees , the activifv iin rea.ses slightlv with time 
caches a maximum m7 nuns , and then decrea.se.s according to an exmun-ntial law • 
while if over 10 sees., 11. T, Hrooks observed no initial ri.se in the a-ray activity. 
Iho first transient product of tlie ilccay of actinium emanutioii is a solid, but vvitl/a 
vwv short life, so that it is usually associated with the emanation. It i.s called 
aOtmiUm-A, Ac A. The wry short life of actiuium-.V does not allow it to Im- i.solated 
ami studied in the ordinary way. H. G. .1. Moseley and K. Fajaiis deposiU-d the 
ttctive matter from actinium emanation on the face of a negatively charged ru])idly 
tnitatfng disc ; the radioactivity of the deposit was examined at ditlereiit angular 
dis^nccs by eleetruuil methods. It was thus found tliat a< tinium-A emits a-rays, 
and that its half-porioil is IHK12 sec. Actiimim-A has the shorti-st life of any of tbe 
radioactivo elements yet observed. According to S. Mever and co-workJrs, the 
“ 15" IS r. 27 cms. ; while, according to H. (b-iger and 

J. M. Nuttall, the range is G’5 ems. at lo". The average-lih- period is 5 < J(i~3 s<‘C8., 
and the radioactive c-oiistant A 34(» sees. 

L, Meitner found that if an acid soln. of the active deposit of u( tiniiim is electro- 
l\*ed vvith silver electrodes, actiniuiu-B, and -0 with an excc.ss of a(tiniuni-A, is 
deposited on the cathode. It is thought that aotiniuiU'A is chemieullv analogous 
with radiuui-A and thorium- A. and isotopic with polonium. Its nearest companion 
in the periodic table is tellurium. 
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Actinium-A is very rapidly chanjjed into ftotiniom-B, AeB. This product was 
discovered by A. Debierne and calhKi aetinium-A ; what is at pn‘S(i*nt known as 
actinium-A was discovered later. The changed notation is duo to E. Rutherford 
and H. Oohjer. Actinium-B pass's into tctuuaill-C» AoC, disco vercnl by K. Ruther- 
ford, and H. T. Brooks in ItMM It was first calK‘d aiiituum'B. U T. Brooks found 
that the activity curves of the active ilepo.sit of ucliuium depended greatly on tho 
time of ex|K)8ure. The activity at first incn as«*s. passes through a maximum, and 
decrea^s according to an exponeiitMl law with a peruKl <»f 'M\ mins. 11. L. Bronson 
measured the activity curve for short exposim's This is shown in Fig. lit, whert^ 
the maximum activity is taken at 1(>0. E Rutherford showed that the .curve is 


characteristic of one involving two products, one emitting a rays. tin* other no a-rays. 
The decrease in aetivitv ti.ve.s the ]»eriod of one of these ]*rodm'ts at .’K) mins, and 
A (Mlllt2mm. II L Bronson fouml that A. () .12- min. f»>r the other, or t he m'riod 


of the second product is 2 15 mins 
H. T. Brm>ks showed that in the 
electrolvsis of the active deposit of 
aitinium. an a-ray product was ob- 
tained with a half-life peruxl of 15 mm 
S Meyer and E von 8ch\veidler showisl 
that \sh(‘n a platinum plate is coated 
uith the active deposit and heated to 
a bright red heat, the re.-'idual matter 
emits a-ra\s and decays \Mth a half- 
lifc jxTiod of 1 5 min. 0. Hahn and 
\j .M'ltncr further showed that the 
residual a-ra\ produet hud a half-life 
jteriod of 2 15 mins. Hence, the pro- 



T/me 


iluct with a half-life period of d(j mins Kio lit l»« < ay Curve of the Actno Deposil 
with no a-rays, is actinium B, and it "f A«*(iniuni. 


\olatilizes at a high temp, wliile the 

product, winch does not \olatilize, is aetinium-(' M l><‘vin sliowcd tliat 
ai ttniiim-B liegms to \olatilize at l(»o . and it is e-ompleteK volatilized in ID miim. 
at 7.')0 . Ill i mins at IMHC, and in alxnit half a minute in a blowpipe (lame. 
Actinium-(.' i.s not percepliblv volatilized below 7'*c . A Fleck iliscuKseil the 
isotopy of rjidium-B, and actinium-B; and the possildi? isotopy of thonumd’. 
radium-C, and actinmni-C. 

A Deiiierm; first supjiosed it to be ra\les.s ; Imt O. Hahn and L. Meitner showed 
that it emits feelile j3-rays wim h have an absorption < oefl. in aluminium of ID^ crnK. *, 
and a velocity of 1 ^ lD*oto I 'JK/ L<d'> cm.s per m‘c , or D G.'! when the velocity of 

light IS unity. Actinium- B was also found by E Rutherford and H, Ricbanlson 
to emit y-rays with an ab.sorjition coeff. in aluminium of 12D, 51, ami 15 cni8.~b I he 
half-life ],« riod of aetmium-B by A, Debierne is 4D miim ; by H. T. Brooks, i 1 miriH, ; 
by J. KIsDt and H. Heitel. 54 1 mins ; by S. Meyer and E. von Sehweidler, 55’8 ; 

L. Bronson, 55 7 : 0 Halm and (). iSackur, 5G 1 mins ; by T. (Jodlewsky, 5G mins.; 
by V. F Hess, 3G c7 mins. ; ami by II. N MeO»y and E D. lv<*man, 5G 2 rnins. •The , 
mean value is 5G mins. ; tin; average-life period is 52T mms. ; and the radioactive- 
constant A 5 2<cv 1D“* SITS. Actmium-B is isotopic w ifli lead, and its chemical pro- 
jxTties resemble those of lea<l. L. Meitner depusited it electrolytieally from 
soln, of its salts— -wde supra -and if a nickel [*laDj be dipped in a boiling b'eble 
acid soln. of the active dejiosit of actinium for one to two niinub'S, aetinium-B U 
deposited on the metal. After a< tinium-B Iiu.h Imth volatilized in air, H. Sf:hra<Jer 
found the prixluct to lx‘ much less volatile, and it can be condens«*d on a surface at 
BxnF ; in an atm. of hydrogen, the condensation oficurs several degri'cs lower than 
in air ; this is presumably due to the formation of an oxide. Again, if the active 
deposit be exposed to bromine va[K)iir. to chlorine, to hydrogen bromide, or to 
hydrogen iodide for 10-15 mins., the vidocity of actimum-B is augmented.. The last 
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two KMM caiwe actiniom-C to become more volatile, and after treatment with 
hTdrofleD iodide, actinium-C ia more volatile than actinium-B, ExpMure y rogen 
chloride dmts not affect the volatility, but if the active deposit which haa been exposed 
to hydrogen chloride be tn^ated with watcT. nearly all the actimum-B is diswlved 
but no actinium-C. Actinium-B is readily disaolved by 

the active deposit of actinium be imnu*r»<*d for one minute in 0 OOliV-hyarocliloriC 
or sulphuric acid, 8f>-8ri [)er C4*nt. of the actinium-B is dissolved, and no actimum-C. 

E. Rutherford and H. T. Brooks »M‘parated actinium-C by the electrolyses of a 
boiling hydrochloric aidd soln. of actinium-B or of actinium-X between platinum 
electrodes. Aa indicat<*d above, B. Meyer and E. von Bchwcidler, and M. Levin found 
that at about actinium-B volatilizes from a film of the active deposit of acti- 
nium on platinum, leaving actinium-C behind. Actimum-(’ is said to be isotopic 
with bismuth. It emits a- and /3-rays which, according to H. Geiger and J. M. Nuttall, ♦ 
have a range of h 4<) cms. in air at 15 ', |ind an initial velocity of 177 XlO^cms. per 
sec. at 0“ ; 8. Meyer and co-workers gav*; 515 cina. for the range in air at 15®, and 
1’74 y 10® cniM, per s«‘<*. for the initial velocity at O '. H. T. Brooks, H. L. Bronson, 
andO. Hahn and L. Meitner found the half-life period to be 2'15 mins.; the average- 
life perimi 512 mins., and the ra<lioactive constant A 5'3.‘ix OP secs. 

From the clow analogies bidween aetiniuni-C, radium-C, ami thorium-C, it 
might 1m* anticipated that aetiniiim-C would .‘4h()W peculiarities in its mode of trans- 
fonnation. L. Blunquies found that the variation of ionization along the path of a 
pencil of a-raystfrom aetiimim-(' wa.s rather dillereiit from the corresponding curves 
of polonium, ^nd it appeared that aetinium-(’ is complex, furnishing two a-ray 
products. E. Marsden and co-workers showed that actinium-C decomposed into 
two radiw'lements, one actinilun«D also called uctinium-C"- an a-ray ]>roduct, 
and the other, actiDittin-G 2 also called actinium-C' a jS-ray ]»roduc^t. The latt-i'r 
transformation represi'Uta about O' 1 5 or 0'2 ]>er cent of the whole. Actiniuiii-C^ 
gives off a-rays with a range of about 5 4 eins in air at 15® ; its half-life period is 
about 5 X 10~^ sees., its average-life period is about 7 /. lO"*^ secs., and its radioactive 
constant A -140 secs. ttj»proxiinately. This product is n»)t very well know'n. It is 
assumed to be isotopic with [lolonium. The ehuiig«‘s in the constituents of the 
active deposit of actinium are therefore summarized : * 


AeA -> AcB — > Xd) ‘ ^ 
n 


Ac I ) •-> 
Ac(l, 


E. Albrecht obtained for the relation Ac-C.j : Ar-C- OD HI. The /3-rays and 
y-rays of the active dejiosit. of actinium were initially ascribed to aetinium-C, but 
0, Hahn and L, Meitner showed that thew rays are derived from the decay product 
of aotiuium-C, namely, artiniuin-1). While the a-ray activity of actinium-C decays 
with a half-life ja'riodof 2 15 nuns., the /3-ray activity pa.Hvse8 through a maximum in 
about 5 mins., and then decays exjM>nentially with a half-life period of 51 mins., 
the iiicream* in the /3-rny activity is due to the formation of actiuium-D. 0. Hahn 
and L. Meitner obtained aetiniuni-D by the inetluMl of recoil. A negatively charged 
plate was brought near another parallel plate coated with the active depo.sit of 
^actinium ; in a fow' nunut<*8, about 20 per cent, of the total amount of octinium-D 
(ormeil in the iiiti'rval of ex[K)8ure is tran.sferred to the recoil plate. Actinium-D 
in the form of soijt was stqia^ated from an aei<l soln. of the active deposit on spongy 
platinum or carbon. If a platinum plate covered with a film of tlie active deposit 
be exposed for a short time to a high temp., the actinium-B and -D are almost 
completely volatilized, and the rt'inaining a< tinium-C decays as indicated above. 

0. Hahn and L. Meitner found the halt-life periml of aiitinium-D to be 51 mins., 
while A. F. Kovarik obtained 4’7l mins. ; the corresponding average-life period, 
C‘8 mins. ; ami its radioactive constant A— 2‘4r)X secs. T. Godlewsky found 
the ooeff. of abwqition for aluminium to be 32'7 cms.~A and 0. Hahn and L. Meitner, 
28‘6 cnisr A 0, von’Baeyor obtained for the magnetic Bjicctrum of the /S-rays of the 
active dejmsit of actinium, rays with velocities I'SOxUdo^ l'98xl0*®, 2’22xlOi®,. 
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ftiid 2'73 X 10^® COM. j)cr sec, K. Kuthorfoni aiid H. Richardson found the absorption 
coeff. of the y-rays of actinium-D to be 0 198 < m.i of almniniuin. Actinium-D is 
said to behave chemically like thallium, and to be isotojoc with thorium-^ and 
radium-Cj. 

It has been shown that two different lines of argument on the origin of a('tiniuni, 
furnish the at. wt. 226 if derived from uranium- 1 1, a?ul 2.'lt> if deriv(*d from uranium-1. 
The former hypothesis is generally accepUKl, and allowing a nHluetion of four units 
for each a-ray transformation, the at. wt. of the other memlH«rs of the <u*finium 
series hre readily estimated. This gives the genealogical trt*e shown in Tabh* VI II. 
A summary of fhe radioactive prop«*rties of the memlMTs of the series is given in 
Table IX ; and the position of the individual members of the actiinium scries in the 
jieriodic table is given in Fig. 20. 



Fig. 20. IViwtion of the Meml>erH of the Uramiiiii-Aetinium Senes m the Poriodie Table. 

The naturt^ of the end j)roduet of the decay of a<tlnium -(^2 by the expulsion of 
an a-partielo is unknown ; the at. wt. of this product, 2ln 4 2(M», makes itajipear 

as if an isotope of lead is }»roduced. Only 2 per cent, of the parent uctiniiim-O is so 
eonvcrb’d ; the remaining 98 per lent. changes into actiniiiin-1), which, on account 
of the at. wt. 2fH), appears as if it is an isotope of leatl ; and since actiniurn-l) gives 
off ^-rays, it pa.ss<‘s into aetinium-E, AeE, which, having the same at. wt , i.s possihly 
another i.sotope of lead. It was shown in connection with the end-}»rodu(:t« of nwlium 
that the at. w't. of lead extra< t-4Ml from uranium minerals free from thorium is always 
fess than 207 ’2, the at, wt. of lead derived from non-radioaetive sources. •The 
at. wt, of a number of samples of lead from uranium minerals is 2f 16‘04, and if ajiproxi ■ 
mately 8 per cent, of this is derived from the aetinium*brari(di, and the at. wt. of 
aetinium-E is 210'1, instead of 206, the at. wt. of lead should lie 206’4. A. Hoimefl 
and R. W, T.<awson argue that if the at wt. of actinium-E is 210, it is an unstable 
element and is disintegrating wdiile the end-product of the railium wries is accumu- 
lating. If actinium-E is slowdy disintegrating with the emission of ^-rays, it would 
form an isotope of bismuth ; and the at. wt. of bisinuth extrarO-d from uranium 
minerals would not be 2^)8, characteristic of bismuth from non radioactive sources. 
If actinium bismuth is unstable the loss of an a-particle per atom would e-onvert it 
into a thallium isotojie, but analyiw’s of uranium minerals for thallium are not 
available to test the suggestion of A. Holmes and R. W. Lawson. 
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and K Fijana, lA., (0), 22. 020, lOll ; E Bnthfrf<iril an<l H xh , (0), 22 <>2l, I'.MI ; 

E. BaithfrfonI ami H. Iln hanlann, tb., (0). 26 0.17, 101.3. .‘S BnHM*ll and .1. (,'luKlwu'k, xh , 

(fl). 27. 112, 1014 . H. .SchrathT, tA., (0). 24 12.5. 1012, H. L Bronaon, iA , (<5). 16. 201, 1008 . 
.\vur Jo'irn Snuin-, (1). 19 ls5, 100.5; S Mt-ytT. 11 V H«‘M. ami E. I’.amOh. Sitzhcr. Akad. 
II irti, 116 310. |<«<7 ; E. Alhrorht. lA , 128 025, 1021 ; S M< \« r and E \«in .Sr huridlcr, xh , 

114, 1147, Ii»05; V. F Hvtw, tA. 116. 1157. IO<77 ; H. and .f. M Nuttall, /'At/ Mag , (fi), 

24 047,1012, T (J.Kllowaky, iA..(ii), 10. .3.5.1005, A S BuKwdl.iA.. (0),24 134. 1012; A Holrm-ti 
•iml B W UwHon. lA , (0), 29 07.3. 101.5, E .M. dm r. /'At/a Znl , 12 1004. 1011 ; O. Hahn and 
I. .Mfitm r, lA.. 9. 040. 1008; 15. 2.30, 1014; M. I/ vin, tA , 7. 812, BH8> ; H. N. .Mt (5>v and 

E I) J^ m.an. lA , 14 1280. 1013; A F, K»vank. tA . 12 8.3. 1011 . ( >. vnn Ba.->t r, (>. Ilahn, 

ami E. Mcitnvr, xh.. 16. 0, 1015, A. Dtdn.-mo, lA . 7 II. 1!M»0; ('amjxt Rnul , IM. -503. 1800, 
130. 0O<l. HXK); 136.071, 100.3, 138 411, 1004, A. Elatt r ami IE (Ivitfl. ArrA. Aru no< 05 t . 
(4), 19. 18. 1005; (). H.ihn and 0. Sa<-kur. IUt , 38 l'H.3. B8>5 . 1- Hlamjni('a, (Vwipf. Hnui., 

151. 57, 1010; /.r IVidtnm, 6. 2:U), 1000 . 7. 150. lOK*. F .S<>ddy, 1 hr i hmixtri/af (hr Radxu- 

fhmfnlx, Et^)ndi)n, 2 20, 1<H4 ; FW’k, .faum I'hna. Sar , 103 .381, 1<85J, 101.3 


14. The Transmutation of the Elements -Alchemy 

W'tnihl to (oxl all inrn mtyht Itocoinn ftil»’|di» m our art. fo*r then the yreat tdol •>/ 
mankind, would lowo its value and wo aliould pri/.o it «»iW\ for ita wciontdic t<whinK 
E. PHiLAL>rrHKs (1051). 

Alchemy appears H) have liccn a mcdi.'nval Hyhteni ctf philowtphy, and it iw>UF)it 
to domonstrato the validity of its doctrinea ronoornina the roariioM by tranwrnuliiitf 
the baser metals into )<old. The followini^ excerpt** from ab bemical writings ' will 
perhaps make clear th»*ir ideas on this subject : 

(lold la the most |>erfect ol inctaJii bocaum* in it Nature has fini»he<l her w-ark - RooitK 

ox (1214-1294) 

The metals are all eaaentially identical, they differ only in form. Form brings out th# 
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Arfioideiital cauM>H which the experimenter must try to discover and remove. — ^Albertub 
ltAUKUH(U9a i2H4). 

If by any nNUion the superfluomt matter could be oivanicalJy removed from the baser 
metals, they would liccome gold and silver. Our art only arrogates to itself the power of 
(mveloping, through the removal of ail defects and sufie^uities, the golden nature which 
the l>ae*'r im-ttals pouatm.- E. riiiLALETUKs (1961). 

The rnyMtii; gnomi* who lalM)ured in order to quicken the growth of the metals 
in iriincH was a creatun* of the superatition of the childhood of man. Even the 
general Hcepticium of fl Agricola did not protect him from a belief in these demons ; 
and th<5 knockerx of tin* Corniah miners, until recently, were very r^^al. G. Agricola 
wrote as if he kn«*w' all about them ; 


'rh<’rn H th«) gentle kind fif gnonio which th« (lorinans as well as the Greeks call cobalox 
b»x)au»4«» they mmiu; men, 'J’hey ap^H»ar to laugh with glee and pretend to do much, but 
really do nothing. 'I hey are calhMl ** little mmers,” UrauM' of their dwarfish stature, which is 
almut two fe«4)t. I h<’y are veruTahle looking and are clothed like miners in a filleted' garment 
wUfi a leather apron about their loins, 'nos kind docs not often trouble the miners but 
t^ev idle about lu the shafts and tunnels and really do nothing, although they pretend to 
iw Imsv in all kinds of laisnir, soiiietimes digging ore, and sometimes putting into buckets 
that whiefi has Uen dug. Sometimes they tluow jsdibles at the workmen, but they rarely 
injure tht'in unless the workmen lirst ridicule or eurse them. They are not very dissimilar 
t<j gohlmH, which (S’oasionally appear to men when tiu'y go to or from their day’s work or 
when they attend thmr ‘ “t Jh’- Heeausii they generally ap|>etir lienigh to men, the Germans 
•nt et ^ \ women as well as men, actually 

L Jr', b ‘ gnomes are oepeciallV 

W tivo in the wvrkingM where metal has n]rea«ly IsH-n found, or where Uiere are hc^ 

‘t., because of wb.eh they do m,t disc-ourage the miners, but on Z con^a^ 
stimuJate them and causa' them to labour more vigorously. ^ 

The pcrliaiis, more philofiophical ali licmi.Hte hclmved that the perfecting of 
the mctul.s o(T,urrcd Hpontane«u.sly in the bowels of the earth, and Pliny in hia 
Dt ,m/«ra/iN (77 a i>.), tells u« that exhausted mines have hemi clost^d down 

te 4‘iiah e the metals to fructify, and so Im' again protitahly worked in a few years’ 
time hey also hel.cvcd that Nature aimed at the production of gold in mines, 
arul that wlum she is hmdered m her design, the so-calhul imperfect metals appear 
1 he ha.si;r nH* uIs were hence called ” dis4>H.sed gold ’ ; mercury was “ ailing silUr ” ‘ 
copper, iron leail and tin were ” lepers ” whieh, when cured of their leprosy, would 
become gold. | he alchemists sought to fiml some ini'ans which would hasten the 
slow natural change .so that the transmutation eould he condueted m a niueh shorter 

.mlhl'l i) the alehemisU indiflferently 

called the elixir, the philosopher’s stone,” ete. ^ 

The aleheimsts wroti' m a language we do not now understand. They seem 
te have a.sso(uut4'd mystie extravagances with their operations, and to have de^ rihed 

M P with the result that tlimr readers were 

Bteii ned as U Ho^e i xpn'.ssed it. “ with dark and empty words,” No wonder 
t^at J. J. 1 ontanus (loLO) eomplained that after travelling through many countries 
te i .xaimne tlm claims of the adepts, he found many deceivers, but no true philoso- 

dttrd’ iTf an art the beginning of whieh wa.s 

fhn *5’, "«« falsehood, and the end beggary.” Alchemy 
!h into disn'pute. for it .seenusl as if its claims could be establwhed only by 
chi(aney> and fraud N,m,> of the more honest Isdievers explained their failure 

aLTi^I m “1 of f^nnian capacity, 

and it IS made known hv (,od te those alone whom He favours, and who are called 

adepte. At one period however, the majority of alchemists did six'k to make gold 
theapiv with the sole object of gaming untold wealth. Failure or delusion was 
inevitable. Accordingly, the alchemist often inisrt'presenteHl the truth and degene- 
rated into a charlatan and inip<Kstor, pri‘tending, with vulgar frauds, that he had 
«ucm>ded in order, say.s M. M. P. Muir, “that he might rvally make gold by 
cheating other jieopic, or else gain notoriety, 

• . ‘?|T' '‘OW tl«> belief tli»t the h»ae metals oould be converted 

into gold dominated ancient and mediaival chemistry. Facte were cited in ite favour. 
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The production of beadii of silver and gold by the oupellation of metallic lead, and 
the reduction of metaliic ores furnish^ direct evidence of the metamorphosis of 
the metals. Again, iron utensils in copper mines iKH-ame cosUmI with red copj)cr 
when left in contact with the “ mine water," s*> that the iron was seemingly trans- 
muted into copper ; similarly, the formation of white and yellow allovs by mixing 
copper and certain earths, fk‘emed with the then imjK‘rfert knowledge. ami>le primf 
of transmutation. 1 he dogma of transmutation thus appeared eminentlv plausible ; 
It ran counter to no known law's of nature ; it rested upon no extravagant assump- 
tions;* and it was sanctioned by the liighest authorities. The immeiiw labour 
which must havd been expended in the fruitless pursuit of this chemical chimera 
by the alchemists is appalling. The quest was virtually abundoneil w ith the advent 
of Lavoisier’s balance. 

Isaac Newton 2 gave vague hints of the mutual convertibility of rare and dense 
forms of matt^T in some bold speculations he made before the Koval Stx iety in 
1075. He said : * 

Perlmpt* the whole frame of natun* may In* nothing hul vanoiiM oontextiin'H of soma 
eertam reUiereoJ spiriu or vapouro. eondenm^l, tm it w»‘re. by prtH ipilation, mm h after Uie 
name manner that vapount are <'ond<‘mM.Hl into water, orexliaiatiuim into groA*er i^uhNianoes, 
though not HO easily eondeiisihle ; and after eondeiiMation wrought into various forms, at 
lirst liy the immediate haml of the Cnnitor, ami ever suuv* by tlio power of nature, which, 
by virtue of the ooinmand “imn^aiw* ami multiply,'' biMuinie a eomplete mutator of the 
copy in't her by the gn^it Protoplast. Thus, p<Tbaps, muN all things be onginaled from 
ather * ^ 

.\ jxissible di>iS<jciation of the elements has also l»een more or ‘less vaguely 
Miggestod by K Krodie, J. N. Isickyer, T. S. Hunt, K. W. ('larke, etc,. 

I. Keinsen ^ has cmphivsizi'd tiie fact that the alchemists wen; the working 
eliemi.sts of thrir day, and that they laid the foundations of experimental science. 
He further develop.s the idea tliat there is a life aftT the death of a good doctrine. 
The phlogiston theory lived in the form of the moilern diM'.tnne of free energy, and 
the idea that there is a relationship between the elements is what I. ib'inw'ii calls 
the spiritual ]»urt of alchemy which lives though alchemy is dead. Tla* alchemist's 
drcajii of tran.Himitation is very little nearer realization to dav thaint wasatliousand 
years ago, for no one has yet really succeeded m transmuting one chemical ehunent 
into anotluT other than bv speculative argument. There is no umm|K‘arhable 
evi<l(*n<e of a single tran.smutation of one clement into another jiredetermincMl 
1))' man. Excepting the uitirprdafum of the re.sulls of Ji Uutherford's experi- 
meiit.s d(‘s<Til)e>d liclow, the word.sof .M. 8. (’uric are ajijiljeablc ; 

Kn nitmruo, on pmit conuiderer (ju il n y a pan ('m ore af tm'iiium nt di- riuHonn milliHant«« 
pour admettre (pie la formation do vortairui (dAmontH puiiMo t-tro provoipi'-o u volonUi on 
pnW'uco do corps rmlioaelifrt. La production «i'h<'*lium rcNcU' bcciuiho ; imun elli* ckI icliijei 
H uno prupn6t<i osHcuitidlo don i^Uunontn radioacUifn ot n'wt pa« mmionet's} [>ur l intervention 
flo r«x|s!>nmontateur. 

J. J. Thomson has also stated that all his eflorts to decompose atoms by cathode 
ray.s or positive rays have failed to produce; any conclusive evidence of a trans- 
ftirmation. True enough, a few radioactive elemeHta -radium, actinium, polonium, 
uranium, and thorium aeem to have lieeii discovered m naturt*, and they are usually 
stated to be changing spontaneously from one elemental form U) another ; but no 
process known to man is able to accelerate or retard, stop or start the metamor- 
phosis. No element has yet been broken down into a simpler substance by a process 
controllable by man. In the words of Francis Bacon, tuiiura rntm non nui pan ndo 
vtncUur -nature to be conquered must be obeyed. 

The alleged transmutation of coppi;r into lithium and s<gJium by A. T. (Jameron 
and W, Ramsay has b<*en denied by M, 8. Curie and K. Cleditscb and by K. J*. Kerman 
the lithium and sodium were derived from the vessels used in the work ; the 
production of neon from radium emanation by W. Hamsay, and W. Ramsay and 
A T. Cameron has been denied by B. Rutherford and T. Koyds -the neon was 
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derived from the air which had not been excluded from the apparatus ; and the 
formation of ( arbon dioxide by the action of radium emanations on soln. of thonum 
and iirconiuin by W. Kanmay and F. L. Usher has been called in question by 
K, Rutherford the carbon apj>ears to have been derived from the grease used m 
lubricating the »t/,|«<K ha. The ull.-g.-il trai.sii.utatiou of hydrogen mto neon, by 
W. Kaniaay, J, N. I 'ollu- and If. S. l’att. rw.n, and 1 JIasson. by the action of a stream 
of (;athode rays on hydrogen w eons/dered by J. J. 'Ihojnson to be a nial-Hiference, 
since the neon is thought to he derived from that oniiinally occjiideil by the electrodes, 
or, glass vessel, and which is expelled by the bomhardment of the cathode rays, 
but which cannot be removed by the mere application of he&t. K. J. Strutt, 
T. R. Merton, A. (,\ G. Kgertmi, and A. fhutti and E. Cardoso could not verify the 
alleged conversifjn of hv<lrogen into neon. E Hriner records some negative attempts 
to transmute lofline vapour, or a mivture of hydrogen and helium by beating them 
in an electric are , ami R, VV' G VV'^ckoff’s attem]»ts to transmute lithium were 
likewise nugatory. 

Intra-atomic energy. The facts previously imiieated show that not far from 
2,()()0,(XKt,(KJO cals, of heat are evolved during the degradation f)f uiie gram of radium. 
This is a quarter of a million times greater than is evolved by tlie eomhiistion of a 
mimlar weight ot ('(»al. lienee it is mh-rred, from the atoifiie disintegratiou hypo- 
thesis of radioactivity, that the atoms of the radioactive elements, and probably 
also of other elements, liave trememlous stores of potential energy, far gnuiter than 
IS developt'd Juring ordinary eheinical reactions. The rate of degradation of the 
energy of the radioactive elements is < ()inj)arativ<*ly slow, iind is not available for 
doing useful work. The rate of evolution cannot he intlueiiced hv any know-n 
oomlitioiiH and eoiiHefjUentiy tlie traiismutatmn of (he elements involves the di.seovery 
of nu’thoils of controlling these tremendous siqqilies of energy. Just as the apfili- 
cution of a large quantity of eieetrieal energy < one«*ntniti‘«l at tlie ends of a ])air of 
ulatiniim wiri's eriahleil H. Davy ^ to decompose the alkali nu'lals, so W Gstwaid, 
VV. Ramsay, and others infer; i/ccir otic .stahic element Inmsmuted into miolher 
elctnetil, a hiri/e iiuiinlilij of cneTfiif in n eoneenlniUil eondiUon tail he reijuired. 

This is quite' in harmony witli the alleirfd dissociation of the ijeimuits in tlm hotter 
stars (7. 1’,), wlmn’ hut u h-w elements are pn-seiit, and where the teuiqu'rat im* has 
hern estimute'd at The ^JiNKi'-UHX) obtained in some eieetrieal furnaces 

appear hut puny in compari.son with th«’ tnuiH iidous nnlural jiowers [»reseiit in the 
liotti’r stars There is some e'videiiee that tin' swifter a-rii\’s can furnish the 
necessary energy for atomic disruption 

It has been pointed out that the formatcjii of. say, gold from a metal atomK ally 
lighter, say tin, would require the e.xpenditure of .so mm h energy that even if the 
transformation wen' aecoinplished, it could not he a successful eominercial process 
for the production of gold. On the other hand, the formation of gold from an utoini- 
cally heavier metal, say lea«l, would lilsTate such an enormous amount of energy 
that the gold would lx* but an insigniticnnt by-pro«iuct, for the energy lilieratf'd 
during the proct'ss would have an emirmouslygreati'r value than tlie metal. \ S^ haek 
discussed the thermodvnamirs of atoime energy 

/rhe a-rays of high vt'loeitv are powerful agents in pro(iueing i hemieni reaction 
between molecules, hut E. Rutherford has added some eviileiire that the a-partieles 
can induct' even more tllastie changes in the attmi itself. E Hutherfonl,^ and 
II. Geiger and K. Marsden studied the scattering of the a-partielcs as they pass 
through matter. In the ease of the heavier atoms, like gt>ld. the a-partiele suffers 
no defleetion, and the great rarity of large defh'etious led to tlie assum])tion that 
most of the atomic mass is eentn>d in a ndatively small, jH>sitively charged nucleus, 
and in a direct impact the a-partules approaches the mieleus to within about 
3 x oms. in the east* of a heavy atom like that of gold. The large deflections 
are then attributed to the close impact of the a-partiele with the nucleus of 
the atom- Fig. 3. With light atoms (i) the repulsion is less because* of the 
amaller nuclear charge, and the a-particles can approach nearly ten times as close 
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us in the case of the more hijihly charged nuclei of the heavier atoms ; and (ii) on 
at'oount of the small mass of the lighter atouiu, they art* rejH‘lled to gri'uter distauoea 
than the heavy ones, aud in some castes projechnl heyomi the range of the imjM'lling 
a-partieles. I'. U. Darwin concluded that all Utfld atom.s tWM a gftujU' jhitiitir tiuclmr 
cMartfi't up to aud ttuludttui oxytjen, sluadd U reiklhd by a douUy vharyrxi a-j»or/iWc 
in the name medium, if the re|H‘lled atom has a (luuhK‘ nuclear charge, no atom 
heavier than helium could l>e is'jielled beyond flie range of the a particle without 
(thlaimng energy from some other source. E. Marsdeii estimal<‘(l that the 
nuclear encounter of an atom with an a-particle .should rt'jiel the h\drogen atom 
a velo< ity* 10 tunes that of the a-particle ; the range of the hydrogen 
atoms should Ik* four tunes that of the a particle . and its kinetic, energy O hl of 
that of the a-partiele. ih* was able to detect the jtropulMon of the livdrogcn atom* 
l)(*\ond the range of the a part lele. 11 Haerwald, and 1 H S« eiiger ha\e discussed 
the actum of a-partn les on matter. 

E Hutherford followisl up the siihjeet, ifnd showed that the numln'r of hydrogen 
utoiii.s projected forward liy an a-purtieh^ t»f 7 cms. range i.s llurt\ tunes greater than 
IS reijuired hy the simple theory of .seattering , and tiiis was explained by assiimuig 
that the nucleus is dustorted by the close appHuich. In trayersing one cm of hydrogen 
almiit 10^ a-partioles propel one swift hydr(»gen atom, or. out of 10“ hydrogen 
atoms ionized, one is propelled forward at a high v«’loeity as a result of direct nuclear 
impact. The charge of the swift hydrogen abmi.s is iiiupoliir and positive, and tlie 
maximum vtdocity is in accord with theory, m: I tl times that oj the a-jmrtiele, 
Niich'ar imjiact is an atomic. phciKmienoii, ami is prodmed cither with an element or 
with its compounds. It is very diilicult to eliniinah* water vapour, and jmssihly 
other h\<lrugen eompuiind.s. from the lield of action; and, in <«mse(juenee, every 
.s(iurc«' of a-radiatioii [inxluces some liNtlrogen atoms moving at a high s]M‘ed. There 
1^ also the po'sihiiitv that h\drogen ]>arti<’les are .sliot from the radioactive element 
iiiiK h a.s the a-purtn le.s are emitt4*d, Imt there is no other evidence to supimrt this 
ii\ pothesis 

E Uulfu rford investigated the effect with nitrogen and tixygeii gases as well 
as with hvdrogen. A.s,summg that .singly i harged partich-s are foniKs! as a result 
of <lie impa<t, (he .swift nitrogen atoms should have a range J .’l.’i times, and the 
sw ift oxv gen atiUiis a range l lL' tunes that of tie* impelling a jiarle le, 'I le> ohserved 
range for nitrogen i orre.^ponded veith theory, hut the range for oxygen was littJe 
tlilfereiit from that for nitrogen («. S Euieher .sh(*wed that the swift particles 
were not likely t<j he suiglv charged oxvgen or nitrogen atoms heeauM* it is not 
lik«-iv that the orbital ele( trolls would he borne along with the imjtelled atom, 
it IS assumed that the forces huiduig thcsi! elei troiis to the nu< h us are not sullicieiit 
to overcome the initial inertia at the moment of impai t when they would have to 
lake up a velocaty of lO^cms. per sec in leas than lO sec.s. I’lider these conditions 
it IS ])rohahlc that these electrons would he h ft helund, or else tliev would soon he 
brushed off hy contact with the molecules of the gas being traversed. If tin* swiftly 
im|H*lled jiarticle.s were nitrogen or oxygen atoms with imiltijile i harges tlu'ir range 
Would l»e shorter than the ohH<‘rved values. G. S. Fulcher therefore assumes that 
*the swiftly impelled particles are really a-partides jirodmed hy the disrujithm of^ 
tlie nitrogen at^un by impact. As in radioactive changes, during the atoiiue convul- 
sion the internal atomic energy becomes available, and it enables the doubly charged 
helium atoms to he project 4 *d beyond the range of the Ixmiharding a particle. The 
observed fact is tliat moving purtirle.s arc impelled by a-rays, tin* int<*r])retatio« 
by (f. 8. Fiih her is that the atomic nucleus of a small fraction of the at/oms bombarded 
by a-rays is entirely dLsrupU'd into a-particlea. The phenomenon thus reprewntvS 

a' kind of artificial radioactivity. 

E. Ruth<*rford plareri radium-C as a wjune of inU'iiw’ a-rays in a metal box, 

•1 ems from the end ; an aj>erturc in the Imx was covercd by a silver plat<‘ eq. in 
stopping power to tJ ems of air ; and a zinc sulphide sercen was [dared al>out I cm. 
dujtant from the silver plate. If the box be exhausted, the number of acintillatioiiii 
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P«r on the tserevn increasefl ; if dry air or carbon dioxide be introduced, the 
number of acintiilations j>er «ec. incn-awee in the ratio to be expected from' the 
mcreaaed «toppiii|j-powcT of the .3 cms. gaa coluiun ; but if nitrogen from diferent 
louiwa- uitrogeu, br>ron nitride, «odiuni nitrate, titanium nitride, and paracyanogen 
y-bo introduced, the number of w'lntiilatiomi jmt sec. increases beyond this amount. 
iS assumed that hydrogen atoms are (Jriven from the nitrogen atoms by the a-ravs 
"lii .'''T particles to be’ 

^ T" t‘'T- ‘'■“f ‘'I® “'town 

«tf«n sSS.£i£d SSSSIS? ““ 

tl... K, furtl^rltl^TJhirn th 

tlTm. «i>arti( le in :m,m succeeds in getting near enough to 

velocity forTt to ^ 

n.S";nrr •>' -y •- 

:I;zil' to""" ■" ^ f- 

the swiftly moving particles cuntnif jm . f ^ ^ evidence that 

hydrogen. ^ of nitrogen with 

on, Iwu tor;;!;:;!:^ "/ «n-l nitrog..,. 

atcHH; but, u«lc»,l . f i r^; , . ' " “ "''7’ '‘"‘ "mgly charge.! or hydrogen 

Thcae,,artieh.aw,.r.. tl„.r.'(,"r,. l"u ed . 1 « 3- 

raiigoparflele.H eorreaiiou.tina to Ihiitf f " " V"**, " No long- 

w,.™ f^rruah,..! by "xl'g. u m"n ''.''IvoKc.. a.ul rutrogeS, 

carbon dioxi.le, and aul|diiir dioxi.le nii.T"?" liutT^f ' 7 " ‘*''‘.''''''/vom the oxygen, 
the oxygen nueb.ua i.a elu a,7on;,rr7,b a " »;-< «r.b»gdy .suggeated that 

The nucleus of nitrogen is similarlv emn positive charge of 8. 
of mass .3, two singly charged hvdrL doubly charged helium atoms 

giving a iiet P-itive e2;:\!?f three binding electrons 
made up of four sub atoms of mass '{ J\^ .1 ^ be 

M. C. Neuberger calls the assumetl olon ' ‘ ioirge and two binding electrons. 
•s«Ar/mm ; and he UinuiZ a , T " ^ Rutherfonl’s a\ 3 ~ 

^ corr^ponding to the at. n.aaa •( -ir, xto-u g™, " 

ohargo.1 aton.rof'’n!^’*V«7l7tl.‘lTl77"" “‘V"’ •'‘'‘"K “wift doubly 

the nutnber of the foruu.^.;; 7' .la thfM777« “*'7 “7;7 ®"“ 

the two iuod.'8 of tliaruption an- in.l * i ' “j ‘f ‘‘ ‘tat 

atom. ‘ >'>d.'|H.|.d,.nt and do not occur in the same 

(»ntain8ub-atoiiiaofniaM3-''in7.hl!tLn7'l*"' '**" varbon, nitrogen, and oxygen 
of mmal.and in the^’o o7v„.r h ‘^“'"'7'*'*'''^ 
of nitrogei, expi-riment Xwa Xft7! 7 
• and dialodired bvthe a-partiolcB than t'he"n,o7”"7 f "7” 

rtoult.indi<«to that the element, are buUt“rp7S"ntL&;.7:t:^"ratoI^^ 
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with even greater maasee functioning aa eecondarj* unite. The nuclei of tnaasM 1 
tnd 2 each carrying one charge are regarded as hydrogen ieotopce ; those with 
mass 3 and 4 each carrying two charges art‘ n^ganUnl as helium isotopes. K. Ruther- 
ford and J. Chadw'ick found that the long-range partides from aluminium cany 
a positive charge, and are deflected in a magnetic held to the degree to be 
anticipated if they are hydrogen nuclei moving wdth a velocity estimated from 
their range. E. Rutherford atlded : 

On j>re«ent views, the neutral hydrogen atom »h regarded as a nucletw of unit charge with 
an electron attached at a distance, and the «|>ectrum of hydrtigen is aaonlieil to the niow- 
inents of tfiis distant electron. Under some cunditioiis. however, it may Is* poasihla for 
an electron to combine much more clostdy with the Il nueicus, forming a kind of neutw 
doublet. Such an atom would have novel {>ro|H*riM'e. lt.s external field would b<» practically 
it*ro, except very close up to the nucleus, ami in cons<Hpi»‘nce, it should 1 m» able to mow 
fieely through matter. lU pr»*s»*nce would prolmbly Ih* didicult to tlet<H‘t by the »]M*otro* 
sou|ie, and it may be iinpoMwible to contain it m a sealtMl v««eKcI. On the other hMul« It 
sliould enter it*adily into the strueture of aton*, tuid may either umU* v\Uh the nucleus or 
lie disinlegratctl by iU uitense field, resulting |>ossibly iii the eiwajM.* of a charged li atom 
or an electron of both. 

R. A. Millikan and co- workers said that the passage of an a-ray throiigli hydrogcHi 
carlion, oxygen, nitrogen, elilonne, iodine, and men iirv in at least W eases out of 
lull, and probably in all, results in the detaebmeiii of a single negative electron from 
a molecule or an atom. K. Rutherford and J, Uhadwick found that the long-range 
hvdrogen particles were furnished by fluorine, aluminium, jihosphorus, Iniron, ami 
aisiium ; hut the numbers from the last two elements wen* less thaA from the other^ 
thre^^ The following elements wiTt* bombarded, but very little if ?iny elTec.t was 
observed - lithium, berviliuin. carbon, oxygen, magnesiuin, silicon, sulphur, chlorine, 
potassium, calcium, titanium, munganesi*, iron, copjier, tin, ami gold. I hey 
added : • 

It is of interest to note that uo effect has Ih*cii ohserviHl in the pure eleinents t.e. Ihoae 
without isotojK-'S such os carbon, oxjgcn, and fluorine, ihe atomic mass of which is given 
by 4n, where n is a whole mimticr. The effect is, however. markc*d mrnany of t he cdcinents 
the mass of w Inch is given hv 4n 1 2, ot 4n ^ a Sm h a resull is to Iw anlioipali*d U atom* 
ot the 4« type are built up of stable helium nuclei, and those of the (4nH in)-tyis' of fioliuin 
amt hydrogen nuclei . . . No [lartic lea have* so far Iss-n observed for any elemont of maaa 
greater than 31. If this provi-s to Ik> general, <*ven for a-particles of gis'ator velocity than 
those of ra<liurn-(;, it may he an indication that the Htniclure of the atomic under- 

goes HOino marked change at this point , for example, in th<* liglib*r atoms, the hy ogen 
nuclei may be* satellite's of tin* mam body of the nucleus, while in the hc'avier atoms, le 
hydrogen nuclei may form part of the iiit-nml struct on- I’he iiuihh of a belium nucleus 
is less than that of the four hvdrogen nuclei from which it may b(* supjiosc**! to tx* loniuKi, 
hy an amount dm ^4 A 1 -0077-^ 0U2 U U20. This corresja.nds with a loss of energy dunutf 
the condensation of the hydrogen nuclei of 0 0201'*,, per gram atom of helium b»mH« 
velocity of light), Cons<nueiitly, it w umuH eKHary to KU)ipoH<' that helium nuclei 
pre-exist in iho nuclei of radioactive elements in order to account for tho kinetic energy 
possi>ased by a-partules, for part of the energy Ida ratcij during the lornmtion <jf holmin 
nuclei within the atom from pre-existing hvdrogen nuclei might he uliiixcsl in detaching 
the a-|>article8 so formed and uii|>arling to them their momentum. 

H. Elberteiiagen suggested that the uUiuis of a highly comiircssed monaUunio 
*gaa of high at. wt , — a «j inercur)' — might be shattered into their coiiipoiieiiUi by 
sparking between electrodes of the highest jKMisilile potential. It will be observed 
that in E. Rutherford’s case the disruption is really an mfcreiice, since tho producU 
have not been isolatetl tn the chemist’s meaning of that term. K. Rutherford » 
test is extremely sensitive, and the trouble with a test like that jirojiosed by 
II. Elberisbagen, would be to find if anything liml bappcnwl. 
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CHAPTKK XXVIl 

TUK AHClilTKVTVHK OF TilH ATOM 

§ 1. The Mutability o! the Elements ; and the Disintegration o! Atoms 

To inquire whether tlie mctHU l»e ciipuhh* iMMiiff Jteoinjto'‘tHl ami c(»iuj>useii ih a grand 
object uf true phihwuphv H IKW (ISll) 

We naiHt light against the Kopurilic intluencc of nliant (lefiniiionH Ks|M'<'iall> niUKt wo 
guanl against over allow mg them to Ktaml in the «a\ of an impnrv into fiwts A. SiimwirK. 

From the earheat traceable eostiue changes <fown to tln' latest teaiilla of «MVili/at ion, wo 
nhall find that the traiisfoiination uf the InmiegemHais into the liol^^rogeneoua la that in 
wliieh ptogreaa coiiHiata H. SfKM Eli 

In A. Grunwukl ^ delined cheiiiirul uUnim tta fuUoWH : 

A ('heiiueaJ atom m a complex of excts'dinglv maiiN inoNablc pnriiclca, which am 
t lastie, but HO intimately eonmn U'd together thot no chemical priwcna winch coniou under 
our consideration ih capable ol severing this union and breaking (he atoin into fragmenta. 
The parts of the atom are not coneei\e4l of as absohitidy immutable any more than ihi* atom 
ii-adf, but as capable within linite limitH of undergoing modilicatioiiM, which have definito 
rclalionM to tljeir mutual ^'actions 

Tills sUteiiiciit i.s ver) near wliai would he written t-o-ilay as an iiitrtKiuction to 
modern \ lew son the strut tiirc of the atom Near the elosi* of tin* nimdccnlh cciitury, 
(j. 1<* lion - su^'gesti’tl that liectjUcrcrK ruvs arc dm* to the emission of jiarticles 
wliit li alti'iids the liberation of I hurqu ttUra (liomuju* owing to la iltsHucialivnde la 
»\qtiht'. 'I’liis t\|>f of li\ jadln-Ms Is that gcm rully cinjdoycd at the jireseiit day. 
Manv objections were raistd at first It was haul that if atoms disengage heat 
111 tin* [iroct'HS of .self-dcstrm turn, llic\ an* I’lidotln rinn; and, by analogy, should 
l)t‘ excessively unstahlc ; on tie* eontiart, tin* abiins are the most stahh* things 
m the iinivcr.y*. Painl<*\e adtlcd that a loinbination which is so extraordinarily 
sUhlc, and yet so extraordmunlv cndotherniie, is something which eontradieta not 
only the prineijilc of the conservation of «*ncrgy, but tin* whole body of facts which 
up to recent times have bei'ii yientilicnlly estahlished A. liHutier, and A. Desjiaux 
argued in an analogous way. 

Near the b<*ginmng of the twentieth (entury, many hypotheses were suggested 
to exjilain the pln*nomenu associated with railioactivity : 

J iN’rnn * hkermd an atom to a miniHtiire planetar) ajHiem, and asKumed that atoww 
more dint ant from Ihu centn* might encape from tlm central attraction and prtsluee Uie plieno* 

* mena of radliuactivitv. H. Ite<’(pierel aHMunnsJ atoms to eoiiMist of positively and ni^at*vely^ 
chargetl particles moving in a system witli different veloi ities, and when projoctoil from tho 
system gave rise to railionctivity. 1\ Cum* at first regard^*! the emanation of radium as 
imrnan>rial, consisting of centres of energy Hfta/he<l to gas rnohsMifes. P, and M 8. Curio 
assumed each atom ai'Uxi as a constant wuireo of energy whn h was denvi^l from tho poten- 
tial energy of the atom, or tho atom might a<;t as a ims honism which instanfly nigained 
from the surrounding air the energy it had lost P Curio and A. Lalsjrdo asHumod tho 
heat en<*rgy might be derivisl from the bn-aking up of the raiiium atom, or from energy 
ahsorboil "by radium from some external source. J J Thomson suggest-od that that 
energy was derived from achoogo within the atom the eontroction of the atom, for inatanoo, 
would release a large store of energy. W. Crookes pomtisj out that if tho moving molociiJoa 
of tho air impinged on the moIecuh»s of the roilioaetive aubslancisi, and were releaaod with 
a lower veJoeity, the energy of raduotctive, sulaitancos could l>o derived from the atm. 
F. Re auggcHted a th«*ory in which the contraction of nefmlous matter formed atoms with 
the evolution of energy, and he likened an ordinary atom to extinct suns while the aUima 
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of rodioootive matter r«prM»onted a traiuitiona] »taga. Lord Kelvin tuggMted that the 
radioaotive matter absorbed unknown radiations from the surrounding air. Analogous 
•ti§ttastlotui were made hy 0, J, Lodge, A. Schuster, E. J. Mills, N. Hesehus, J. K. PuwhL 
■ndJ. W. Mfdlor H, E. Armstrong and T. M. Ix>wry indicate that radioactivity might 
be Ml exaggerated lonii of phosphorescence or luminescence with a slow rate of decay. 
R. Ifeldola suggested the Mikf. hypolhesia of rtulioactivity. In this, the radioactive elements 
are supposed to lie compoumls of helmiii with other elements hsUdfiS and these com* 
pounds are further supposed to be undergoing a gradual s^ntaneous decomposition into 
simpler substances. This hyiKithesis was soon abandomKi by K, Moldola J. M. del Cas- 
Ullo advocated a modified fonn of the same hypothesis, but it has reruved very little con- 
sideration. 

Attention has been mainly focustid ufmn an hypothesis, which* runs somewhat 
M follows : Ordinary atoms are small intricate systems of electrons, linked together 
by forces of tremendous power. The pro|»ertie8 of the different elementary atoms 
we determined by the numlier and configuration of the infra-atoinic electrons. 
Radioactivity is an atomic [iroperty, and it Is an effect of the instability of certain 
atomic systems. The disint<‘gration of tfio uiLstable atoms is marked by the emission 
of rays. The radioactive elements are therefore unstable, and are continually 
and spontaneously changing by numerous intermediate stages into more stable 
elements. This hypothesis is Hometimes called E. Rutherford and F Soddy’s theory 
Ol the dhdntegn&On the atoms, becaust* they estabiishi'd its claim to serious 
consideration, and have done valuable work with Us aid. Their hypothesis is now 
orthodox and fashionable. If this hypothe.sis should survive that struggle for 
eidstence whicli, all neoteric hypotheses must undergo, then radioactivity will be 
cited as proof ^f the desolation of the elements. Astro-M])e(*trul obs4>rvations leave 
little room for doubt that in the cooling stars a proi ess of evolution o! the elements 
is in progri'HS. This subject has been discim'd by ,1. 11 Vincent. 

It is further assumed that the radiouetive elements are not unujiie among the 
elements in containing abnormal stores of internal energy, but exeludmg potassium 
and [Kissibly rubidium the other elements are either immutable or el.se they are 
changing so slowly that no sigrw of mutatum have yet been deteeb-d. Aeeording to 
the atom disintegration hypothesis of radioactivity Natiin: is continually changing 
the elements with the larg^est at. wt. .siieh as uranium (2>W 5) ami t honum (2.'i2' I) 
into simpler elements. The latter, in turn, are .said to be .stai»lt‘ .simplv becaiis<‘*no 
signs of radioactivity have yet lieen detected It is possilde that if ever elements 
existed on earth with larger at. wt., and hv inference, with more complex atoms, 
they have all degraded into simpler form.s, and an* now probably extinct elements, 
hence, also, it might he inferred that the irulrhf di ffused dnufnl^s have snudl atomic 
weight. The gaps whieh appear in the jieriodie table ul.^o appear significant. The 
elements with the smallest at. wt.. and those which arc found in grcati'st abundance 
on the earth "hydrogen, helium, calcium, oxygen, sodium, silicon, eb'. are usually 
OOnsideriHl to l>e the must stable, and te contain least infra-atoniic energy. Hvtlrogen 
and helium, occurring in the hottest stars, are supposed te have a tendency bi form 
aggregates, and puss into common terrestrial elements during the cooling of the hot 
sta^. It Si'ems as if uranium and thorium must have been ex{)os<Hl to peculiar 
oonditionS'- possibly of press, and temp, whereby thi‘v were elaborated beyond 
^the limits of stability, and absorbi'd stores of energy which are now Indug slowly 
released because the conditions necessary for their stability no longer obtain. 

It might be asked why rtu* comparatively cous[)icuous stdf -destructive aijtivities 
of radium have not led to its extinction long ago 1 K. Uutherfonl estimated 
that the radium now on earth will be disintegrated and the whole virtually extinct 
in about 25,000 years. There can thus he little dmibt that if therx* hail not been 
a continuous source of 8U|>ply, radium would have been an extinct element long 
ago. The decay of the heaviest known element uranium is so extraordinarily 
alow that it can just be detected, and a rough estimate made of its life —^,000,000,000 
years— as indicated above. 

The mode of evolution of the elements hyjiothecated in the attempt to co- 
ordinate the results of the spectroscopic study of stars and nebulso, seems to be 
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supported hy s mass of cumulativv evidence, and to be inherently probable. It 
remains to find an adequate explanation to account for the vast stores of energy 
available in the hotter sUca. 

We can now see a possible explanation for the inse])arable companionship of 
many elements. The occurrence or distribution of the elements over the eiurth 
appears to be an effect of an important genetic law. The ap}»roximat<*ly uniform 
quantities of many of the rarer metals in different parts of the earth indicate 
that these elements are degra^latitm prxHliwts of more complex elements ; and that 
thev, in turn, will probably be degraded into simpler prtMliicts. The relative speeds 
of these slow changes det*‘rmine the amount of each element which can l>e nnmnt 
on the earth at any given tuue. This subject has bt‘cn discussid by W. D, Harkins, 

J. Waddell, etc. 

It may very properly be thought that a »wdirtiM» of fad i$ htrf eniangUd with 
an abnormal atnourU ofttjx'cttlaiion, especially wIm'u it w n*raembered that the expen* 
monts have been made upon very minute quantities of material. At first sight, 
it does ap{>car as if we have developed what A. Smithidls * humorously called 
“ a chemistry of phantoms. ” Thauks, however, to the extraoniinary delicacy of 
tiie electrometer and of the Mpectrosco|>t*, then* w no doubt about the facts, even 
though but extremely minute (|uantities of radium an* available for exjieriments. 
The argument converges on the assumption that radioaetivity is an atomic property* ; 
this hypothesis, in turn, is mainly hawd on the indifference of the sjH*ed of radio* 
active changes to ext<‘nial conditions of temj>., press , ete. It is therefore pertinent 
to Lmiuire into tin* validitv of the alternative hvj>othesi^, and ask : 

Are the radioactiye elements really elements, or ut they oomponndt 

helium ? ^Vs already hinteil, the dogma that rinlium is an element is 
not so lirmlv «*stahlislied that there are no reasonable grounds for the exercise of 
some Cartesnfn iloubt, for, said K W, Morlev, he is wum* whose assertions regard 
the possihditv of finding at some time evidence to the eontrary, K. Rutherford 
has said that "since in a large mimlsT of caws the transformation of the atoms 
IS ucw)mj)anie<l hy one or more charg(*<l atoms of helium, it is difficult to avoid 
the conclusion that the atoms of the nulioiMtive elements are built up, in part 
at of helium atoms. ' As an alternative to Hutherford's atom disintegration 
hypothi'sis, and as a iorollary to the inference that the molecules of the argon* 
helium family are reull\ |.olyatomic (1. 13, ‘.l). the helide hypothesis assumes that 
radioactive elements are n-ally eom|»)Unds of an m tive form of helium in the same 
sense that nitrogen chhnide inay be said to eoiitain llie atomic or active form of 
nitrogen. Ordinary ht*lium, like ordinary nitrogen, is charact+Tixed by great 
chemical inactivity. If this hypothesis lie valid, it must be su)>porUd by a formid- 
able list of imiuue hypotheses, for it must he iissumid further that (I) the alleged 
compound heMe w sjKmUneoiisly deeom}K»smg ; (2) abnormally large amounte 
(d energy are wt free during the decomposition ; (3) the emission of radiations 
act^ompaniea the change ; (4) the rt|K‘ed of the decom|>osition is not afferU'd hy any 
known external conditions ; and (fi) in opposition to a little circumsUntial evidence, 
that the helium molecule is a complex of atoms, and not monatomic, 

•adds H. E. Armstrong : the deconipositimi of ra<iium regarded as a e.omfiound , 
of atomic helium is no more remarkable than that of liquid oxone, or of nitrogen 
chloride ! II. E. Armstrong continues : • 

The atoms of helium and of tho allied inert are gifted with intense activity far 
beyond anything we know of, it may well be that when such atoms enter into combination, 
either with one another or with other elements, the amount of energy xot free is vei^ 
groat, and that when they combine with other materials, they may produce changes in 
prop^crtiM very different from and far more profound than those we know of at preamt. 

The plausibility of the helide argument turns on this ; Thu gn^at^r the amount 
of hypothetical energy a8sumi*d to be requir«*d to break down tbe hypothctiwl 
helide molecule into its supposed atoms, the greaU'r tbe appearance of probability 
of the argument that radioactive phenomena are chemical in kind. Queatbna 
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like thew have to be treated more by inatinct (or prejudice) than by logic ; and those 
who do the work must use what hypotheses they find most fruitful. 

Naturally, the student of chemistry may l)e somewhat disconcerted with this 
apparent attack on what ap[N;ar to be the essential principles of chemistry. At 
first sight, it does seem as if we must say “ good-bye to the ecjuations of chemistry, 
because, if the truth about the suspiM'ted disruption of atoms be truly vindicated, the 
fundamental eonce[)ta atom, element, persistence of weight, etc. must be revised 
in order to malo* them harmonize with the facts. The conception of an 6 l 61116 Ilty 
given in the first volume, has long held an honoured place in chemical text-books ; 
and, with this Udore, us, at first sight, it might a])pear illogical to'apply the term 
to a substaiK'e which can he re.solved into tw'o or more simpler forms of matter. 
Any substance, which can furnish two or more different elements may seem to have 
forfeited its place in the list of elements. Some try Ut evade the difficulty by assum- 
ing that there is an agreement among chemists to recognize a substance as an 
element which, under proper <'onditions,*exhibits a spectrum showing characteristic 
lines possessed by no other element, and poH 5 W‘s.st>s a definite (;ombining weight. 
Of course, we are at liberty to change our definitions, but, as W, I). Bancroft has 
said, the only advantage of the new definition is that it enaliles eheinists to say that 
they have decomposed an element. M. S ('urie stated detimb'ly that radium is not a 
compound of helium, but theonlyvvay she can make radium an element is by changing 
the old definition so that it shall not include radium The definition em})loyed in 
the first volurmj^ however, m elastic erumgh to cover euses of transmutation, for, 
if an rlenwnl nnUaimtuf hut one kirul if matter suffered an atomic caiaclysm, it miyhi 
furnish two or* mote different kinds of matter each oj lehieh would he. an clement 
hecause it would contain hut one kind of matter. K. Kajans sugg(‘st3 the definition : 
“ An element is a substariee which has not beon separated into simpler constituentHS 
and is not known te be a mi.Kture of other substances ’ Eaidi isdtope, on our 
standard definition of an element, is to be regarded as a definite element ; but if, 
as is done by K. I’aiietli, "an element is defined as a substance uhieh cannot be 
simplified bv unv I'liemical process." then isotopes would lie regarded as one and the 
same element, because theveaniu)t be separatrd ; and a sptM ific at wt ts not then a 
characteristic projterty ef an element K. I’anetli further addl'd that an element aan 
consist of similar atoms Reinelcmcnts, pure clrmcnts or of atoms dilTenng in weight 
or radioactivity, or both M i.'icficlemenls, mued elements. Some one lias suggested 
that the elements be called rliemteal primaries. We are always loath to multiply 
definitions, and would much rather condense a number of definitions into one. 
As already emphasized, the delimtion must not Is' taken to imply tliat the elements 

absolutely immutable, alt bough, so far as our jiresent knowledge goes, they 
are both immutable and primitive m chemieal reactions This subject has also 
been discussed by K. Weg.scheider, and J Harborovsky. 

However parado.xical it may seem, the hypothesis that the atom of an element 
IS a most intricate' bit of mechanism, a complc.x aggregate of parts liable to disruption, 
is now generally acoepteil. This, however, does not ailect the time-honoured 
definition of an atom llie atom still remains a veritable unit indivisible in chemical 

reaetjOBSt Had the facte. s]>eculations, and theories here di.seussed been treated 
at the beginning of the first volume, that would not have altered our mode of pre- 
senting the facts of material ohemistr)'. According to 'f. W. Richards, so far as 
ordinary chemieal reactions an’ concerned : 

Our relations with ohi'inionl elements primarily coiicenung us are unchanged by all 
the fascinating new knowUxlge. 'I’hese same ohl elements nmiain os permanent os ever 
Uiey were. . . . The atomic theory is indeetl even more convincing to-aay with regard to 
mundane chemical affairs than it \vas before the dawn of radioactivity. 

Suppose an atomic convulsion or cataclysm were to occur so that the complex 
system of electrons which is supposed to form an atom were to break up into simpler 
parts ; suppose further some of the electrons grouped themselves into helium, and 
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the others into some other sulwtanoe ; and let us also assmne, for a moment, that 
84)me electrons simultaneously eseajM* and are merjunl into the jether of sjuice! it ia 
then conceivable that there will bt* an appartmt loss of weight. CoiiM^iiuently, 
while the kiw of persistence of Wi'ight hokU ptnnl fnth chcitticol rcociwns in which l)ie 
atonut renutin intact, it is quiU* conceivable that an apparent loss in weight mufht 
niXUT (lurinir a radioacHvt* change. The e\idence, however, h m favour of the 
assumption that the law holds go<Ml in ra<lioactive changes The n*lati»>n of 
mass to energv is treated m 1. i:i. 1 If the products of the disintegration 
of the atom have mass, it might Ik* inferri‘il that the absolute mass still rt^maiua 
M>ii>tant. although, if radium lx* an element, the invanabihly of mass or weight can 
no longer be referred baek to tin* < oristancy of the ut<uu. This vi'^ionarv phenomenon 
has lK>eii described in order toem|)hasize the need f(*r can* m building rigid, non- 
jihi-stie conci’jita and definitions fnun negative results baseil on the unconf radictii'd 
e.vperieiiee of mankind 
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H 2. The Creation and Annihilation ot Matter 

Kvf'ii if «e resdlve all in«n«'r jrilo «uie kin<l. lh«t kiiel wdl junmI <.x|>liunnig And kk on 
ftfr<'\('r and />\er tlf'ejier an<l d>H.j.er iritf» ibe pit at uboM- Imttfiin Initli lii‘a, williout (>\er 
leiM’liun; il For the j/il IH IxittoiidfHH O Hka\i.sii*i 

rinnir.H u hu h are aeeii ut*re not mad/* «»( thin^K ahn h /lo a]i]>/-ar Sr J’ai j.. 

Fih/ r IN th/* [uir/'nf. «/f all ihin^'t* Hi'Hi.Titaif 00 n i ) 

• In nil (’hanics, the d<*tinition of matter i.n bas/ul upon N<*m twin’s first law of motion 
tlelawof in/Ttia- when* mat U-r is defined a8 fhaf which n*<juireH fhe exjiendAnre * 
ef an f.vternal fone to change its .8fat4* of motion Oyie.rwiw* exjireHW'd, inertia, 
or hi'lple.ssness, is a character i.stic of every form of mattx'r No material thing can 
of its/*lf change its own state of motion. b»r an external infliii-nee is re/piired b*?for« 
su/'h a change ran Uke place. If it he adinitt4 d that any entity which reQOirei 
the apidication of a force before it can change its state of motion is a form of matter, 

ill) electron in motion mu.st he a form of matter. Immsum* it requires the aj/plication 
of a f/iree to change its stat«* of motion. 

The inertia of matter. -Thi.s definition is also reverwfd, and force is 
to be that influence which is required to change the velocity of any material body, 

and It IS measured in terms of the dyne as unit. A dyne is that force which applied 
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Af s of one gram daring one second imparts to it a velocity of 1 cm. per 
aeo!, or which changes the velocity of the body 1 cm. per sec. wAen aotuig 
for 1 sec. Thc‘fle ideaa can lx* ex|>re»»etl iii another form. The inertia of a body 
is that pro[ierty of matter which rcaiats change of motion, and it is measured 
in terms of the force required to produce a change of 1 cm. per wc. in the 
velocity of the body. Accordingly, v'hen the aciion of a force on two bodies produces 
the same chanye of velocity per second, their inertia are said to be equal. 

Thn ***•— of xnattor.- A lx)dy falling from a height down to the earth’s surface 
---in vacuo so as not to Ix^ influenced by the resistance of the air— gains in velocity, 
say, g cm. jmt hw;. If the mass of the body be w, then the ferce pulling that 
body down will be measured by the j)roduct mg. This is the weight of a body ; 
hence the weight of a Ixxly is g times its mass. The weight w of a body measures 
the force by which it is attracted to the earth’s surface, whereas mass refers to the 
quantity of matter rn in a Ixxly, and is indiqiendent of gravitation or weight. 
Experiments have shown tliat all matt'rial bodies have the same numerical value 
for g, namely, 981 cms. per S4*c. when acting for 1 sec. (latitude 45°, and at 
sea-level). Accordingly, tc 981?/; ; or the, weight of 1 grm. of matter is 981 
dynes ; or the weight of a Ixxly is 981 times its ma.ss ; or the mass of a body isji^ 
or its weight under standard conditions. The masses t/f two bodies in the same 
place must therefore be proportional to their weights. If in the same, locality the 
action of gravity on two ImhIws produces the same change of veUtcity per second, thdr 
masses are said to Iw equal. This conclusion is in harmony with that deduced in the 
preceding paragrufih, and, accordingly, it ha.s been inferred that mass and inertia 
are identical ;'meaning that the definitions of inertia and of mass, in the nomenclature 
of mechunii^s, arc not mutually exidiisive. 

Electromagnetic mass*- When charges of electricity are set in motion, they act 
like electric eurreiits. and set up magm-tic fields which oppose the motion K. Lenz’s 
Ittw.i An electrically cliarged body exerts force all round itself, a greater force 
is requinnl to stop or accelerate an «*lectri<'ally charged ])articlc than when not 
charged. Otherwise expressed, the inertia of a particle, or its effeetivc mass, is 
greatiir when electrically < harged. Conseijuently, an electrijied particle jmsesses 
in virtue of its electrical charge, a supplementary inertia of electromagnetic origin. 
According to J. J. Thomson, the simple dynanne energy of a charged sphere is 

F*, where wq is the muss, and V the velocity , the supph'rnentary energy required 
for the magnetic field introduced by a charg4*d sphere of unit radius is where 

f denotes the elect rir charge. Adding dynamic and magnetic energies, it follows 
that the 

Total rnorgy = .\(mi j 

in which the bracketed term is tin* «*fTcctive mass, the energy of the combination ; 
the term jc* is the electric inertia or «‘lectromagnetic mass. 

Again, when two e]iarge<i sphen‘s are in rn})id motion with the same speed in 
the same direction, the forces which they cx«‘rt on one another are equal and opposite ; 
but in all other cases, the force which .1 exerts on H is not equal and opposite to that 
whi^h B exerts on A. It is thendore a.ssumed that A and B are in communicatioi. 
with another system, Uie lether, which is able to store momentum so that when the 
momentum of the system AB in altered, the momentum which has been lost by A 
and not nained by B has been stoR’d in the a*th(‘r. Only when A, B, and the sether 
are oonaidert>d as one system can the momentum be regarded as constant. Thus 
do the experiments of M. Faraday show that a certain jnroportion of electrical energy 
can he located outside matter. With M Faraday’s conception of tubes of force, 
endowed with inoinentuiu, the energy of a tube of force will btdong to the body 
from which tlu* tube originates ; and the electric inertia will be due to the grip of 
these tubes of force ou the sether. In this sense, as J. J. Thomson puts it, an 
dcctrifcd body is (uoociated uith an (ethereal or astral body which it has to carry with 
it as iif nmeSf and which inermsfs its apparent mass. 
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J. J. Xhooiaoii further showed thst when An electrified sphere is in rnpid motion, 
the lines of force have a tendency to set themselves at right angles to the dinn'tion 
in which they are moving ; they tend to leave the front wul n^ar, and to crowii 
into the middle. This increases the electrical poU'iitial energy ; hut the mass of 
the a*ther bound by the lines of fort'e is profiortional to the electrical potential 
energy; hence, the electrical mass of a charged sphere in motion will l>i* grt'ater 
than when the sphere is at rest. The difference is very small when the velm-ity 
of the charged b^y is small, but when the 8|j<H‘d approa<'hes that of a‘tlier wave 
motion, the lines of force b(*come equatorial, and the mass indefinitely large. 
\V. Kaufmann teftU'd these deductions with the fast-moving jS-purticlcs from railium. 
He measured the ratio of the electric charge e to the mass of its earner for speeds 
ranging from 2'3()XlO*® to cms. per sec. 8t*vcral relations between 

the ma.ss and speed of the moving particles have Is'en deduced by J. J. Thomson, 
<). Heaviside, G. F. C. kSt*arle, etc. — on the assumption that the moving electrode 
is either (a) rigid, or (6) contrai’tile. W. Kaufmann employed the one deiluecd by 
M .Abraham, for rigid electrons, vt:. 


m ^3 1/1-1 i3* 
mo 2^ 


log 


11^ 

1 


i) 


where m denotes the muss of the electronic particle moving with a vt'Kaity T; 

d»*notcs till' mass of the electron for slow sjiccils ; and ^ I /I ,*, where 1^ 
represents the velocity of light. W. Kaufmunirs results arc shown iA Table 1. 
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Herne, either the value of m iticmuirs or the charge c decreases with increasing 
veliK’itv, for the greater the velocity the smaller the numerical value of the ratio 
of the electric, charge t<i the miiss. The relation 

W/y 

deduced by H. A. Isirentz for an electron which contrwU'd in the direction of its 
tcanslatorv motion without changing its other dmieiisions, did not give such grmd 
results ; but, as M. Planck has emphasized, the experiments probably agree with 
Isith formulie within the limits of experimental error tfor the ^-rays employed. 
A. H. Bucherer assumed that an electron is spherical when at rest, but when in 
motion contracts in the direction of its translation, and expands laterally so as to 
lift'serve a constant volume ; he also tc8t4?d the constancy of the ratio e/m for 
the j3-rays, and found that the results agreed with the formula for the (xintractiie 
electron, but not with that for the rigid electron. 

W. Kaufmann assumed that the i harges on the particles remain constant and 
invariable, and accordingly, it follows that the electromagnetic mass of the electrons 
w not constant, but increases rapidly as the velocity is augmented. 1 he grcat4^>r 
the speed, the greater the mass ; he found that the electromagnetic mass of the 
VOL. IV. ** 
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more raj)idiy iiiovin^ particleH was as much a« three times that of the slower moving 
ones. On J. J. Thuiimon’s hypothesis, this means that the mass of these particles 
is due to the a ther {/ripped hy their lields of foree. Further, if any part of the mass 
of an electron is ordinary mechanical mass, it must be indefinitely small in com- 
parison with that W'hieh is of electrical orij'in, since the electrical inertia of a body 
di'pends upon its velocity and approaches infinity when the velocity of the body 
apjiroaches that of light, ft is therefore inferred that if the premises be granted, 
it follows that the velocity of light i.s the greati-st pos.sible \'(‘locity which a body 
can attain ; but no other valid reason has been given for the assertion. The 
variation in the electromagnetic inertia or mass of a body is the .saliie as if the elec- 
trical mas.s existed alone, and the dynamical ma.ss were virtually zero. Consequently, 
it has been inferred that (I) the electrons do not posse.ss a material mass in the 
ordinary sen.se of the word ; and (2) the electrons have no mass other than that 
which i.s derived from their motion and electrical charge. If the real mass of an 
atom I.s the sum of the positive and'negativc elei Irons, and the latter have no 
material mass, it might be inferred that the positive electrons or the mass of an atom 
would still remain a constant. H. A boreiitz, however, has shown that in all 
probability tlui mass of all partakes will be alTect4*d by their translational velocity 
to the same degrei* us the eh'ctromagm-tic ma.s.s of the electrons. 

If deiiote.s (he, rati* at whii h a black body rei eives energy , the foree ; 
and y (lu‘ vcloi'ity of light, J. C. Maxwi'll, L lloltzmann, and E. Ij. Nichols and 
G. F. Hull shywed that F V^^dFjJt), which is «'videnced as the so-called ])ress. 
of radiation, A body subji-et t4» the forc4* of radiation, F, will acquire moim>ntum, 

at tin* rate dMjdt F, and In'iice dEjdM \\, meaning that tlie rat«- of acipiired 
energy to the acijuin'd monu'ntum is equal t^) the velocity of light liy definition, 
momentum, M, is tin* prodint of ma.ss into velocity, or, dM- and sub- 

stituting for dM in dFJdM f'^, it follows that dm V~~.dK, (ir, since 1’.^^ is 
known to be .‘1 :<, l()>“cms. p**rs«‘<’ , diamjva o/ma^ss are itrojmriiomil locfuuKjt's o/nmnij/: 

dm 1 111 * lir^b/A’ 

A similar result is itbtainetl for the kinetic 4*nergy and mas.s of a moving body. Hence, 
a biHlij u'huh i.v rca ii tm/ or rniitlinff r<idimi( i Hfnjij tjmns or A^s'cs rnertjij ui i>To]}oi;hoti, 
and hi/ the amount 1 IllxlO"-* ijrms. for (vcri/ irij This result obtained by 
G. N. Lewis is the sann* as that pre\i(»usly obtained by A. Em, stein from the electro- 
magnetic theory, and the principle of n'lativity. With the ele< tromagnetic tln'ory 
alone, D F. Comstock obtaitn*d a similar n'siilt but invohing a I'onstant. If the 
mass of the bmly be a funi tion of tin* tiUal energv, any body will weigh more when 
hot than when <old ; mon* w}n*n larrying an eh'clric charge than when neutral; 
and more wdn'ii in motion than when at rest Granting these jiremises, GH,tK)C cals., 
or 2'81t\lU^‘ ergs of ein'rg\. are liberated m the formation of a mol of waU'r ; 
consequi'iitly, the change in mass which occurs in the formation of a mol of water 
is dm - d ltt XlU"** grms. This is .so small as to la* outside the range of exjieri- 
mental verification. These results do not mean that the law of conservation 
of energy has failed, it is only when restricted svstems an* considen'd that there 
an'^actual losses ; for the energy lilM*rat4*d b\ a ('hange of mass go«*s to iiuTcaso the 
energy and consequently also tin* mass of some other boilv. 

Again, it is assumed that electricity is a phenomenon of the lether, and that 
the atom is built entirely of electrons; conse(|in‘ntlv, as J. Larmor expressed it: 
atoms are forms of ad [unreal strain, or the luatenal atom is formed entirely of eether, 
and has no matt'nal substratum. Further, the electrons are supposed to Ik* minute 
electrified strains, squirts, vortices, swirls, eddies, or whirlpools in the wthcr. 
When U'ther is condensed into vortices it is siqqmsed to acquire a tension decreasing 
with the distance in all directions, and 4‘n*ating a mutual attraction between any two 
Bt'te of vortices, which is directly propmrtional to the product of both the amounts 
of energy needed for their contraction (mass), and inversely proportional to the 
squares of the distance between their centn's i.c, Newton's formula for gravita- 
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tion Thf int-aiigihl»\ imponderable, all-pervo^ling jether is supposed to be sus* 
(eptdde tt) the solieitatioiis of gravity, as matter, only when it is stirnnl into 
innumerable swirls, whieh an* held together by powerful e(>h<'sive fonvs. lienee, 
It IS Wild : (Fther us the nutfher of tnttUer : for in the jetln r 

Wmjit in nivjitio mu) 

’Du* aluiuli'nng iwstiUs of m-ation lie. 

Soiiie even elairu to have ereat4‘d material atoms from immaterial lether. but the 
elaiiiis are somewhat questionable The stages in the alleged genesis and destriU ' 
tioii of matter cai* thus be symbolized : 

Malenal liiituHteriAl 


.Matter rn ^ .Mobs ulen .XtoiiiN v-* Khs tnni.s .Ktlier. 

Jienmlenaluulion of niatU-r .Mul4Tmli/ation of aUlier 

When, therefore, it is assumed that mat<Tial electrons ha\e been n'SoKed into 
pnmitiNe lether by relieving the straias, or stilling the swirls, it is at the same time 
as.sumed that matter can be deprived of tosiiueal exiMenee. and traiismogrilied 
into Xirvaniau nothingness. With the annihilation of ponderable matter, the 
law of the coiLscrvution of matt«‘r disappears, and apparently the only constant 
in the universe is nothingness ! 

The argument turns on the nature of the eleitrons and of the a>th(T The 
a tlier IS assumed to be inimab*rial, or, as P\lhagoras (c. TSX) i< r ) ex'lm'ssed it, “ a 
u lestial HubstaiK c free from all perceptible matter, ” It must be reim^mbered that 
the iitiiereal jdeiium cannot be compansl with any known thing. It is nttiTly 
hevond the range of our scn,se perceptions, and a.H (j. le Hon Inw said, we an* related 
to the .ether muc h iis a man born deaf is relaU-d music, or a man born lilind is 
f lated to colour; uicordingly, no analogy cun make such men understand what 
lx a .sound or a eoloiir. In the words of T. A. Kdi.soii (1^1)2) : “ As fur tie* lether 
whith speculative scu-nee suppo.'H'S to e.xist, I know nothing about it.” 
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Mayndum, Oxford, 111. I.Sild; rhil May, (o), II. 2211, Issl ; (i F. (' Searle, uV, 44. ;i2!l, 
IsiiT , O. Heaviside, ih , 27. 211, ;i2ll. Isbtl , K L Nu lii.ln and (J. F. Hull, i'fnjfi J{(v., (1), 
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PhyA Ziit., 2. C02, 1901 ; 4. .*>4, 1002; (16U. Stuhr.. 143, 1001 ; 201, 1002 ; 00, 10fl3; Ai/itir. 
Ahtd. UerUn, 040, lOOo ; Ann, Phynk, (4), 19. 4»7, 1906; \ trh. dfui. phys., (k»., 9. 667, 1007 ; 
M. I'lanek, xh., 9. 301, 1907 ; H. A. Lorenfl, The Theory of hlcdrons, Leipug, 210, 1000 , (j le Ifuii, 
I'hr hfxdiition of MalUr, Umdon, 1007 ; ^V. W. (jcMalaiK-ed, Journ. Frankhn Irmt., 176. ;Ki 3, 1013 ; 
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(<>). 18. I, 1008; Joum. Amcr. Chitn. Soc., 30. 68.3, 1008; L. Zehnder, litr. diut. phyn. (he., 21- 
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, (4). 21, 161, 281, .3;j8, 1801 ; (4), 23. 12, H-u 1862 ; ,1 7'rra/nr^n EheUtrity and MagndtHm, 
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§ 3. Thomson's Corptucalar or Electronic Hypotbeni of Hatter 

I f wo Ui eunoufl to know what matter w, we plungo at once into that de«<p wlurh aiirrotinda 
iw on every aide, and which never y<‘t was fatnormsl by human mtolloct J. 1*. Uakiklu. 
Liability to error la the price wo have to |>ay fur forward movement. — A. liioow'icit. 

No difference other than vehx'ity of traii.slatory motion has been detected in 
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the properties of negative electrons when produced in many different ways, and 
from many different gaik*s ; and since the mass of a negative electron (corpuscle) 
is less than that of any known atom, the c<jrpuscle must be a constituent of many 
different substances ; and the atoms of these substances consequently must have 
something in common. This suggests the idea that the atoms of the chemical 
elements are built of sim})ler components, the electrons hav<* thus been regarded 
as the ultimati; sub-atoms or the VraUnnen of which matter is essentially composed. 
Since the electron is a constituent of atoms, J. J, Thomson ^ considers that “ it is 
natural to regard the electron as a constituent of the primordial .system.” 
J. J. Thonuon^f electronic theory o! matter is one of the unitary theories. It is 
basi^d on a suggestion made by J^>rd Kelvin, in a ])aper entitled Aepinus atomized, 
that a chemical atom coiwists of a sphere of uniform positive electrilication con- 
taining negative electrons of min h smaller dimensions embedded therein ; it 
assumes that each atom of any element ooniists ol a large number of electrons. 
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systems in stable equilibrium when the 
from 1 to [>8. The.so suflice to illustrate 


all electrified negatively, and held 
together by positive electricity equiva* 
lent in amount to the sum of the 
negative charges of all the electrons so 
as to produce an electrically neutral 
atom. J. J. Thomson also accepts 
the atom disintegration hypothesis of 
radioaetivitv, 

Th** ilistribution of a number of 
negativelv charged partich's in a 
sphere of uniform density has been 
investigated mathematically by J. J. 
Thomson Kiw i.s tlu* gn'ute.st niim- 
b«T of electrons which cun 1 m‘ in equili- 
Itrium 111 a siiiLde ring Rut if other 
electrons be plaet-d within th<^ ring, a 
larger mimber lan be maintained in 
eijuilibnum in one ring. Thus if ring 
containing .si.\ elei-trons Mould not 
alone be stable, but if a seventh 
electron be placed within the hexoidal 
unstable ring, the .system will become 
.stable. A greater number of electrons 
will arrange tliem.seives in a series of 
eoin’entric rings Table II illustraU's 
the number of eh'ctrons arranged in a 
series of concent nc, rings which give 
mber of electrons in tin' .system ranges 
e principle involved. 


,lho i.ltMi JV.M aomonsfmt«Ml by re,>e«t.„g an old evjHMi.nent due to A. .M. Mayef » 

r floMlm .SiuaJI uioforndv inagnetued russlles were 

n V^l‘ T" poles of all the 

ftoate<l above the stirfaee of the water whde the positi%e poles were »ubmcrpe<l. 


• • • 

• • • • 



• • 


• • 





• • 


Kia. I. .\fayor*8 Floating Magnets 


• • • 

• • • • • 
• • • • • 


willU magnetic jwlo is 8U«H'nd,Hl a little alwve the surface of th« 

water, ih<^ uoedlea arrange thems^dves like J. J. Thomson’s imagmarv' eonmsoiee. The 
dii^ram (tig. 1) ahowa that a group of thtnw newilcs arrange themselves in* water at the 
apices of a triangle ; a group of four netnlles, at the four corners of a stpiare or os a triangle 
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with at n«»die in tJw middle ; if another needle be thrown into the water, the five needlail 
take u|> poeitions at the comew of the {lenta^fon or aa a aquare with one in the centre ; if 
another owmIIo be thrown in. live nwvlhw form a r»ent4mon ae before, but Uie auth needle 
gocM to the centre of the pentaKon or a trianfile wiUi at the aptcea and imd pointa 

Id fonnetl ; if anoUier neetUe bo introduotsl, mix arrange thenuMdviw at the comera of a 
hexa^ou, and the reiiuwning needle U* the centre TlmH. a rin^r of mix needlea ia 
unstable if hollow, but it ia Mtablo when anotiier i* pIa<'<Ml imiide. Thu* la an imjMirtanl 
prmcipie in the fonuation of stable HVHteiuM of ntyatively char>;tM| ehx-trtina It m obvioua 
tlxat for ntabU etfmltbnum the ttructure mvutt be »tibstatu\ai ; a wUh a /oryf nutnber 

of eUrtronn on the otdutde, ami mnu trt/Ain, ird/ be unstable. H \V . \\ ood obtaunnl Knalo|;oua 
redultH A. i\ Crelioro MUHjM^ndtMi a numU*r of atwd halla of unifonu sire bv laeaiiM ol long 
thm wmv* 111 ca«tqr oil, and then chaiytyl the halln up to a hiKh poUmtial and allows 
them t<i take up tnoir etjuilibnum }MMitton. The diK|HMition of the ballt* agreiMi wiUi that 
Horke«l out by J. J. Thomson. 

There [& an important differenee between Mayer’s lloatini^ ma^jnets Tlmmson’i 
Hystems of eonoentnc ring's of » le< trims, and the eleetrons in a real atom, ia^eauac 
the two former are supposi'd to move in om** plane (as on the siirfai'e of tlie water), 
whereas the eleetrons of an atom are m motion possibly r«*volvin|; in orhita like 
planets or they may vibrate about stable positions. 

The architecture of the atom. - Atronlm^ to ls>rd Kelvin's liy|K)tbesis.» each 
atom is a nonarkable eonstidlation of electrons ranijed in a system of concentric 
rin^s all assembleil within a sphere of umform positive eiectnlieation. J. J. Thomson 
shov^ed that althou^di themaasof the negative electron him* ms to lx* about nV.oth 
of that of the hydrogen atom, it cannot Ih‘ assumed that the hydrogen at-om con* 
tains about 17<10 negative electrons, uiiIchs the mass of the jmsiliav eh'ctron 
Ignored. The surface of the imaginary sphen* may be regnnled a-jt the limiting 
surface of the atom. The electrons are further assumed to lx* in rapid orbital 
motion about tlie centre of the sphere Thev are siihjeet t^i the mutual n'pulsion 
of the negntivu •dectrons and the attraction of the total positive charge. Positive 
ele< fru ity never appears ajiart from matter, .so that if is always associated with the 
atom itself J II. Jeans, N. Hohr, (1. .A Schott, < te . have studied the cMnission 
of senes of ,s|M-etral line.s by atoms made up of 
rings of revolving electrons, H Naguoka assumed 
that tiu' positive charge is eoneentrab'd at a 
|>oinl in the centre of the abmi, and the charge 
IS nut then uniformly distriluited over the sphere 
As H. 1‘oineare expre.swd the ub'u : “ The neutral 
atijiii mav lx* (uinsid^’red b) lx; composed of an 
immovubl(! principal portion positively charge<l. 
round which move, like satcllib*a round a planet. 

M’veral negative ehxdrons of v(‘ry inferior mass. ’ 

Fig. 2 gives hut a crude notion of what is meant 
hy concentric rings of corpusi'les in raphl orbital 
motion alxiut a central positively charged sphen*. 

The atom has thus l>cen compared with the planet Katurn and ita rings tha 
Saturnian atom. This intricate mechanism is sujipoiM'd to represent the inner 
atructure of the chemist's atom. The abniis, m turn, are suppowxi to be dispose*! 
in the molecule in an analogous manner. (Vinscquently, the ndation of ‘the 
electrons to the whole molecule must Ik* somewhat comjilex. The ajipamnt hard- 
ne.as and imjMmetrahilitv of the atom, s*) wtdl einphasiacKl by Isaac Newton, now 
ap|M*ar8 to Ix* a kind of gyrost^tic equilibrium due to the rapidity of motion of th« 
component electrons. We arc told that a s*jft wax-candle fired from a gun cau be 
shot through a deal twarU, and that the six**^] of the jets of water in hydraulic 
mining in California was so great that a man couhl not strike an axe into the 
vsater which had just left the nozzle, it is ijuite possible therefore that an atom 
may appear to la? rigid owing to the rapid motion of the constituent electrons. 

' Hardness, " it i.s said, “ is merely softness in rapid motion. ' 

One reaaoQ lor postulating the Saturnian atom at a boais for investigation is rather 
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inUmmting. J. Platmu * apaa htth aphonia of oil in a mixture of alcohol and water so 
that they rotated while mapended in the liquid. During their rotation, the Jittle spheres 
/Uttenofi at their poles ana bul(<f<<l at their equators. When the speed of rotation of a 
sj)hero was enough, rmgs of oil were thrown off. The rings broke and coalesced to form 
little spherules which rotated on their own axes and rovolvetl round the parent sphero. 
This remarkable exisirunent has been useil for illustrating a possible mode of formation 
of a solar system like ours from a contrac'ting sjunning nebula. The Saturnian atom is 
oonsulensl to Imj the figure of iM^pjililmum of a mass of rotating elwtrons in a sphere of 
positive ele<.'trifl(:Rti<m. It is not difficult to umlerstand how the “ figure of equilibrium ” 
of a rotating fluid cannot be Mjihencal, for gravity is progressively neutralizoa in passing 
from the axes of rotation (the poles) towards the e<{UHtor, wh«‘ro tho mass is sjiocificcdly 
lighbtr. 'I’he fiwiter the sfun the more olilato the spheroid, and in the ^extreme case, with 
an increasing «j»e«'d of gyration, the spheroid must berorne either a flattened disc, or else, 
at some critical veUs ity, th<*re must he an mternijdion in the proeeas of flattening, and tho 
spheroid must alter fuii<lHinenlHlly in shape or break into pieees, 11, 1’oincar^, (i. H. Darwdn, 
and .1. If Jeans have mve.stigated the subjeet inatliematicaliy. 


K. Rutherford and II. Geiger^ found that when the a-pnrtieles from a radio- 
active Hiih.Mtanec (‘neountered thin gold-leaf, most of the partiele.s pass ilirough 
with only a slight deflection ; but every now and again, about one in t<(XX), one of 
tlu'se |)artiele.s recoiled towards its source. The idea is illustrated by Fig. 3, which 

repre.sonts diagrammatieally the 
hyperbolic paths of the a-particles 
in the vicinity of the jiositive 
nucleus. The phenomenon, known 
as f/tc scnlterinq of the a-particles, 
obeyed the same laws as the repul- 
sion of an electric charge in motion 
by one at rest. From the amount 
of scattering, it was<;oncluded that 
at some point in their paths these 
particle.s pass through a very in- 
tense electrostiitie held caused bv 
a [lositive charge, wlio.se magnitude 
is approximately one-half the at. 
wt of the metal through whieli the 
scattering occurs ; and that the 
a-piirticle upjiroaehes the repelling 
jKOsifive charge within a distance 
wliii'h is inlimtestimal as comjiared 
'Mth the radius of the atom. Tlie 
radiu.s of an atom is a|)proximateiy 

I 1 1 ’.I . ’i • • hydrogen 

tUK'lous BO (• owlv tiuit thfir (•.■nlr.-B u,to only r: x lirn cnis. apart. ()ihiT>vi.Bc 
..jcpixw,!. (1,0 «.par lo oB ponotralo.l within tl,o aton, of „old. Honoo, also, K 
1 athorfor. oom, halo, I that r*r ,, „„ „y,/,o mm of, he 

atom, ml /on. f.nrar rjr.e,lmfy mall in commmon wuh the 

bmnr diommon, of on ,,/om. It .a oBtimato.l that with hvdrop-on, tho .-harfie 
tho p,M.t,vo uuolouB KB l , Xl()-i»oloolrOBtatie anita; the niaea is 1(1 x ■ 
ami tho ra,l,„, Ox I'p* cm., ; „r. aa P. /«n,an ,,„ta it, the diamch-r of the 
electron i. ,;„„th part of the dianioter of an atom ; and in tho .olar .vatom, tho 
diarnotor of the earth ,a ,,„.J th of the di«met,.r of ita orbit round the aun. Henoo, 
If the earth r.'pma..nta an oleetron. an atom i,s a aphero having a ann aa eontro 
(poB,t.«. uncle, la , ainf a radms e.p to twice tho distance of tho earth from the aun, 
b. Ruthorfonf thm'foro, gave greater pieoision to tho vague entity of poaitivc 
.doetru^,j,f ,r. .t, Ihoraaona atom; he aaamood that the atom the ao-oallod 
Buuierfonl atom-oontaina (i) a mioloiis no farger than ems. in diameter 
and charged with positive elwtricity. (ii) A oluaior of negative cloetrona revolving 
about the central nuoleua in orbital motion, each about lU-i» eras, in diameter 



FlO, 3. - I'uths <»f a Slri'am of tt-pnrtie|,>vi in tbo 
Viemily of (be I’otutive NucIimh. 

It)"® ems., eonsequently. (he a- particle.' 
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(lii) An out<»r group containing but a few eK-rtrons rotating abtmt the inner group 
ami whirh are much leaa rigidly attached to the atom. To explain why the physiieal 
and chemical pro[a*rtiea of the atom do nut go hand in hand wjth X-ray and y ray 
phenomena, it ia further a&Kumed that (<i) the other grtmp of el<rtrons an* n'nponsihlo 
for the physn al and chemical prt>pertie8of the atom ?alenoy OT mobile electrons ; 
that {b) the inner grouj> determines the phenomena a.s.8<.>ciated with radioactivity, 
that (c) the positive nu('h*iis mainly determines the mass of the atom, while tlio 
mass(*8 of the groups of negative electrons are but a small fraction of the at. wt. ; 
that {(1) the positive charge is numerically ctpial to the sum of the negative 
tharg«> on all the electrons, so that the atom is cN'ctricailv neutral ; and that (e), 
relative to their size, the electrons are relatively aluuit a.s far fnuu eaeli «^therand 
fnuii (he niieieiis a.s the planets are distant frtuu one another and from the sun 
N. Ibdir was the first to repre.sent the mechanism of the iutra nt^muc luotuui ; 
he ajijdieii the (juaiitiiin tluMiry of radiation to Hiitherford’s imulel aUun to calculate 
the size of the atom, and explaiiU'd the st*ri«v of line** fouiul in the spectrum id some 
elements The various electroilynamic eomplnations which attend the motions 
(d tlie electrons were disreganlerl ui (lie first a|»pro\iMiation, and the purely electro- 
^tatlc attr.iction lH tvv»*cn tlie positne nu< Iciis ami the m'gative electron is con- 
sidered The motion of the electrons about the nucleus was treated as if tlie 
attractive forec.s followed the inverse sipiare law. and the mass of the nucleus was 
treab'd as iiidcfimtcly large iii comparison with that of the electron The develop- 
ment of (he theory <lcpends on two simple theon-ius in clcmcntarv ph\su's 


If a h<)<lv, say lui cbx’tron, <»f masH, vt, is inovui): uuifeniiiy <>n a Circular path of 
iHiluiM, r, with a \clo<’ity, T, wluli* iin<b-r the mlhieiice a <'f>ntriil ftto'e, tin* iiorttial 
('Kiiiponent of till* force, i c. (he cen(ri}»etal l<iree, F, h jiiveti hs the relation . 


anti the jHitenlnil enerjj\ of an elt-tUnui with a eliar^'e, r, at a tbstance, r, from a imeb'us of 
eharire, E, m 

Potential enery\ ' . . . . . (2) 

If the elfs'tron revolves in its orbit. <,» (iiih'h per ws'orul, 

r L'rrfer . . ... (H) 


aiitl if the foree nf attraelMiii. F'. Is-twei’ii nut letiH aii<l eleetron varn's 
’'<|uiin* of their iliNtant e, r, apart, then, as in the ):ia\ itatmii law : 


F' 


inveiMi'ly as the 


( 4 ) 


If the HVHtcm IS III et|Uilibrnim, 


F F’ , or 


and, from (2). (3), and (ri). 

I'otential ener;:\ f«(2rrfj^r)* . 

r 

I he kinetic enerj^y of the t'hs iron ik pal *. or. frmri 13) 

1 cF 

Kinetic ener;:v ff«t27r«»r)* 

2 r 


(•M 

(«) 

( 7 ) 


In a systarn constating of eb«ctri»ns ami a positive nueleu*. in whieh Ihe nueleua ta at roat, 
and tho electrona move in circular orhita with a vehxiiy Ktiiail in cornpanaon with that of 
litfht, the kinetic enero is numerically espial to half the potential eneriry fr/ 1, J3. 14). 
The work, IT, roqiiiriHl move the <-|eetron from ita orbit to a jKisiticjii of re^t at infinity 
is the differenee between the |>otential and kinetie eneryn-a of (ft) and (0). or p^’/r. 1*hi*re 
fore, the potential energy, H', of an epTtron in ita orbit ik 


where H' may have any value ranirmir from reisj infinity. 


. f8) 
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U in aMunuHl that the electron does not radiate any energy while it is smoothly revolving 
about the nucleus, for if energy were continuously dissipa^ by radiation, the loss would 
go on increasing so that the radius, r, would continually di'crease and the frequency, to, 
tnorease. (JtherwiMe expressed, the orbit would get smaller, and the motion would increase 
ontil dnaily the electron woidd fail into the nucleus. The spectrum emitted by such a 
system would thus change continuously N, Bohr, therefore, rntroductni an assumption 
to prevent this contimiouH change. He postulated that the steady states of motion are 
those, and only thow, for which the energy, W, changes hy an exact multiple of the univeraal 
constant, such that, i r. 

W Jn/ku (9) 

where n is a f>ositive integer. This conception, originally duo to J. W. Nicholson, is e<{uiva- 
lent to asHuining that energy is atomic, and changes only in muJtqiles of ; which may 
lie regarded as a unit, or an atom of en«*rgy. Another interpretation is that the angular 
rnornimtiim, '^nmojir* \nhln, so that m any molecular system consisting of positive nuclei 
and electrons in which the nuclei are at rest relative to each other, and the electrons move 
in circular orbits, with a velocity which is small in comparison with that of light, the 
angular momentutn of every eleetnin round the centre of its orlut will, for the permanent 
state of the syslero, be *'<jual to hl'in, wliete h is J’Janck’s constant. Other inteqiretations 
of this assuiiiption have been given From (h), ( 8 ), and (9), it follows that of all circular 
orbits only tleise are stationary whose radii are 




( 10 ) 


where n is I, 2, 3 ... Hmee the smallest of these quauta-radn is that for which n - 1 , 
inlroduciiig, in CO S. unilH, the valu«*s « t 47 , lo'®; #■//« lO”; or w OOxlO”*’ ; 

and A^OT) *, It) *’ ohtaine<l from other independtuit observations ; and putting, for 
hydrogen, K i-.^it follows that r w O tt 10 • ems , which is the right order of magnitude. 
It IS, however, an essential part of the theory that tliere cun be hydrogen atoms »* times 
this size, whenen Z, 3, 4, . . . Again, from' (H) and (JO), the value of the energy, W, is 


a*A* 


(H) 


For hydrogen, a I. and c A’; therefore, IP or 2()> lO’**; and for the 

ionizing potential, U /r 0 013, which correspond.^ to 13 volts .). J. Thomson gave 1 1 volts, 


So long UM the atotti is left to itself the electron will move in one of the orhita : 


.\y 


n'^h- 


without emitting any radiation ; hut if through .some e.\ti*rnal agent- say, (‘Xposuro 
to cathode ray.s the electron, hy .some unknown mechanism, is thrown from ita 
stationary orlut, /tj, into another orhit, n.,, at tin* same time, tlie energv' changes 
from VVj to U 2 ; •*'*>d with the shnnkagi' of orbits, the system suffers a loss of 
energy : 


«ir m’2 - 


•Jn-'Uic-A’-/ 1 1 \ 

/)“ «i‘‘^ 


( 12 ) 


The shrinkage is assumed to be attended hy the loss of the whole of the energy, 
whieh is radiated into spaee in the form of monoehromatic radiation of frequency, v. 
N. Hohr further assumes that the amount of this loss is just one quantum, c (ndc 
1 . 13, 15). Hence, 311'- hy, or, from (12) : 



(13) 


whore iV-;.2Tr-)ac2A‘//f*. As In'fon*, substituting, for hydrogen, the known values 
of the different terms, it follows that A’ 3 2«xl0‘®; this agrees closely with the 
obserwd value, 3’2lK) x 10*®. The frequency, i*, is the reciproc.al of the period of 
the omitted waves, and in e.tperimental work it is usual to quote the reciprocal A”* 
of the wave-length in vacuo. H denotes the velocity of light in vacuo, 
X-^^yjV^, and A~*=i=A'(»~'^~-m~-), where A"-=:iV/r^, the so-called Rydberg's 
conHant; putting ^-3x 10*® cma. per m*c., it follows that A"™1005xl0*, in 
close agreement with the observed value 101*, 675 all in C.G.S. units. 
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It in here •amimed that the m«M of the ouoleu«. Af, in ver>’ in eonijjarinon with m. 
Uie luaan of the electnm. If the ratio m M Ih» not iiegli^ihty nnuUl. m inunt be renliteea 
by fnM ( -1/ -J' »« ), and the value of Kydt>eiy’s couHtant m miuotHi by the fatMor M{M im). 
For hydrogen A x 1(19,675 agrees ver\' well with observation, for helium, (he eorreetad 
value .V'-**Y.V/(-V/ + »»). A. Fowler found that the hvdr<>g<<n Iiiiiin obnerytMi by him were 
not aceurately re|m««‘nted by fonmila (13). N Bohr, how ever. Mhowt'il that UiU objection 
does not apply if (he mass of the central nucleus Im‘ takim into at'count by making 
.VA/'(d/-bm). Ihia also agrees with (he ob.s(«rva(ions of K .1 Kvana The ratio 
I : 1836 very nearly. 

The neutral hydrogen atom is aasunn'd to havt‘ one »*lei:tron, Fig. I, ami hence 
A' e. If the atom ac<juirt‘a another 

eleitnin. as it (1 (h\s in the canal rays, it Nucku5 Llectron 

will Ik* negatively chargini, Kig. 5. The 

relative sues of the neutral anti nega* u { 

lively ( hargeii at-oms are illu.strated hv 
the liiagrams, Figs. 4 ami 5. • 

Fill 4 N’eulral li\drogon AU*in 

K Hiitherford projiosed t<» apply tht* {Diagmiiiinatie). 

term proton (o the hvdrogen rmelourtof nukis 

one, and unit positive eiiarge ; () .Masson sugji»<«ted ( he term fxinm O. .1 Ixidge hna stig* 
gcstiMl a mmil>er of terms but j.n*fern-d hylon , \ H ratti'rwon, hydt^m ; K. Hixiily aaid 
that the b*rm hydrwn in already in use for the posit ivcij charged hyilrogeii ion. A. II. 
t’ompton has also diseuHJM'd thi.H Kubjeei. 


Since the configuration with tlie neutral livdrogeii, Fig. 4. liiw a greater value for 
ir than tlie configuration with the negafiveK ciiargeif hydrogen atom, Fig. fi, it might 
1 m- anticijiateil tiuit a * 

livdroyn atom can umicr Electron Electron 

(crtnin conditioas ac- .. 


Nevalively ('hargcil Hydrogen Atom. 


•juire a negative charge , , 'y" + 'V 

hut Mince the energy of a 

hvdrogen atom with two 

negative charges is very ' 

small, a hydrogen atom Kio 5 Nevalively ( hnrgcil Hydrogen Atom, 

canuol he e.Xjiected t^o 

acijiiire two negative charges If the inlegral <onstiiiit, r\.,. in (7) he made uniiv, 
ami ;<! In* a.sMgned inli-oral values great^-r than n,, k«v. n 2, .‘1, 4, . . , a H<*riesof 
spectral lines is obtained Tln-se la* in the ultra violet Tins senes was not known 
when N Hohr puhlished his theory, hut has since In-en disiovered hv T. Lyman - 
Lytiuth's urnr.s If i\., lie a‘'Signed the value 2, ami W| he made .’J, 4, Ti, . . the 
well-known liahnrr's srrn'^ (1. 7, 7) is ohtained Jf p, he assigned the value 3, 
and Hi he made 4. o, ti, . . /When’s strun in the infra-red m ohUined. ifigher 


^(JUrd^ideC -f*- it/s/Uc ^ ^ UUrd red 



Fio. (}. The Sen«>M .Sjsjctra of liytlrogon. 


13 


values of «2 to<j far in the infra-n*d to Ik* ohwirved. Thes«* series are illus* 
trated diagrammatioally by Fig, 6. The Balmer wrii's has not k'en ohwrvTd in 
tin* laboratory beyond the line nj 12, hut in st4*llur «|K*<'tra, the si'ries has ixjen 
followed to ,‘k3. It is assumed that in vacuum tuhijs, there are no hydrogen 
atoms of greater diameter than that given by «j - 12, where the calculated radius 
f “0 8x10 • cms., whii h is equal to the mean distame in the mols. of the gaa at 
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about 7 mm. preHH. ; but for «i“33, the radius ia f=0‘6 xl0~® cms., and the 
pre«8, about 0*02 rnm. On this theory, therefore, there may be hydrogen atoms in 
the stars about a thousand times greakr than the size of the normal atom. 

The formation of a moleeule of hydrogen frojti two atoms of that element is 
considered by N, Rohr Tfu* nu<-lei of two such atoms repel one another. If the 
electrons of two adjaemt atoms are rotating in the same direction, two parallel 
currents of electricity are in proximity, and therefore attract one another, and arrive 
in the same plane. The molecule thus comsists of the electrons which revolve like 
the governor-balls of an engim* about an axi.s formed by the two nuclei. He calcu- 
lated the energy liberatod in th<* process of combination 2H- Ho to be 60 Cals, per 
mol, a result in substantial agre<>ment with the value 70 Cals, per mol, calculated by 
I. liangrnuir from the heat eomluef ion of an incandescent wire in hydrogen. The last- 
named lirst gave i;j^) Cals , but, after N. Rohr’s l alculation, he revised the calculation 
and reduced l.'W) to cals 

According to X Ihdir, tin* neutral helium atom ha.s two electrons revolving about 
the nucleus, Kig. 7, .so that the nm lear ( barge is A’ LV. When from ionization, or 
other cause, the atom loses one electron, the remaining po.sitively charged atom has 
one electron, with charge c .^A’, revolving about the nucleus. The spectral lines 
are accordingly represented by putting A’ 2c, and, from (Id), the frequency will be 
given by e 4JV(r/j nf). The .series with 1 and Ww 2 are too far in the 


£!<£<:/«/; fcleus [Uctron 

CEi' 

Fio. 7. N«'utraJ tl•'llllln \fom Kio. 8. -i’ositivi'Iy Charged Helium Atom. 


ultra-violet to be ob.s(>rved , but the .series i\.^ d can be dividt'd into two jiarts 
ae(’ording as wj is odd or (>ven ; and both .si'ries have bi'en ()bserv(‘d bv A. Fowler 
with moxtures of hydrogen and helium, when the hydrogen .si'eius to b<‘ numired to 
ionize the helium ,\t first the speetnim was attrihutisl to hydrogen, but they are 
now regard(‘d as laung produced by posit iv»‘lv eliarged helium atoms. Similarly, 
when w.j I, the spi'ctrum eonsi.sf.s of tuo parts, according as n is ev»‘n or odd. 
If even, a series analogons to J .1 Ralnier's .series is obtained, the so-ealled 
II. 11. Ptch'ntKf s scru\<i. The latter senes w.is ob.servi'd in 1,8‘)(> in the sja'cfruin of 
the star ^-I’uppis, and attrihuted to hydrogen. 

N. Rohr apjdied his theory to the lithium atom on the assumption that the atom 
has threi^ (di'etrons ; tlu' nuclear eharg** is A dc. This atom should give the spectral 
series v -), and in th«' .spe< ial ea.He fur '2, in addition to the lines 

eoinciding with J. J. Ralmer's series, 
•f. W. Nicholson observed a pair of 

series with n'f=(m±J)52, in the 

spectra of the Wolf-Rayet stars. 

/'• ^ _ N. Rohr s theory does not account 

/ . ' r ^ \ ordinary spectrum of hydro- 

^ helium. J. W. Nicholson has 

shown that coplanar, concentric rings 
of vibrating electrons are unstable 
'' ''' when electrostatic forces are alone 

Kio. 1. Nctral Ulhm,,, Mom If'f" I ^ but N. 

Rohr maintains that no such oscilla- 


tions occur in the plane of the orbit of 
the electrons, and the objection does not apply. J. W. Nicholson bases his calcula- 
tuins on an atom of the Rutherford type, but he does not ust' the quantum hypothesis. 
1 he energy which is rtujuired to prodinv the spectrum conies from outside, and is 
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not, in N. Bohr 8 theory, atomic energy. Two elements have bet'n recognised by 
their sjHrtra, but they have not yet been recognis**d on earth —ot>ro«iu»i occurs in 
the coronal 8|)ectruin of the sun; and tubuUum in the speitra of nebulie. He 
lalculat^^l the possible 8j>ectral lines of nebuliuin, and found that the theory did not 
ac count for two of the lines which had bt‘en recordctl for this element in the spectra 
of the nebuhe. M. Wolf later found that thes<> two lines in the .«pectruni of the ring 
nebula in Lyra had a diffenmt origin from the true nebuiium lines ; ,1. W. NiehoUm 
alj>o pH'dicted the existence of a new iiebulniin line not pn*viously noticed, which 
W ii Wright found on jthotographic jilates taken yt*ars previously, but whieh was 
so faint that it t*scaped notice. 

Working from an atom of the Hutherfonl type. .1 W. NichoUm (Ht|4) has 
t al('uhited spectral lines for vibrating electron.sin syNtems with an assumed utomic 
numlH'r le, iV, 3c, b*. .V, and tk’, and with the rt'spcctive at wt : 

Kl*’iin*nt . Trh ^ Nu l‘f An* 

At. number .Jr 2e Hf -t.) .V Ur 

At. wt ooh2 o:j 27 uTnu i ;j| 2J 2 u 

The lines Corresponding \\ ith Ic exist in the spectra of iiehuhe and have bei'ii aNSiimed 
to lielong t4) an unknown j)rimitive element called hydunjen, JVIi , the lines 
correhpoiKling witli LV an* pre.seiit in nehuhe ami m Nova IVrsei ; similarly fahit 
lines eorn*spomling with tho,s<* comjiuted for .V are found m mdiulie ; ic belongs to 
mhiiliuni, Nu , the linos for 5<’ have not be4‘n fouml in nebula*, but those in the solar 
Mtrona have lu'eri supposed to represent a non b-rrestrial pr(go-//fmrtMc, Pf ; the 
hne.s f(»r be e.Mst in the spectra of nebiil.e ami have been sujtposed to rojirew'iit an 
unknown element (ircmnutn, Arc lanes corresponding with 7c are also found in 
nebula*. 

According to F, A. Limlemann, N Bohr’s is but <me of a number of models 
which can le* <levi.sed to explain the structure of the at4mi from the stamlpoint of 
luechaiiKS The p»)ssili|e modeK may !><* grouped iis .static or dynaiuii*. In each 
cas(* a.ssumptions must be made to assure the stabilifv of the aUuu (’hemists prefer 
to considrr the vah'm y elcttnm.s as tixed on tin* .surfad* of the, atom m i-ertain 
detjnite jiositions , this coincules with numerous <d>servations sueh as the (‘xmL*nco 
of the a.symmetric carbon at4»m. the phenoim*na of stereochemical himlram‘<*, etc. 
If a statical moiled be assuim-d, with tie* vah*m \ electrons in clctimte jiositions in 
tli*‘ atoms, and a central ]»ostti\c nm huis, it is nec<*Hsarv t4) assuim* repiilMive forces 
in the atom wlm h ac t in o]>po.Hitic»n t<) tie* attractive forc«-.s b<*tween positive* and 
negative c harges Thus, J. J Thom.soii said that there is no nec-essity to assume 
that the- ob.s^Tved laws of eIt‘etro8tati< s pr«*\ail at very small distam c-s. lie* postu- 
latc'd that the forces acting on an «‘l‘*c tron m an ut4)m an* (i) u radial repulsive force 
\arving us the cube of the distance* from tie* e'cntre, and eiitTiise*d uniformly through 
the* whole at4)m , ami (ii) a racltal attractive force varMiig inversedc as the* scjuare* 
of the distance* from the ccuitre, ami eoufinecl t4) a limit<Ml nuiubcT of raelial tubes of 
force in the atom. Bv this im'ans In* is able t4» <*xj>lam the- relation be*twe*en the 
\e‘loc ity of emi.ssion of the ele*rtrons and the* im ie|c*nt fn*epiem y , and to e'X|*lain 
• Italmer's sene.s. W'. i’eddie also expl;um*d the variation in the prope*rt.ie*s of (jtoiim 
and mede'cules a.s dm* to .structural <-oneiitie»ns within the Ht4m], and to the pre*sence 
etf re'gioMs of attrae tive fore e alt4*rnatmg with regions of rttpulsive force* J. J. Thomson 
favecured a statical the-ory ; he saiel in respect f4> N Bohr’s theory : 

It s<*4'ms harcJJy likc*ly that much |trogrc-H« can l>o iiumJo m the c»f the ditbcult 

problems relating to chemical comlMnatioii by aNHigtiing in advance d«*tinit<t laws of force 
between th© positive and negative constituents of an atom, and then on tJia basis of those 
laws building up nuM'hanical nuxlels of the atom. Wc must first af all, from a study of 
e’hemical phenomena, learn tJie slnjctim* anel arrangement of the atomn, and if wo find it 
neecHsary to alter the law of force acting iK'twe-en chargefj {mrticlcio at small distanctsi, evwi 
to the extent of changing the sign of that for<*e. it will not Jh* the first time in tho histecry 
of science that an increase in the range of oJ^n'rvational mat4*rial has nvpjiriHl a rncslifica* 
tion of generalizations based iijKin a smaller fleltl of observations. Jndissi m the proaerit 
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OMO, entirety SHide from Any chemicAi roaeonR, a Mtudy of the mAtbemAtica theory of the 
eleotrone leadN, I txdiove, irrettistibiy to the conciuHion that Coulomb’s law of inverse squares 
must fail at small (iistanccs 

In the dynamical inodela, favoured by N. Bohr, J. W. Nicholson, etc., the 
chemical facts an; not so much emphasized, the repulsive force is replaced by acentri- 
fuj^al force, and it is assumed that the electrons in rotation do not radiate energy. 
The mathi'matjcal treatment is largely eoncerned in finding whether an assumed 
configuration of electrons and nueleus will be stable mechanically ; the chemical 
projierties appear to be of wrondary importance. The case for the ring electron 
has Immui summarized by }f. H Allen ; on the physical side it has been adapted to 
explain : (i) the loss of energy by radiation ; (ii) diamagnetism and paramagnetism ; 
(iii) the asymmetry of certain types of radiation ; (iv) tlu* absorption of X-rays by 
magnetic suKstanccs ; (v) the ionization of ga-Hi-s by X-rays ; (vi) thermoelectric 
effects; (vii) the radiation formula of M. 1‘lanck ; (viii) senes line.s on spectra; 
(ix) the Z«‘eman effect ; (x) the Stark effl-ct ; (xi) solar electron streams and aurorro ; 
(xii) cohesion ; etc. 

Th6 P6riodiO law. — Kver since J. B. A. Dumas (1801) wrote : 

Kvery cheitiical rompoutxl foriiis n eompl«>te whole Its chemical nature depends 
prirnarily on the arrau^ernt'nt aiul number of the constituent atoms, and to a loss degree 
on their chemical nature, 

it has been eonshlered a fundamental principh* in ehemistry that substances similarly 
oonstituteil hav(‘ similar projierties If stable aggregat<*s of electrons are similarly 
constituted, tlie properties of the reHiilting atoms, within certain limitations, will be 
similar even tbougli the at. wt. be dilTerent In W. Kossel’s modification of 
J. J. Thomson’s ring .sy.stem, the two- and eight-ring systems are assumed to be 
the most stahh', and while the outer ring of eletitrons determint's the valency of 
the atom, the inner stable rings debTmirie the elmracteristic jiropertiea of the 
element. I he first series in the perimlie table has an inner ring witli two electrons 
and an outer ring with from zero to seven eleetron.s, the addition of one more 
electron t^i the outer ring makes a stable ring from which no more electrons can 
escape : 

Fimt series , (2) (2)1 (2)2 (2):t (2)4 (2)r) (2)rt (2)7 

Hisjond senes . (2.S) (2.8)1 (2,8)2 (2.8):i (2,8)4 (2,8)5 (2,8)« (2,8)7 

Third sericfi . (2,8.8) (2.8.8)! (2, 8, 8)2 (2.8, 8).! (2.8, 8)4 (2,8, 8)5 (2,8, 8)H (2, 8,8)7 

Hence, when the elementM are arranged m the onler of increasing mass, there is a 
certain similarity in the grouping at certain intervals. Thus, the properties con- 
nected with a two-ring group can only recur at intervals ; similarly with more 
complete systems. Consequenly, we can divide tlu* various groups of electrons into 
families siudi that any one familv is derived from the ])receding members by the 
^ditiori of another ring of eight eleetron.s. This idea gives a rather definite concep- 
tion of the meaning of the periodic law. .V periodic laiv thus appears as a necessary 
consequence of the hypothesis that atoms are built of stable systems of concentric 
rings of electrons ; for obviou.sly, without specifying particular numbers, certain* 
rinijit of elecirt>m rn'ur in'rmiically tnth an increase inthe number of electrons which 
make up the atom, and atoms^with relati'd riiig.s must possess manv common properties 
in virtue of the similarity in the grouping of .some of the rings. Thus, J. J. Thomson 
has demonstrated that the .spectra of .such groups would be in many ways similar. 

It is even po.ssihle to see how elements with similar properties may fall into the 
“ wrong group in MendeleetT s table if classed solely by their at. wt. Starting 
from sodium in the periodic table, it follows that if the atoms of the elements are 
really aggrt'gatt's of electron-s. the sodium atom might collect more electrons until, 
say, two different stable systems capable of separaU‘ existence are formed. Thus, 
sodium might furnish two subgrtmps -jiotaaaium and copper. The properties of 
an element are suppostni to be determined by the structure of rings of electrons, 
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and differences in the properties of menilters of the subgroups is due to the diflereneet 
in the internal structure of the atoms although the atoms j>robably possess some 
rings in common. Each subgroup, by a further coiideusatiou of electrons, foniu 
the succeeding family members indicated in the vertical columns of the table. 
Con»*quently, it is quite true, in a general way. to say that the elements were evolved 
in the order of their at. wt.,, hut they must also have evolvetl in groups down tho 
vertical as well as along the horizontal lines of Mendcltn'll s table. Hence, as 
J. N. Lockyer observed, the elements do not always appear in the cooling stars 
in the order of their at. wt. In virtue of this multiple growth hjpothetit of A. 0. 
and A. K, Jessup, it is to be expected that in some cask's an elrment in any particular 
group iimv contain inon‘ or less electrons, and hence have a slightly gn'ater or less at. 
wt. than adjacent elements in the next succeetling group. 

^Vgain, since the nuclear charge of an atom of any element corn’s jH>nds to the 
po.sition of the element in the senes of im reasing at wt , and since the physical and 
chemical properties of an element depend ofi the magnitude of tins nuclear number ; 
and since anv given number of electrons may conceivably assume ditTerent stable 
contigurations, it is possible for two or more elements to have the same nuclear 
charge, and to occupy the same place in tlie jM*ruKlic table. Tlu‘S(^ are the isoto)M*s 
or iwjtopic elements of F. Soddy and co-workers 

The mechanism of multi-elcctronic ay.slem.s lues not b»*en followed so far as in 
the simjiie oa.s<‘ of hydrogen. It is, however, aasumeil that the el*‘ctrons are arranged 
in rings about the nucleus, but the number and orientation of the rings is unknown. 

In the absence of more definite information, tlie yjcriWic Uiw is tAkeii to indicate 
that the disposition of the eleetronn'. rings, with elements of low at. wt. arranged 
according to their atomic nuinlsT, is such that, with a pcruslicity of H, every Itth 
element is similar U) the tirst. Tins is illustraU'd in Table HI. Again, the valency 
of a wries of eight elements ri.si's from zero U* four, and thmi deereasi's back to zero. 
The valency of an element is taken to lx* tixed by the number of electrons in the 
outermost ring, and it is tliroiigh the agency of thesi* ele« tronH that one aUmi is 
coU[)led to another. With elements of low at wt , the nurnln'r of electroiw in the 
outerninst ring will lx* odd or even a<’cording as the total number of electrons in 
tilt atom is odd or even. Tins means that the valency of an ehmient of low at. wt. 

IS odd or even ai’cording as the at. numlH-r of the element in the jM;riodi(^ wrics is 
odd or even. The binding of the outer eieelrons in any horizontal ixTies will bocoins 
weaker with increasing electrons per atom. This 4«»rresponds with the obst'rvcd 
incn‘as«* in the, eIectro])Ositive charaetkT of an element for an increase of at. wt. in 
any grouj) of the jx^riodic system. At voIh. are usmilly deduced from measurements 
on molecules cn nuuse, and it is observed that the elements in the same column of 
the periodic system have approximately the same at. vol , while the volume changes 
from column to column and is greatest for columns corresponding with the smallest 
valency and smalle.st for cleiih’nts with a valency of 4. The numlx’r of electrons 
in an atom is taken to lx; fixed by the at. number of the element. Hoth A. van den , 
Bro<;k, and N. Bohr state that the at. numb<‘r is equal U> the numlxT of positive 
charges on the nucleus sm h that the po.*<itive clyirges an; numerically equal to Nf. 

* J. (’hiulwick found that when measured at any point between 3x10"^^ and,l(P^®^ 
cms. from the nucleus, the nuclear charge is equal to the at. nunilx;r ; and the law 
of forC/C i.H that of the inverse square. It is also mferrwd that there an* no electrons 
betw’een the nucleus and the ring A'-radiation electrons, F. Siinfoni <'a!culated 
the magnitude for the central positive charge of an atom from the etjuation for the 
orbital motion and the equation \MY‘^ -hv ; but the latter re(jinn‘S h repla<;ing by 
a function of mass, m. (J. Barkla r<*garded the charge on the nucleus to be 
where A is the at. wt. of the element. The first two electrori.s are taken to lx; arranged 
in a single ring ; and the next two electrons in another ring. A ring with four 
electrons will have a smaller value for the total energy than two rir^s with two 
electrons in each. It is assumed that a ring with four cj<*ctrons w'iJl not occur 
before boron, at. number 5, or carbon, at. number 6, on account of the observed ter- 
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or quadfi-valency of th««e elemeDts. The periodic system suggests that in neon, 
at. number Hi, a ring of eight electrons occurs ; and unless the at. number is greater 
than 13, the con/iguration with two rings each with four electrons will correspond 
to a smaller value for the total energy than a configuration of one ring with eight 
electrons. N. Bohr’s arrangement of the electrons in the atoms of elements of low 
at. wt. -from hydrogen to chromium — is shown in Table HI. The iron-group occurs 


Tablk III. N Hohk’m Aiira.n'<jkmi;.nt or Elkctron.s i.v thk Atoms of Elements 




OF Low 

Atomic Wkioht. 



Atomic 

number. 

KJoroent. 

lit ring. 

2iiil ring. 

Snl ring. 

4th ring. 

lith ling. 

I 

Ifyilrogeii . 

1 

-- 


- 


2 

ileliiiin 

2 

♦ 




3 

Eitliiiiin 

2 

1 

— 



4 

Herylliiirn . 

2 

2 

- 


»_ 

6 

Boron 

2 

3 




a 

( 'arliori 

2 

4 




7 

Nitrogen . 

4 

3 




8 

Oxyg.'n . 

4 

2 

2 

— 


9 

Kluorino . 

4 

4 

1 

-- 

— 

JO* 

j Noon 

H 

2 




11 

8o<liirtn 

H 

2 

1 




12 

Mug«ieHiuiu 

H 

2 

2 




13 

Aliiininitini 

M 

2 

3 


__ 

14 

Silicon 

H 

2 

4 




Ifi 

I'hoMphoni.s 

8 

4 

3 





in 

Sulplmr 

M 

4 

2 

2 




('hlorino . 

8 

4 

4 

1 j 

~ 

18 

Argon 

8 

8 

2 ' 



19 

I'ntuMiiiiu . 

8 

8 

2 

I i 


20 

(.'ah'iuia 

8 

8 

2 

2 1 



21 

Seiindiuiu 

8 

8 

2 ' 

3 i 


22 

'ritanium 

8 

8 ’ 

2 

4 


23 

V^anadiuin . 

8 

S 

4 

3 


24 

('hroniium . 

8 

8 

4 

2 

- 


at the end of the third period of eight **I<‘rnent.s IK-re tin* cleineuts of lu'ighbouring 
groups show similar < lh*mieal properties, indicating that the configurations of the 
electrons in the eleim'iits of tliLS gnmp diih'r only m tlu* arrangement of the inner 
electrons. After the iron group, the period i.s no longer 8 hut 18, suggesting that the 
elements of higher at. wt have a recurrent conliguration of 18 electrons in the inner- 
most ring. Such a ring would probably be un.stnble, and the electrons may be 
arranged in two parallel rings. The presence of the rare earth grouf) indieat^'S 
that an alteration of the innermost rings occurs. 

Itnlie case of multiVEldnt 6l6nieiltSy it is possible that electrons can move from 
'‘the outer to an inner ring, so that multi\al(‘iuy corresponds with a kind of iufra- 
atomie taiitomensm. Thns^^with utu\alent copper, the arrangement for the atoms 
would be 2, 8. 8. 10, 1, while with luvulent cofkper the arrangement mav be 2, 8, 8, 
9, 2. 

Lino SPOOfcnt. — If through some ageiiev like electronic bombardment, one or 
more electrons in the ring R of a neutral atom of, say, ealeiiim, Fig. 10, bi^ made to 
involve in the ring (’, the displaced electron w.mld not radiate while moving in the 
orbit C, but it would send out a radiation of a single definite wave-length in passing 
back from C to the stable orbit R If the disturbance causi' one or more electrons 
in orbit B to mvolve in orbit D, then as the elei troris dropped back either din>ctly 
to orbit R, or to orbit first and then to /f, the atoms in returning to the neutral 
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stat€ might emit a radiation of two or jHjasibly tlmn* definiu* aini deU'riuinaU!' waw- 
It'iigtha Atouia may thus <nnit a 1, 2, 3, . . . hm* sjHH'trum a('('ordiug to th© 
vioieiurt* uf tiu* sho< k to whu h thi'v an* hubjtt UHi. 

Single line spectra are altribuU*d to uta illatioUN j.rt»duicd by the rt*turn to their 
orbita of eltH-trons which have lH‘«n du»placed bv 
some external influence, J. C. McLiuman and J. 1*. . ' ' 

Henderson found that the vajours of cadmium . 
y.inc, and mercury emit single line spectni when 
travi-r.v'd by electrons pos6i*s.sing the projK r amount 
of energy. Sja-ctra with hues are obtained with vol- • 
tages 15 3, 11 ik'i, and 12 5 resjiectively , below the y” 
voltages there is a detinite range for ea<'h metal in 
wlnih the characteristic single line spectra alone \ 
can be exiited. In tin* simple case, the .’<mgle line 
sne<trum may be jtr»Klu(e(l by the returir of the 
elect roll, and in the casi' of spectra with mam lines, 
by tlie return of a complete ring of electrons to tlieir 
original positions about the central nucleus J, (' 

,M< Is-nnan also obtained similar results with mag- 
i)*Hium J C. MeL'mmn and J. P. Jlenderstm obtained the following jmleiitials 
in \oits representing (he work required to remove an electron from a neutral 
molecule : 
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/ ' '' 
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Mg 
4 1*5 


Zri 

4 04 


:t HI 


Ha 
2 24 


M 
I h:» 


Na 

2 II 


K 

i 01 


Hh 
I 60 


t'A 

J 30 


J I'ranck and fi Hertz ohtaine<l \ U volts for the ionizing jmteiitial of mercury, and 
\Mtli electrons of such a voltage, im*rcur\ vapour Hnils a single line spirtnim 
A 2537. 'i’liis amount of energy (orresponds verv m*arly with a ijuantuin of 
energy he, where e is the frecjiieiicy of the obser\«d speetrum line If c deiiotcH 
the « liarge in the electron, the relation between \olt.s, I', and fre(juencv e is Pc liv. 
'rile onler in the above table agrees with (In? known eleetrojtositive charactiTK of 
tie* (litTeretit (dements It aNo shows that sonn^ atoms have a greater allinity for 
I h< trolls than otiicrs , tin; atoms with the lowi'st (dectron aflitiity Indong to the 
(di iiii’nt>s ( haractcri/.ed as (d(‘etroposilive 

W Kos.s»d a.ssuine.s that tin* A'-radiatioii occur.s when an ele( troll jumps from iha 
third ring to take tin* jdace of one removed from tin* first or innermost ring, 
/. radiation ( orr(*.sj)ond.s with tin* removal of an ( leitnm from the second ring, and 
M radiation, with the removal of an ( l«( tron from tin* third ring. W. Kossel then 
infers (hut there an* as many lines in tln-si* high fre<juency sjx'ctra us then* arc nrigs 
in the atom , and the fre<jUenen*s of the difb-n-nt inn's an* related 


1 ',. - 1 '.. I'f : and i*. n. r. - v, -n„ 

A (I A(* hy hfi 4I/ a 

wln n* the snbwnjils n*fer to the lines in eaeh s**rn*s He sliowed that these rtdations 

arc satisfied by tin* (*lement.s ranging from cuh lum to zine. 1. Maimer also found 

the K^- and A'^'line.s of sunn* elements of higher i^t wt an* in accord with W, Ko»sel’fj 

tides. 


The abs<jq)tion spectrum of a gas can be readily interpreted on N. Bohr’s theory, 
for if in an inert gas the majority of the atoms an* in tl^* stak* n 1, and radiation 
jiasses through the gas in rompleb* (juunla, a (juanlum nan be abw^rlx'd only if it is 
a<iequate to move an electron from oin* orbit to another, or to set tin* el«*ctron freo 
altogether. Thus the absoqition sjK'Ctrum will consist of the series Wg- 1 kigether 
with a continuous absorption band running upwards from the head of this series, 
where mj- x. The range covered by this band w the range for whiidi the photo» 
electric effeet o<curs. and the presence of this absorption band is evidence of the 
occurrence of photoelectric action According to H. W. Wwxl, Ihe absorjition 
spectrum of godtum vajiour i.h of this tyj»e. Fifty lines wer»* ofiwrved in the absorption 
spectniin, and their jmsitiun agreed with those of the principal sodium series, and in 
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Addition, there waa a coatinuoua absorption band beginning at the head of this 
aeriea, and extending to the ultra-violet. 

According to N. Bohr, the hydrogen atomic system with a circular orbit has one 
degree of freedom, but A. Sommerfeld showed that more probably the atomic 
system has two degrees of freedom, and that the electrons may move in elliptical 
orbits of every ew-entricity m one place. A. Hommerfeld’s calculations also show 
that a single line in the spectrum dm's not correspond necessarily with the pa88ag(< 
from one possible state to another possible stat<‘, but rather from one group of 
{lossible states to another group of such states. He thus ext^mded N. Bohr’s theory 
to explain the fine structure of hydrogen and similar series lines, and the X-ray 
spectra. 8ume spectral lines, even in the ahwnee of magnetic or electric fields, 
are not strictly single, but have a number of satellites. It may be, that this separa- 
tion is due to H<jmo perturbation whi< h distorts the elliptical orbits making the 
energies of ellipsi's of different eccentricities not the same. A. Sonimerfeld says 
there is no perturbation ; he has shown that it has been assumed that the mass, 
»n, of the particles is independent of their velocity ; and in place of vi he substi- 
tutes H. G. lAirentz’s expression, m Wo(l - -p) ' supra— and obtained 

some results which agree wdth obst‘rvation. 

Thfl duhjt.Kjt has boon further discutwed by Af. SiogbiUm, I*. Khroiifost, L, FOppI, T. Kella, 
0. IlitiMbor^, F. Koifho, A. Hubiuowic/., H U Milnor, K. (Johreke, F. KirchhofT, H. T. Hirgo, 
T. Teradu, J. l.aiTuor, H. AJlon, (). (diwolson, E. Keniblo, L. V'^(>gard, AI. Brdlouin, 
H. I.,a<ioabui>t. A. Hmekal, J. Franck and F. Koiclie, J, Franck and W. (irotnan, J. Stark, 
E. 0. Hulburl. W. 11. VVoMtphal, A. SrarviwHi, H. T. Wolff, A. Land*'*, F. Debye, K (jlocker 
aod At, Kau|)|^ J. Kroo, F, \V'enz«*l, E. Koblwcil«'r, A. Herthoud, K. Fehrlo, J. Chadwick, 

R. LadenbufK, (i. A. Ik'liott, N. NonDtrOni, (J. Lawki, G. KirHch, F. J. Wisniewsky, 

W. D. Harkins, S. H. (' F. A. Honglein, A. E. La<M)niblt\ S. N. Husu, K. FOsU'rJing, 

H. Teudt, J. Murstiall, At, luid L. *lo Hro^lio, A. Kom, \V. Schotlky, J. Al. Burgers, W. Kossel, 
O. H. Darwin, A. C. ('ndiore, (), if. Lodg**, Ji. A. Wilson, W. Duune, W. HeisenberK, 

A. D. Fokker, Al. C Neiiburnor, H. S. Kuiy, Al A’amada, L Aleitni'r, Al. Brilluuin, 

W. M. Hleks, J (!. Atcls'unan luid 1*. Lowe. O Oldonlx rK, E. T. Whittaker, J. A. Ewinx, 
W. I’eddi*', K, A Houstoiin, .f Du«daux, .f S 'I’ownsi'nd and \’ .A Hail*'y, etc. L. Silber- 
stem applied tlio theory (o at«uiuc systoins eonlatniiiK a <'ornplex niicleu.s A. Sinokal 
diaeuMNtHl the action of th*> electronic rings in the atom; J*. Ehmfest and N, Bohr, the 
a^iectral liues of isotu|K>s 

W. D. Harkins and K. D. Wilson showed tlial the at. wt of the ch'inents with low at. 
wt,, begUuiing with heliuin, are not miiltn>les of lli*' at, wt. of hyiirogt'n by a wtiole number ; 
but the multiple diitors from a wliole number by a ue'urly constant percentage dilTerenciv- - 
average -0‘77 per *'ent. 'riieyeull tins the pwktng vjjtct, nn*l regard it us the percentage 
dwreasti of mass wht'ii hy«lrog*‘U atoms ar*' aggi**gat**d to form mon* eomj>|ex atom.s. They 
also develop*Hl a sehi'in*' of which the atoms of the el**m**ntH coulil be rogurd*'d as complexes 
of hydrogen or h»'lmm nuclei. 

NllU-yftldncy. --As just indicat«*d m W. Kossel’s ring system, moditied from 
that of J. J, Thomson, it is ussiimed that the two- and eight-ring systems are the most 
stable. Buch rings are not n*adily br«)ken down. Jf an electron escapes from 
such a system, the positively charged resnlue will attract surrounding electrons, so 
that one will imtn**iliately dart back to it, and reform the original system. Tho 
system so formed will bn,‘ak up us before, and the same cycle of changes would be 
repeated over and over again. Hence the system will not nmiain j^iertnaneutly 
charged ; directly it loses an electron another takes its place. Such an atom will 
be uuable Ui rt*tain a positive or negative charge permanently ; and it will not 
be able to cuter into che4iucal cominnution. Const'*] uently, it will Udiave like 
tho members of the groun of inert gases. 

B36otroii0gatl?e ana eleotiopositiye oharactenb—The majority of those 
working on the structure of tlie atom believe that the outer ring of the electrons 
determines the jieriodioity and valency of the atoms of the elements. C. A. Kraus 
argues as follows : The outer electrons arc held loosely and are able to move from 
atom to atom. These electroiw aro very wnsitivc to changes in condition, such as 
temp., press., the presence of other atoms, ek. So weak is tho bond connecting the 
electron to an atom, that more electronegative atoms may remove it from the 
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origiiuU atom in question. Thf Utm ike metai ha$ to its deetron^ 

the tnore eleeimposittiv it becomes, aftd ike more retuitly it in general rend ckemieoHjf, 
Ordirutrily, the positive and negative constituenta of a eonqtound are field together 
through the medium of the electron. Under eerUin conditions, however, the 
elertnwtHtic force acting between the metallic atom and ita electron becomea 
weakeneil to such an extent that the negative constituent ewajies, carrying tho 
electron with it. The same n'sult may Is* obtained at high temp, with the fmted 
salt or even with the solid conqKmnd. That is when wsiium and chlorine combine, 
the simIiuiu atom gives up an ehn-tron to the atom of chlorine, and the at^mis am 
thus held togethei by the electrostatic fonvs between the positively charged residua 
of the sodium atom and the negatively chargt*<l atom of chlorine. In a soln of high 
dielectric constant such as water. thes<‘ electrostatic fome.s an* weakeneil t4) such 
an e.vtent that iooisfttioil o<'curs resulting in the formation of Na' and (T ions. 
Naturally the properties of thos<* ions am radically different from those of metallio 
Na and gasi'oim CU «« we know them. (Vmsider the propertie.s of the systems with a 
L* electron ring on the inside, suppowsl. in W. K<»sHel s sN stem. to be 

LI iw* n r .N o r 

( 2)1 ( 2)2 ( 2)3 ( 2)4 ( 2)3 ( 2 ) 1 ) ( 2)7 

When the first member with three electrons is subjected to a small disturbance, 
an «‘lectron is detached from the outer ring When oik* ele< troii is lost, the n<sidue 
has a jsisitive charge, ami behaves like a po-^itivelN chargi'tl i<»n, that is like an «‘lectrO' 
positive or basic element. The .system with four electrons is mom fj,Uble than the 
one with three, and it wjII not be so reailily broken as the jireceding.^ This means 
that this svst^'in will not be s<t basic as the jireceding Similarly the system wdth 
five elei trons Will ))«■ less luusie than the one with f(*ur : and six will be less basic 
again than tive. In (he si.x-elec troii .system (he .stability is so great that them is 
little danger <d losing electrons from the outer ring, and an electron could lie on the 
surface of the sy.stem without bn-aking a ring In that casi*, the system W'oiild 
receive a negative charge ami beha\e like an elect riinegative or acidic el(*ment. 

lieiKe, the electronegative elements may be regarded as possessing neutral 
atoms with a tendency to absorb negative electrons from without, and 
electropositive elements are regarded as neutral atoms with a tendency to 
part with negative electrons. The clc< tronegative oharact^T increases with 
im rca.smg at wf until th** system with nine electrons i.s reached. This ( orresponda 
with tin* fact that in Mcndeleeffs li.-t of elements the electronegative property is 
practically zero at the end with tin* alkali metals, and gradually becomes more 
marked with increasing at w( until, at the halogen end, it nttHins its maximum 
value. The system with ten ehs Irons res<'mbles the one with three in respect to 
stabiJitv, etc , aiul the system with eleven res**mb!es tin* one with four, and so on. 

The sv.st^*m of tlirei* electrons will be most eh'<-trop«witlve of tlie series, with two 
electron.H in the inner ring It can losi* but om* electron becaiisi*, if it lost two, the 
re.sidue with one electron wcmld imMie<liateiy attrac t an ele< Iron. Hence, (lie three- 
electron system ('an lose one electron and form a Hvs(/«*m carrying unit charge of 
[Misitive electricity. This means that such a system is univalent. The four-electron 
.A steni would not Ik* so ready to part with electrons as the thr<*e electron system, e 

but It could afford to lose two ehstnms since it is not reduced to tin* unstable 
one-electron group until it ha.s lost three elc«'trons. Th* grout) with four-electrons 
miLst therefore l>e bivalent. Agaiast this, liowever, it must lx? rernernlM*r('d that 
po.sitivc ray analysis shows that then* is no relation between the number of electrons 
an atom can lose and the vah-ncy of tin* element; thus the inert gas helium readily 
loses two *‘lectron.s ; the argon atom < an (’arrx* one. two, or three positiv)* charges ; 
krypton, four , etc 

Chemical oomldiuitioil. Supj)Ose that we have fill atom of the type (2,8)1, 
and one of the type (2,g)7 ; the former would be illustrated by an atom of socliura, 
and the latter by an atom of chlorine : the former ran lose one negative electron, 
and the latter can gain one, but not more than one. The electrons which escape 
VOL, rv. N 
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from th(i wxJiuiii atom can find a hoirw* on the chlorine atom, and if an eq. number of 
both be present, ea<di of the sodium atoms will acquire a positive charge, and each 
of the chlorine atoms a nejrative char^'e. The ojipositely electrified atoms will 
attract one another, and form a compound NaCl. When electropositive and 
elcctrone^'ativo atorm are brou^'ht into proximity', the former loses and the latter 
gains an electron, as a result, the former acquires a positive and the latter a negative 
charge; and the force of chemical affiiuty is the attraction exerted by the 
electropositive atom for the electron it has lost to the electronegative atom. 

Similarly, if eq. quantities of utoiim of the type (2,H)2 and {2,M)7 were to be mixed 
together, un<i this would be illirstrated by magnesium and clilorim* atoms, the atoms 
of magiicsiuiri would each lom* two negative charges, and each of the chlorine atoms 
would gain om* negative charge Thus a neutral system would be formed by the 
combination of two (hlorine atoms with one magnesium atom, and Mgt'L would 
result. Hence, says .1 ,1. Thomson, from this point of view a univalent electro- 
positive atom IS one which can lose, om^and only one electron to form a stable svstom 
under (‘onditioris which prevail when cheniicai combination is taking place. Simi- 
larly, mntatu mulamltH, with umvahuit electronegative utom.‘<, bivalent atoms, etc. 

Tims, the afflnity of an atom depends upon the ease with which an electron 
can woApe from or be received by the atom. This may lie mHuenced by the 
eonditinrw prevailing at the time chemical combination is taking place. If the 
atoms be diflii.sed in a good conducting medium it would be easier for a liberated 
electron to resist being ptilleil back to the original atom than if tlic atoms were 
diiltiscd in a bon-eondiieting medium. Ileiiee, the v'aleui v of an atom may be 
inllueiieed by the physical l•ondltlons under wliieh it is placed The ability of 

an atom to enter into chemical combination depends upon its power of 
aCQUiring a charge of electricity. Thus cheitueal aflinity is elcetneal affinity, 
or, as II, 1 )avy expre.s.s<*d it in |M| 0 , elrctrieal and clicmirai attractions are produced 
by th(’ same cause acting in erne ea.sr on parfich's, and in the other on mas.ses ” 

Abegg’s normal and contra-valencies. We haw just .se.*ti that the {2,H)1- 

system <an uc(|iiire one and only one positive eharg.' by the l(»,ss of one negative 
electron; but it is conceivable that additional negative electrons ((Uild be forced 
into the system so that the total miinber of ele< trims increase to (2,8)2, 

(2,8)4, . . . (2,8)7 ; and at the same time the .s\ .stems would become moie ami 
more stable If an additional electron were forced into the (2.8)7-.s\stem. a svsiem 
with (2,8)8 electrons would be formed. ( on.sequentiv, (2..S17 is the greatest number 
of negative electrons wliieli vve can hope to force into flic (2,M) .sv.stem to furnish a 
stable system with an •*leef ronegative valency of 7 the electropositive valern v of 
the (2,8)1 -.system is one. Simdarlv. fnu((in(li.\ with the other sv sterns, 

and the properties of the systems eontuining (2,8)1 to (2,8)7 e|ei fnmseun be tabulated 
as follows : 

Number of elwt runs . (2.S) (2,S)I (2.8)2 (2.8)3 (2.8)1 (2.8)r» (2,S)t; (2.8)7 (2,8)8 


Valency 

» 1 0 II 12 

1 .3 

f 4 

3 2 

’ ) 8 7 ll 

r. 

4 

( r, 1 8 t- 


KU'eUoptwlUvc. 



F.ti>ctron(<|iAUve 


Thil, .sequence of properties imitate.s that olwerved with the eleiuenKs : 


He. I.i. lie. H, V. N. O. F. Ne 
N'e. Nh. Mg. Al. Si. 1\ S. Cl. A 

The first and last members of the aeries only art' null-valent , the second .si't i.s 
univalent eleetrojiositiw. and the last but one univalent electronegative ; the third 
is bivalent electropositive, and the last but two bivalent eleetrouogutive, etc. 

This rt'i’alls an ob.servation of D. I. Mendeli''elT to the etfei t that the .sum of the 
maximum owp'n and hydrogen valencies of the elements in certain group.s of the 
jieriodie serie.s is equal to 8 ; v.q., 

I'H, SH, (IH 
SiOf i’,0, SO, (3,0, 
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In ignorance of the number of electrons in sucoeasive rings, it is inferred that the 
number of mobile electrons in the outer ring cannot exceed eight, and this rt'presenta 
the greatest charge which has yet Wn obs«'rved, the minimum is ri»ro. It is further 
assumed that there is a tendency for tlies»* ele<‘trons in every atom to assume either 
the maximum or the minimum value. Thus, if an atom has live nudule I'lectrons, 
It can either losi^ all live and acquiri' a positive valency of five, or it can attract 
tho'c more electrons from without, make its complement n]> to eight, and thus 
acqiiio' a negative valency of three Which of these two possible I’fTects will take 
place, will depend upon the iiatim* of the neighhouring atom Thus, if a phosphorus 
atom Iw surrounded bv hydrogen atoms, under the right conditions of temj>., 
etc,, its beliaviour would correspond with its gaming three t'lccfrons, Is'cmning 
electronegative, and forming PH, with a maximum valency of three ; on the other 
hand, if it be ill contact with a strongly electronegative elnnent lik<* ehlonne, it 
.i{)|)cars t^) los*' live electrons. iHM'ome eleetropositiv»'. ami to form PCI-, or Pt’l^ 
witli a niaximuni valency of five Variabk' Talenev hen' nieels a rational interpre- 
fation, for the whole of the available ele< trons need n»)t be always removed tog«‘tlier. 
The work done in renioMtig a second electron must be great4‘r than is involvt'd in 
n'lnovnig the first. So with phos[diorus. the f(*ree exerted hy tin' electronegative 
( filoritie atom mav sufliee to drag three eleefrons from the phosphorus atom, hut 
onlv when the conditions are favourabh' is it j>ovsihle l<» drag off anothi’r two. 'Fins 
does noti'Xplain tlie raritv of inf*Tme«liate valeneies betwa'eii tliret' ami five. 

P. \on Weimarn assuim il that all atoms hav«‘ a niimnuiiii vah'iiey of six 
Prom pun'lv eheiim al eoiisideratnms K Abegg and <-«)-work»Ts W4*re*led to assume 
that every element ]»osses<(s a maximuin v.il^un'v of S imnh* up oPjtosifive and 
negative eoiiipoiients according as the I'lemeiit is juMiiig a.s an 4*l«M;jrop<iKif ive or 
elect roiiegative < ohst it iieiit of a e<»mpouml Tin* two Nah'iH'ies «>f ojtpoHite ]K)hirity 

are c alled nomial valencies and contra-valencies. Tin' normal valemn's an' 
Mipjio.sed to he tile* stronger, aiid correspond with fin* nsnally accepted maximum 
\a|eiK'n‘H (»f the c-lc‘mc*iits In the* c-asc* of the imt.ils tin* m>rmal valencies an* 
positive* ami the contra valemn-s m*gativc* ; while in tin* case* of the mm metals, thfi 
normal valc'tn n-s are m*gati\c- and tin* contra \alc*iieie.s jaisitive. Thus : 

* Nil M« Al SI 1* H (I 

.Nciniiul \alejicic-H . • I -2 t It c 4 .'t 2 I 

Contrfi valcncic rt 7 a •'» 4 • r» I f> i 7 

Thus, ehlonm* is univalent in IKJl w In-n* it is eomhim*d w ith 4*|c*elrcjpo,Hilivc* hvdrogc*n ; 
hut it has Its maximum hc*ptavalc*m v wln'ii united with elc‘etrom*gatiV(* o.wgen 
111 ehlonm* hc*ptoxidc* A \Vc rm*r has also shown liow cT-im'iits have* a dilTc*n*nt 
\alc‘m v according as tliev are united with electropositive tir c'lectroiiegative c*lc‘men1.s. 
The relative stn'iigths of the* two kinds of valem v clc*p«*nd upon (In* nature of tin* 
assiK iiit^*cl at4>ms The alkali inefals are so stronglv c-lecf ro)iosilivc* that thc*v show 
little if anv sign of an electronegative valem \ , and fluorim* appc*ars t4» he* kio 
‘‘trongiv eic'ctrom-gativc* tx) show a positive* vah-my, for it forms no (cmipoiind 
witli o.xvgc'n. When the conditions an* such that tin* lat-cmt contra- val<‘m n*.s heeome 
operative*, complex compounds may he fonimd ^ 

Tin* fact that in a given family the elements with the grc*.itx-.st at vol an* usually 
mcist electropositive and h'ast eh*etronegative, is taken lo^in'an that when two atoms 
(‘f dilTerent sizes are in contact, the attraction of tin* smalh'r atom for the elec Irons 
in the larger atom is greater than the attraction of the larg<*r atom for the electrons 
in the smaller, so that the resultant forex? will drag ele<',trons from the larger to 
the* .smaller atom. Again, since the at vol. increase's with the at wt., the elc»ctro- 
po.Mtive character of the elements in a given family increas/’s with the at wt 

Radioactivity. - Aeeonhng to J. J. Thomson s hypothesis, atoms an* built of 
systems of rotating rings of electrons. The configuration of a system of rotating 
rings of electrons i.s dependent not only upon the number, but also upon the energy 
of the 8|)ecd of rotation of the rings. Four electrons, for instance, may arrange 
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ibem/ielveK at the cornf^n of a square or a tetrahedron. If a four-square system of 
ekctrom /j#* rotatinf^ faater than a rertain critical value, they will be stable ; but if 
their velocity falln below the critical valu<*, the arrangement will become unstable, 
and the electrons will Kudd^mly arrange themselves in the form of a tetrahedron. 
Similarly, if a M|nnfiing top la* rotating faster than its critical value, it will remain 
stable in a v«*rtic.al jKJsition, but if the speed of rotation falls below this value, the 
top bec<mi<‘M unstable, and falls down ; in doing so, it gives up a considerable amount 
of energy. T1 m*m 4* a/ialogies can be extended to complex groups of electrons, say 
an uU>m of uraruum. Owing to the radiation of energy, the kinetic energy of the 
electrons is gradually reduced, and the velocity of the spinning* rings of electrons 
can be assumed to be slowly diminishing. When the velocity approaches the critical 
value, the configuration of the systein may be inixlified, and this is accompanied 
by an incream* in the rate at which kinetic energy is lost by the radiation. When 
the velocity rcaidicH the critical value, the configuration becomes unstable, an 
Atomic OAtaolyim, /tr an atomic expkision occurs, and a number of electrons are 
detached from the original aHseniblage. In othi*!* words, the atom disintegrates 
and a part of the atom is shot off to form two or more groups of electrons. This 
also corresponds with the emission of n-particles and emanation from radium. 
Ah (1 H Darwin **xpre.ss4Ml it, the laws of electricity in motion prove that a coin- 
riiiinity of •«lcctrons. as pictured hy J. Thomson, must be radiating or losing 
energv, and therefore the time must come when it will he run down as a clock does. 
The aggregate will th.*n s[)ontaneously ehange into another systimi (or element) 
which needs ll-ss .'iiergv than was reipiired in the former stak. If the atoms of 
the emanatufld arc built of electrons of tlie same type as tlie original atom, the process 
may be repeated \v ith the sub-atoms, and so produce a scries of degradation products 
with a long or a short life. This shows that with atoms of a special kind r.q. high 
at. wt the gradual rciluction of the kinetic energy of the electronic motion might 
jiroduce instaluiitv within the atom The rate of decrease of the kinetic energy 
may take thoiisamls of years before it reaches its criti(>al value, or it mav t^ike plaiie 
in a very short time. The atoms of the .s<<veral elements thus represent different 
aj^regate.s of electrons which have j.roved hy their stability to be suci'essfiil m the 
a^truggle of the elements for a separate existence ; just as Hcracleitus and Empe.tocles 
both argued that forms unsuitcd to their conditions must perish, while forms suited 
to their conditions an- maintained 


A DetUi'rne e.xpreH.s,..H tins another wav The fact that radioactive elmnenta 
emit ...th «n,l muv !«■ (akn, to ahow that the nueleua itaelf 

must Im> a complex aggregate <»f positively and m‘gativelv ( harged particles. AiTord- 
lug to the disintegration theory, an atom of uranium must emit eight a-particles 

“ “ •-'“'■le «lmo of lead. Th,. eight poaitivelv ehaived 

I«rtie.lea are ««a»,ue.l to have eo.ae from the imeleu.s of arammn. The forces, 
which ('an hold eight helium atoms, t.r a-particle.s, in a volume which is small in 
oomparison with that of the uranium atom itself, must be verv diffenmt from those 
which an^ at pre.stmt known. The law which determines the time at which the 
atoniic eaUrlysm with tlie emission of a-partieles shall occur is not known. 
A. ^hduerne a.s.sumed that the component parts of the complex nucleus are in a st^ite 
of constant agitation like the molecules of a ga.H , and, following the laws of pro- 
Ubihty, when one of the c.onstituents of the nueleus anpiires enough kinetic energy 
it 18 carried beyond the confines of the nueleu.H and the atom. L. Meitner has 
discussed the mechanism of radioaetive disintegration and atomic structure 

An enthusiastic writer declares that *' the curjMi.seuIar theory of J. J. Thomson 
has enabled chemists Ui explain the |>eriod.,. Uw, valency, chemical action, etc., 
Ill t^'riiis of known facta. ' We an^ also U>ld that mon* is known about the atom 
than about matter m oumc. These statements are surely baaed on superficial 
views winch are the result of confusing fact and fancy. 'The electronic model 
atom hM but a remote analogy with the real atom. Analogy' mav be an invaluable 
aid to description, but it cannot prove a single fact ; omne'simie claiidio(U--every 
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analogy limps. J. J. Thomaon quite rtH^niitHl the inadequacy of hia model atom, 
for he pointed out that the uumk'r of electitina corresponding with a particular 
pn>i»erty will doubtlcaa be different if the eleutruna are distribuU*d in three- 
dimenamnal apace inst^^ad of in coplanar (M>ncentric. rings ; but since similar projavt iea 
an* associated with rings as with shells, it is probable that a system of concentric 
shells will present somewhat analogous properties. A mon* complex disposition 
of the electrons will obtain if the positive electrification be not uniformly distributed 
in the sphere. Hence, with all their imperfections, these hvj>othes<‘s throw a moat 
inkresting light oij MendeltH'ff’s sk'nes and on the possible nature of an atom ; though 
matter still remains an inscrutable and imiHUietrable mystery and we are still 
puzzled, for, as W. Crookes has said : “ The list of elements exteiuls Isdore us as 
stretched the wide Atlantic Is'fon* the gaze of Columbus, mocking, taunting, and 
murmuring strange riddles which no man has yet bt*en able to solve.” Kiicli forwanl 
st<*p 111 our knowledge carrh s us buikwards t<j a vaguer and remoU*r jiast. 
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§ 4. Electronic Hypotheoes of Chemical Combination and Valency 

Trutl» iri the daughter of time. -Fhan« i« Hav on. 

I» recent years there has lu'en a eoiistautly growing temleney to apjily the 
cleetrouic theory 'to explain chemical ]»henomcna. It is u.ssuiucil that clertricity 
has an atomic structure, and i.s not continuous; and that po.‘*iti\<‘ and negative 
units of electricity an.* a.sHociated as con.stituent parts of the chemical atom. (\ui- 
.s*(juently, the association of atoiiw t<i form molecules involves an investigation 
of the structure of lield.s of force exerted on the outer surfaee of the atom. The 
dillereiit hypothc.si-8 u.suallv take oiu* of twak forms : 

1 Kvery iliemieal bond between two atoms involves a f/uiw/er i>f one negative 
eleetroii fiom one atom to the other, so that the one atom is ehargetl positively and the 
other ne'^ativeiy. 

2 If the electrons are aituallv displaced,.! Stark • eonsulers that s<uiie pheno- 
menon resembling the wlcetive ab.sorpti(>n of light takes place, and that when tha 
electrons return to the atom, a jihenomenon re.scmbliiig lliiore.seent radiation occurs. 

.V.s previously indieated, the atom can be regarded as eoiistitiited of a positive 
nucleus, with n electrons ndating in orhit.s about a leutral nuclinis (///tmniuvd 
Inijxtdn'sis . or. the eleetroiis may be confined to partn iilar parts of tin* striuturo — 
stiihcal //v/e>//icsc.'.. Physicists have a preililei tion for the foimer, cheiiiisU for the 
latter J Larmor, for example, compared the atom with a cioek, the oiitT eleo- 
tronie sliell being tin* penduluin, maintained in I'ontinuous vibration bv the energy 
of the core imparted through an unknown eseapeiiient meehamsni winch ])areels 
out quanta of energy. 
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in illustration of the 
dvnamn a! hypotlie.ses, 

W • Ko.'.M'i ba.s4‘d 
tli<‘ory '»f chemical coiu- 
binatiAii on \. ifohr’s 
atom nuxlel. and on 
K Al>egg‘.s theory of 
< ontravalcueie.s ride 
1. r>, I j. lie <li.stingiiishes between outer or \alene\ eleeiron.s, ainl inner (‘letdrons, 
ami assumes that the number of electrons in the ouU-r ring vanes ])eriiMlieally from 
one to eight. He regards a ring of eightor two eleetrons as being exeeeiJingly stabh*. 
His view of the structure of the argon atom, and of the molecules of liydrogen 
chloride an<l calcium oxide are repn-sonted diagraiiimatieully in Fig. 11. The eight 
eleetrons are assunied to lie constantlv rotating in tlieir orbit. In discussing tin* 
formation of complex salts like potassium ehloro- 
|>latinate. K^PtClo, In* shows that in platinum 
tetrachloride, PtCI^, platinum shows a normal 
positive valency of 4, but owing to its contra- 
vaieneies, it Can take up two more electrons from 
the potassium atom and thereby take up two 
more chlorine atoms F. KirchhofT modified 
W. Ko.s8(*1’8 ideas a little, and reprea<*nt4-d, by 

Kik 12, theunionofanatomofoxygrn -havinc ,2 u( Wal.,r, Jl.O. 

two electrons on the inner and sLx m the outer 

ring — with two atoms of hydrogen with a single electron, M. Ib-my exknded the 
theorv’ of the formation of jadar compounds to all chemical conijiounds. 

W. Kossel continued : When a multi-<diarged central atom like J^t ■■ is attiudied 
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to a negative charge, work is gained ; the amount of this energy decreases as the 
number already attached increases, for the attraction of the central positively 
charged atom for the electronegative atoms is more and more compensated by the 
repulsion of tliow; whirh are already attached ; finally, a limit is reached when 
external work has te be done in order to force another negatively charged atom into 
the ring. By making certain assumptions as to the r<‘lative sizes of the atoms, 
he calculates the work, W, gained when negatively charged atoms arc attached 
one by one from a ring round a ])ositively charged atom, The work gained is 
plotted in Fig. 13, as ordinate against w, the number 
S negatively charged atoms, for different values of 

g charge K on the central atom. The maxi- 

; ^ \ , niuni value of IF shifts more and more towards larger 

Ik ^ I values of n a.s E is increased. This means that the 

3 // \ i i |\ t‘‘n<h‘ncy to form complex salts increases with the 

^ ^ /rV’tn^ ! ifunuisind positive valency or charge of the central 

3 \c\ \ * nucleus. In illustration, magnesium has two normal 

Z \l ptwitive valencies, E -2; the curve shows that the 

^ r 1 number of chlorine atoms it can attach is 

O i i j "tf 7 3 3 betwi'en three and four ; and it does form the com- 
Mum^r of negat/yely I»le.\ salt KMgC^lj. Similarly for antimony, A’— 5, the 

cfktr^d dUm,n tiuiximum is near six, and it forms the complex 

Fio. 11 Work ri«|uiml to '> hkewise for platinum with J»t ’‘, A’ --4 ; « is 
(omi conijdyi s«ltK wuh uu between (ivi' and six ; and it forms the coin])lpx 
Incrottniiig N umber vif Nega K^PtCIfl , while Ft", E 2; n is between three and 

‘‘ K.i-tci,. ti,,. not 

Nuclear Ponitivo ClmrKos. satisfactory as this. I. Traube has 

dise,us.sed this subjec.t, 

N. Bohr also .sliowed that the work required to remove an electron from the 
outer ring decreases with an mcrea.H<‘ in the number of electrons in thi‘ inner ring, 
so tliut the electropositive character of the elements in a given family grouii should 
Uiorcttw? wiUi the at. mimher. This is in a<‘cord with facts. C’uisium is the mo.st 
electropositiv.« element in the alkali family. Iodine ,s less elect roiu‘gative tharf any 
member of the halogen family ; as is illustrat,‘d hy the deposition of iodine on the 
cathiHle during tile elei-trolysis of iodine monochloride. The («ase with which the 
members of the ^rgon family are ionized illustrates the same thing, for 
J. yranck and JI. Hertzs ionization voltages are He, 2()-r> volts; No, ICO volts; 
and Ar, J2 O volts. 

W, «rraiiK,T.H.|.t of tho olo, ■(«.»» in llu' dill, Tent atoms of low at, wt, ia 


. IJ l‘e 11 C N I) p 

{ 2)2 ( 2)3 ( 2)-4 ( 2 )« ( 2)7 

Ma Al 81 l» a r-i 

(2)8 (2,8)1 (2,8)2 (2,8).1 (2.8)4 (2.8).'> (2,H)rt (2,8)7 

K (’» S«t (Jc V ifn 

(1.8)8 (2.8.8)l (2.8.8)2 (2.8, 8)3 (2.8,8)4 (2.8.S).'> (2,8,8)lJ (2.8, 8)7 

This^may be eompan'd with Table III. 8o long as no test is available for the stability 
of concentric rings of electrons, it is open to adopt anv desired arrangement of 
o eetrons or rings. W. ih Harkins assumed that the relative abundance of the 
elements in meteorites and on the surface of the earth is dej.endent on the stability 
of tJie nuclei of the n'sjH'ctive atoms, and on the stability of the aggregates of elec- 
trons. L, Rutherford believed that he has driven particles of mass 3 and charge 
2 fnmi light atoms, and inferwd that these' particles are of more importance than 
those of mass 4 in building light atoms. .Vgainst this, W. D. Harkin.s pointed out 
that at. wt. of the most abundant isotopes in F. W. Aston's list are divisible by 4 , 
and only two arc divisible by 3 as well as by 4 ; also the at wt. of 87 per cent, of 
the clem nts in meteorites is divisible by 4 ; and but 0-77 are divisible by 3. F. BrSss- 
lera estimated that the mass of the hydrogen nucleus is less than the four hydrogen 
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atouiB from which it is derived, and that during the condensation of the hydrogen 
nuclei, the loss of energy is 0 where V denotes the velocity of light. (5n* 

st*quently, it is unnecess^ to suppose that helium nuclei pre-exist in the nuclei 
of radioactive elements in order to account for the kinetic energy |K)S8essed by 
a-particles, for part of the energy liberaUnl during the formation of helium nuclei 
within the atom from pre-existing hydrtigen nuclei might Ix' utilis'd in detaching 
the o-particles so formed and imparting to them their inomeiitiiiii. A. W. Hull, 
for exauiple, obtains conclusions in accord with a slatn al tht'orvfrom oWrvations 
on X-ray spectra, while A. H. Compton obtains ihametrically opposite conciusioua 



Fio. 14. — Maximum XumlxT of Valency Khjctrons in the Alxjms of the KJernentj. 


in at^cord with a dynamical theory. J. W. Nicholson objected that coplanar 
concentric rings of vibrating electrons are unstable, so that if there are to b<' two 
or more rings of electrons in an atom, they cannot be in the same ]>lane. This 
would make N. Bohr’s theory unt<*nable- supra. The p<*rio<lic rule m taken 
to be ^‘presented by the periodic recurreiMMj of rings of electrons of the same kind. 
The outer ring of electrons causes those' electrons which take jiart in chemical 
combination. R. Abegg and G. Iksllander’s normal and contra-valencies are 
represented by electrons which can be given up or taken on in forming compounds. 
W. Kossel represents this by Fig. 14, The abscissa* and ordinatea represent the 
at. numbers of the different elements, and the arrows indicate by their length the 
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maximum numbfr of electrona which each atom can give or receive in forming 
compounds. F, Urbach haa diacutwtid an analogous hypothesis. 

The hypotheses of W. Uanjsay, J. Stark, J. J. Thomson, G. N. Lewis, I. Lang- 
muir, etc.., favour tlu; statical view of the structure of the atom. In W, BanUtty^S 
tb60ry of roUtilUf oloctroiu, the fixed electrons were assumed to rotat(; in circular 
orbits ; and the valency electrons Uj rotate in small circles at definite places on the 
surface of the atom. The orbits of the latter were thu,s parallel to some ecjuatorial 
plane fixed in the atom, the orbits of the different valency electrons need not neces- 
sarily have the, same <liamet<Ts ; and while some electrons may revolve clockwise, 
others might revolve anti-clockwise relative to the nearest polAs of the sphere. 
Electropositive elements differ from electronegative elements in the direction 
of rotation of the electrons. The formation of molecules was explained by the 
magnetic attraction due to the rotating electrons, which arranged themselves 
in the molecules so us to permit the maximum magnetic Ilux through the planes 
of the electronic orbits. VV. K. Garnei^ <li.seussi‘.s a modification of this hypothesis. 
A. L. Parson ul.so assumed that tin* electron itself is a rotating ring of negative 
electricity, and is therefore a minute permanent magnet, and he called such an 
electron a mwjnelon. The magnetons at the surface of dilTi'rent atoms exert magnetic 
and electrostatic forces on each other whieh result in chemical combination. 
A. E. Oxley also suggested that the ♦•leetrons revolve in small circles about stable 
positions in the atoms A. H. Compton, A 1). Kokker, 1). J. Webster, A. H. Crehore, 
K, Herrmuim.^U. S. Allen. \V ls*n/, W. Pauli, etc , ha\e discus.sed the magnetic 
polarity of atoms. T. H. Merton impiired if the orientation of tlie atoms in 
crystals is regular («r at random, on the a.s.Miiiiption that the atom has an axis 
perpendiiiiilar to the plane in which the eh'ctrons an* rotating. Jf the a-partieies 
arc' related to the (»rient,afion of the a.\is, the a-ray mtivity from the different 
fai'es of a radioactive siih.stanei* might differ per unit area expo.sed. No difference 
was di'teeted Within the limits of the method of nieasunuiient available. 

W. Uamsuy in imagination materialized the eh>rtron.s by stating that “ electrons 
are atoms of the idicmical clement eleetrieitv , thev po.ssess ma.ss ; they form 
cumjiounds with other elements , they are known in the fn^e state, i.c a.s molecules ; 
and they serve as Ixmds of union hetwemi atom uiul atom. " He svinbolized it hy 
E ; and the valenev of an element is determined hy the mimls'r of electrons which 
an element gains or lo.sesund.T a gi\cn .set of conditions. K. (' Tolm.iri, M. vonl.aue, 
and If. A. Wilson have <li.seus.sed the thermodynamies of what they call dedron qaa. 

{(t) In one form of J. Stark’s hypothesis the units of positive electricity’ are 
supposed to be situated on the surface of the at<»ins. not us uniformly ehargetl zones, 
but rather cone, at ci'rtain points, uiul the neutralizing negative electrons are iLs.signed 
definite positions on or near the surfaces of the atoms Wh.-n tw'o atoms are united 
together, the negative eiec^trons hold the positive atoms each 
to each. a.s illu.strated diagrammatieallv in Fig. 15, where 
the dotted line.s repre.seiit tubes or lines of forei'. Otherwi.se 

f'xpre.s.sed. when two atoms are united chemically, they are 
held together by electrons common to both atoms. <‘ueh jiair 

Kio. Ifl.-Snliirated roii.s linking the atoms touether are eq. tt) one univa- 

viilency. bond of tht> ordinary valency doctrine. In J. Stark's 

theifrv, compounds are formed when the lines of force from 
one of the valency electrons stretches to the positive area on the other atoms. 
With strongly polar bodies, an eleetron is drawn almost wholly to the atom which 
holds it in combination. A primary valency is an effect of a pair of negative 
electrons whose field binds the atoina together. The strav electric field in the 
space about the molecule produces the so-called ri‘sidual affinity. 

{h) In J. J. Thomson's hy}»othesis of directed valencies, the electric forces which 
keep the atoms togi'ther originate in a disji/uccMien/ of the positive and negative 
eleetrieitv in eaeh atom : and, as a it'sult, each atom acts like an electric doublet and 
attracts another atopi, much in the same way that two magnets attract one another. 
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. J, J. Thomson’s theory sUrta from the assumption that an atom is an 
aif|?re«ate of negative electrons with a spliert* of positive ek'otrification. The 
charges (i) may or (ii) may not counterbalance one another, leaving 
the atom either electrically neutral or polanml that is. charginl 
with a surplus of |>oaitive or negative electnciTv. A pair of 
balanced charges is called an electric doublet, and W Sutherland 
suugchted the hypothesis that the peculiar force cxerteil bv an .> ,, 

atiim IS the same as if eiu'li atom carried an electric doublet whose aaturHUMi 

moment is characteristic of the atom W Sutherland’s atoms Valmey. 

tle rdore eharactenze compounds of the tinst class, but nut the 
w(ond K. Kalliuaim and F Kei<'he studied the passiiL'c of molecules with electric 
dipoh's through unhomogem'ouH eledr.c tields 

The field of electric force about the molecules o! a compound. From t he known 

properties of electrified bodn s, it is inferred that a Held of ele< tric force must envelop 
eaeh atom no matter whether the opposite eliarges whidlv or partially counter- 
hiilanct* one another, because the positive and negative "ct Irons an» vs hypitihtJti 
unable to destroy one another. The neutralization of two o)tposite charges annuls 
the clcetric tii'ld at a comparatively large di.^tuiiee from the atoms. Uoulomb’s law 
applies to comparatively large distances, and not at disfniiees comparable with 
the dimensions of the atoms. S<um* unreeogiu/.ed cause wems to prevfuit ]msitive 
and negatise electrons appruadimg within le.ss than a certain distance Conw** 
(jUeiitly, even ail elfctncally m-utral atom will have a tiehl of force which (i) will 
not be uniformlv di^lrdnitcd about the atom ; and whieli (ii) will probably diinmish 
in int<-n.sity more rajtidly than tlie inverse stpiare of the distance. Tile fiehl of force 
• inanating from the charges in the atom will give rise tsi (o) uiiraftiohruhr (lUniHions 
w lirn-hy the ehargtal atom affects the other atoin.s assta latcd with it in the molecule ; 
blit It wjl also give rise to (b) inttrmoUcuUir attrndtom bc< aust' the field of force of 
an atom will also attract the atoms in other molecules, and so jiroduce phenomena 
likf the surface tension of inpiids, latent heat of evaporation, cohesion of liquids 
and solids, etc A< ( ordiiiglv, ehcimcal comj»ounds ran be divided into two clasKes. 

/ <i)i-}X)l(in:r(l niolH'ules u tth unchanjtd <>r nnitrai (Uonun The individual 
atoliis of the mole( ule are neutral, for the con.stitiient atoms are ehargetl with equal 
amounts rd positive and negative electrmty, ami there is no sur)*lus or exci'SH of 
the one kind over the other. The utsmi.s are he!<l togeiher h\ one or more doublets 
on eaeh atom. Amonu tin* nou-polar molecules are H.,. lie, N.,, (1.,, CO, 00^, 
CS,. CCI^, ('rtlle. N./), etc. 

U Polanzril inolrculcx, or iuoUciiUs With r/mnfrd aUnnji.- Yho imiividuul atoms 
within the molecule^ carry an cx<cs.s of po.sitive or negative electricity so that the 
whole tnolceulc is charged, and, accordingly, exerts larger tones uj>on the attnns of 
neighbouring molecules than would Is* the case if the atoms were neutral. Then* 
IS siijiposed to be an actual tran.sfer of an electron from one atom to another in thowi 
molecules The chemical reactivity, 8|>e<ific inductive cajiacity, surface b*nsion, 
c ohesion, tendency to form molecular complexc*a, and othcT cpiulitic's of such com- 
jiounds are found to be higblv <levelopcd. Among the polar moleculM an* grouped 
NHj. HCy, SO,, Ht'l, CHsOH. i\\hOn, CHjUl, cW. 

0. N. Lewis, R. W, G. Wyckoff, S. H. C. Briggs, and W. C. Bray and 
G. E. K. Branch al.so have* einphasizc'd the fact that tln^cj are two tyjs-s of chemical 
< <unpounds which can be* dc*.signatc*d jmlar and non polar, and which ih<*y regarded 
os coinciding approxiinatc-ly with what arc usually known as inorganic and organic 
compounds. These; compounds arc; typified rc'Spcctively by potAssium chloride 
and methane. Nevertheless, some inorganic comjKiunds are prc*doniiriantly non* 
]>oIar, and some organic compounds, at least in certain parts of their molecule, are 
strongly polar. G. N. Lewis contrasts the projierties of the extreme rnembcjrs of 
these; two types by means of Table IV. He continues : “ All of these; properties 
with respc'ct to which fundamental distinctions have Iwen maele Is'tween the two 
t v'pes, and which seem so unconnected, are in fact closely related, and the diflerenesea 
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ire ill due to i single cause, Ev«'n b<*fore making any more special hypothesia we 
limy very safely assume that the essential differemMi between the polar and the non- 
polar molecule is that, in th«; former, one or more electrons are held by sufficiently 
weak constraints so that they may become s<*parated from their fonuer positions 
in the atom, and in the extreme case pass altogether to another atom, thiw producing 
in the molecule a bi|Mile or multipole of high electrical moment. Thus in an 
extremely jmlar molecule, such as that of sislium chloride, it is probable that at 
least in the great majority of molecules the chlorine atom has acquired a unit nega- 
tive charge and therefore the sodium atom a unit positive charge, and that the 
process of ionization consists only in a further separation of these charged parts. 

If then we cxmsider the non polar molecule a.s one iii which the electrons be- 
longing to the individual atom are held by such constraints that they do not move 
far from their normal positions, while on the polar molecule tlie electrons, being 
more mobile, so move as to separate the molecule into positive and negative parts, 
then all the disting uishij^' properties of the two types of compouiuis become neces- 
sary consequences of thiTiissumption, as we may readily show. From the fact that 
in the polar moleimle " the eonstraints which operate; against a separation of the 
charges are already weak, it follows that the.si* charges may be further stretched in 
the electric field, and that bifmles or multipoles which already e.xi.st in the substance 
may, by rotation, orient themselves in the electric field, tliu-s ]>ruducing a large 
displacement current and therefore a high tlielcctrie constant, Now as the diiference 
between the djelectric (constant of a suhstanct* and that of free space measures 
directly the number of free charge.s in the substance multiplied by the average 
distance through which these charges move uiuler the intluem e of a didimte eleetric 
field,” it follows that the dndectrie l onstants of polar substances must be relatively 
greater than those of non-polar tv()e. .Also it follows that polar .substances may be 
readily ionized and will form hinizing solvents. That is, such substances are good 
conductors of electricity (electrophiles). 

Taiilk IV. Tnic I'loienKTiKS or I’oi.iii and Ni»n.i*olak Co-mcounds. 


IV it AT. 


XoU'polar. 


Motule 

iteaotivo 

('<)ndriiH»'<l stnictun' 
'i'aiitoinerisni 
KI(H'troplutes 
loni/.oil 

luniziiiK solventH 
Hi^h dioh'ctrir ocaiHtant 
Muh'ouliu' poinplexfw 
.AsunKiiiition 
Abnuriiial liquids 


liiiinubil«> 

luort 

Krumo struct un^ 
Isoincruun 
N'on-eb't'trophileMi 
Not ioni/«xl 
Non-ionizmg solvents 
Low dielectric constants 
No mob*oulor roiuplexea 
No AHSoemtum 
Normal liquids 


like diitribation ot the eleotrio ohaigei within the moleoole.— Each element has 
its own B]H*cific attraction ftr negative charges, thus, sodium exerts a less attraction 
for negative chargi« than chlorine ; otherwise expressed, sodium is more electro- 
positive than chlorine. With carbon monoxide, although the opjmsite charges on 
the two atoms neutralize one another, yet the oxygen has a greater attraction than 
carbon for a negative charge. Hence, a certain amount of work is available in the 
transfer of a ue^gative charge from the atom in which the attraction is weak to an 
atom in which the attraction for the negative charge is strong. Accordingly, when 
a neutral electropositive atom is united with an electronegative atom, the negative 
charge tries to pass from the former to the latter and electrify it negatively. Why 
does not the transfer always take place f J. J. Thomson assumes that electricity 
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has an atomic structure, and must pass in definite units from one point to another^ 
and therefore a whole charge must be transfern'd or none at all. He illustratea the 
action by diagram, Hg. 17. Each atom C and 0 carries a balanced jKwtitive and 
negative charge. The 0 is more electropositive than the V, and there is therefore 
a tendency for a negative charge 
to pass from the C to the 0 atom ; 
but this tendency docs not sufiice 
to overcome the attraction of 
the positive charge carried by 
the C atom. This latt<'r is dimin- . 
inhi'd by bringing up another monoxido, I'o, 18. 'J’lio Chardin)? of a 

atom represented by the dotted carbonyl, Ct), ratlicle. 

line, Fig. 18. This helps the 

pas.sage of the negative charge across to the O atom. Thus, the atoms of a 
compound may be uncharged when isolated, and yet become charged when the 
(‘(impound i.s in a liquid state, or when the at^mis are combiiK'd to form more 
comjile.x molecules. The term intramolecolar ioziixatioil» by the way, is applied 
l)V J .1. Thomson to the process bv which tie* atoms of a molecule get charged 
electrically. 

J J 'PhoniHon coniiKirt's tin* (wo atoms of, Ka>, raihon inonoxub' with the tuo coatings 
of a Lc\d(*n jar ; so that the wbob* inolis'iib' bchuv(‘K an if it wen' a l.^\v(len jar of amall 
capacity It m known that iIk' smalb'r the capacity of a jar, the gn‘at(;r the amount of 
••nergy nHpiired to transfer, say. </ units of cpH tricity into the jar. If tin' avaiJahIo eiu'rgy 
hi' jess than this, the transfer of, my, a single ii(‘gHtivc char^’c from a (‘arho'n U> an oxygen 
atdin will not (iccur, and rtn' rtrxd. Hv mcrcaHing the capacity of thi' “jar a transfer 
might (X'oiir which would otherwise Ixi impossihlc Ifimce, if mioflicr inol(*cul(' Ik' added 
to a ciutnin atomic st stom, its cajiacity might In' incr<*as('d and iwcordingly h'ss w’ork might 
bo nvjuiri'd to transfi'r a charge from an (‘ioc-t ropositive to an cUx’tronegativi* atom. 

Platinum tetruchlorodiammine, PtClilNlPd^, is nut uu cli'ctrolyte, because its 
atoms are electrically nmitral. Add another molecule of ammonia to get 
Ptn4(NH3)3, and the resulting compound is an clcctrolyto with a mol. conductivity 
of SIJ , this numlier rises to 228 with the addition of another molei'.ule of ammonia 
to form Ptf'l4(XH3)4 : and up to bO'! wdien two more molecuh's of ammonia are 
added to form PtCl^fNHa)^ Thus, as the molecules of ammonia are increased, the 
charges carried by the atoms increase rapidly, (’arlion monoxide is neutral, but 
when It entors as a carhonyl railude into organic comj»ounds like acetone, ((^113)200; 
aldi'hyde, (’HqCOH ; etc. it raiw's their spi'cilie. inductive capacity becaiiw* the 
('0 radicle becomes charged on entering the ((impound. The proximity of other 
atoms increases the capacity of the sysU'in suflicient to allow the transfer in question. 
51(‘r(‘ contact wdth the other aUims promotes intramolecular ionization. In some 
erases, some of the radicles or atoms may (arry one or more charges, and other 
atoms may be electrically neutral. The hydroxyl radich', OH may exist in a 
molecule in two states according as the oxygen atom carries one or two negativiB 
charges. If the oxygen atom carries one chargi*, the radicle 0~ — H^ will form an 
electric doublet ; and if two charges- - as is probably the case with water-^ there 
must be a positive charge on some other radicle not the hydroxyl group, and there 
will be tw’o doublets in the molecule. J, J. Thoiuson jfuggesta that the difference 
in the8(' two states determines whether the OH radicle acts aa an acid or as a base. 
Acidic hydroxyl is represented by 0^— H^, and basic, hydroxyl (of waU^r) 0"-~H‘*‘, 
for if the molecule R0~— lie in soln. and surrounded by H"’’ and 0' H‘*‘ ions, 

arising from the dissociation of wat<*r, the H'*' ion of the given molecule would unite 
with the 0 — H'*' of the water, and leave an cxc^eiw of H"*^ ions in soln. so that the 
molecule R()“ — would have af idic profKTtii's ; on the other hand, in th<^ molecule 
R"*’— 0 — H'*’, the 0"™H* of the molecule would uniU? with the H'*’ from the dis- 
sociation of the water and leave an excess of 0" H^ ions in the water, and the 
molecule would have basic properties. The more electrojxisitive the element K in 
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the ROH molecule, the more likely is an electron to be transferred from the R to 
the 0 atom, and accordingly the more likely is the oxygen to acquire a second 
charge and show basic properties. 

Valency electrons or corpnscles. j. •!. Thom.Hon further .sugge.sts that each 
atom may contain negative electron.^ relat<*d to the atom in two ways : (i) Iminohile 
constitutional or fixM eUTlrons. Some of the electrons are firmly fixed at or near 
the core of the atom ; they are not frre to adjust themselves so as to cause the 
atom to attract other atoms into its neighbourhood ; and they take no part in 
chemical reactions (n) Mobile or raleneif eleetrom. Souk* of the negative electron.s 
are supposi'd to Is- locat^'d near the surface of the atom, and the}'*are free to move 
about and set thern.selves into position un<ler the inHuence of extiTnal electrical 
fields. They are linked with the central positive charp* of the atom by lines of 
force. The mobile elcrlrons, which d. Stark called 1 alenzelektronen, enable the 
atoms to hold on to one another and form a bond betwi'cn joined atoms. The 
number of mobile corpuscles determined the valency of the atom so that a univalent 
atom has one, a bivalent atom, two, and a .s**ptivalent atom has seven mobile 
electrons, The mobility of the idectrons is an e.s.sent)al condition nece.s.sary for one 
atom to exert any c*onsiderable attraction on another. For example, if an atom 

with one mobile negative electron Fig. 19 
and another atom with its negative 
electron Fig 20 Were in contact, the two 
atoms would attract or repel one another 
as illii.strateil in the diagrarn.s. If, however, 
the electrons are free to move, they will 
be ilriven apart until the positive charge 
of the one atom is nearer to the negative charge of the other, and the atoms would 
then attract one another The negative electron has very litth' inertia and, if free, 
can be driven round at once The initial re[ml.sion uoiild therefore Ix' momentary 
and attraction would be the final result If the eh'ctron was fixed, it could not 
swing round without carrying the wlnde atom, which is a comjuiratively heavy body 
difficult to move. An a result, when the electron.s are mobile, tin* atoms are kept 
together, but when the electrons are fixod, the atoms will have comparatii'ely 
little attraction for one another. When the negative corpii.scit's of the atom are .so 
firmly fixed as to be incapable of exerting any great attraction on other atoms 
fliirroiindirig it iiiilc.ss tlicv are in particular po.sitions, the valency of the atom is 
said to be sat., for the .satisfaetion of a valency is cs.sentiallv the fixing of oin* of the 
mobile negative *‘h'etn)ns 

Flidnif th6 VAl611Cy 6l6Ctron8. A.ssnmc that each negative electron in an atom 

© is the origin of a line or tube of forc(> If the atom is alone, the line 
of force will return to the .same atom and end on its own positive 
^ charge as illustrated diagranmiatically (Fig 21). The negative electron 
is still free to move. Conseqih'ntly, an ehrtron will not he fixed when 
the atom is by itself, hut only when the line of force from the electron 
of is anchored to an opposite charge on another atom /f, Fig 2d The 
of electron is then deprived of its mobilitv, and is unable to attract 

? another atom 

Corpiisvla. /i j #/• i i 

f (Wc /. IJ'the tm atoms fa- electrically neutral, a similar tube of 

foM'c will j)aaa from each negative electron on caidi atom t«i the positive charge on 
the other atom, as illii.strated diagramriiatie.ally (Fig. 23). flenct*, with neutral 
atoms, for each tube of force which leaves an atom there will be a return tube — 
as many will go out as come in. Two electrons are involved m holding together 
two univalent neutral atoms. If the atoms an* each bivalent, two tubes of force 
will leave eai'h atom and two rt'turn; in general, in compoonds with nentral 
atonu the total namber of lines of force between the constitnent atoms is doable 
the chemical Talent^. This means that J. J. Thomson would repre.sent each 
ohemioal valency by ttco bonds between the atoms of a molecule when the con- 
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stitueat atoms are eleotrirally neutral. It docs not follow that if the atom A 
Bends a tube of force to another atom B, it must receive one from the sanw atom 
B, for the return tube may come from amtther 
atom. The necossary condition is that the 
number of tabes of force which leave an 
atom mast be equal to the number which 
return. With tins understand mg. certain 
combinations can b(‘ explained which appear 
to lie animialou.s in tin* liuht of the old 
valeiicv hvjK)thes*is If hydrogen be univa- 
lent, a combination like H3 was coiisideml iinpo.ssible on the other hypothesis ; hut 
the hvdrogen molecule has neutral atoms, with two tubes of foriH' issuing from 
each. (V)iisc(juently, the molecule H3, that is - 


A B 

Kio. 22. Uimm 
of Charg«Hl 
Atoms. 


A B 

Fio. 2:t. — Union 
ot Noutral 
Atom*. 



is thus ipiitc. compatible witli tlie hypotlie.sis, so also is a molecule II*. Again, with 
monatomic .silver, AgCi, AgCl^. AgCl^, and AgCh, are all possible valency com|M>nnda 
in this extension of tiie older vaiem^y hvp(»thesis The trouble with the hypothesis 
IS tliat it ajiparently ex])lains too much. There is no known (‘videncc of the 
phenomenon -hi- or octo- valent carbon - with ortianic, compounds, although a 
diNidctl valcncv is sometimes observed m the arrangement of the atdms in crystals 
-f fj the X-radiograms of magnetite. 

( Vi.vc II If the two atoiiM U ihun/ed fhtrtealhj We have seen that, an eh'i^tron 
will he fixed when it.s tube of force pa.'^.ses out of its atom ami ends upon simie other 
jitf>m (Fig ‘Jdf If one of th<' negative electrons (Fig ' 22 ) he dragged from one atom, 
A, to the atom li, the I'leetron would follow’ its tube of force which left the atom A, 
and th*' tube of htree would .shrink uj> m the atom H, and only one tiiln* of force 
would (oiinect the two atoms When a numlier (»f ele< trons are transferred from 
oiir atom to anotlier. the mimher of tuhe.s of force betwee n the* two atoms will 
lialvpd, because after tli<‘ transfer no tube* of htree* will leave* the* e*le*etroposif ive* 
.etoiii. and none* will t'nter tie* e*le*ctrone*gative* atom The one* atom, B, would thus 
h.' peisitiVi'h «'liarge*d ami the e)th<*r. A. negatively charged. H(*nce‘, in compoundi 

with charged atoms, the number of tubes of force between the constituent atoms 
will be equal to the chemical valency. Tin* tube* of fore e is then e*(j to tin* bond or 
bar of the regular structural formulic e‘niple)ve*d hv e he-mists, ami tlie valency bond 
\!^ oiilv ajiplieahle* whe*n the eomstitueiit aUtiiib are* e harge*d <*lt‘ctrieally. If the 
constitiieTit atoms are electricallv neutral eac h vale*m'y bond must he* douhle*d if it 
IS to rcpre'senit a tube* of fore'e. Tin* cheinisCs hyidieii or bond is thus re*lah*d with 
the* physicist's tube* of force 

1 . Langmuir has pointed out that valency may he i*xhihited in three- different 
ways : (i) PoaUive vahnee, re‘pre.se*nfed by tin* number of ele-ctrons an atom can 
ri'linejuish ; (ii) Svijdtivc vfilenc^, repre*se*nte*d by tin* number of el<*(*tronH an atom 
ean re'ceive ; and (lii) ('o-vaJetief, repn*w*nfed by tin* number of pairs of electroivi an 
atom c an share with its neighbour. 

Saturated gnd uns&turated compounds. It fol^iwH from the* pre*ci'ding 
dl.se uHsion that when eoch of the mobile electrons in an atom is anchored by 
a tube of force to a neighbouring atom, the average attraction of that 
atom for other atoms is reduced to a mmimaoL •!, J. Thomson further shows 
that if the} molecule of a compound is to exist in a sUble* form, (1) The? moI<*cule8 
mu.st not exert a sufficie^ntly large attraction on the* neighbouring atoms to cause 
them to unite and form other molejcular systems. This will he the case when the 
we»rk requirt'd to separate the two molecules under consideration is small compared 
with the average kinetic energy of the molecule at the temp. T. (ii) The attractions 
hctw’een the atoms of the molecules must be grr*at enough to j»revent a separation 
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when the nioleculo collidt*» with other molecules. This will obtftin if the work 
required to separate the atoms is large compared with the average kinetic energy 
of the molecule at the t<‘mp. T. These conditions are greatly influenced by temp. 
Thus, with iodine vapour, the monatomic molecule may exist in a stable form at a 
high temp., and pass into more complex diatemic molecules at lower temp. 

If carbon monoxide is a stable compound when electronegative carbon is uniteii 
with the more electronegative element oxygen, why does not CClg also form a stable 
conifiound t J, J. Thomson answers this (jucstion a.s followa : As already indicated, 
an atom, even when sat., must produce an electric field in its neighbourhood. This 
£eld mud restrict the freedom of motion of molecules of the corpuscles in neighbour- 
ing atoms. If the electric fi<*ld due to the oxygen atom in carbon monoxide be very 
strong, then, even though hut two of the four mobile corjmscies of the carbon atom 
are bounrl to the oxygen bv tubes of force, the other two will be exposed to so .strong 
an eleetrii; field that their mobility is reduced. As a result, the attraction of the 
carbon atom on other atoms is redueiil. The amount of residual attraction, so to 
sjieak, depends upon the stn-ngth of the electric field in the carbon atom produced 
by the oxygen atom. If the eleetrii; field with the fl'L-system be smaller than that 
produced in the (’O-system, it follows that the latter w'ill behave more like a sat. 
molecule than the former, and the carbon monoxide moleiuile, in consequence, 
might exist in a free state when the ('(’L could not. 

It might 1)0 argued that in a compound like ethane, with electropositive 
hydrogen atoms, and electronegative carbon atoms, the two carbon atoms are in a 
different electAcal state, because the tubes of force from three hydrogen atoms end 
on each carhftn atom, ami a tubo of force from one carbon atom must end on the 


other ; accordingly, the potentials of the charges on the two carbon atoms must be 
different. This is illu.Htrated iliagrammatically in Fig. 24 . Similar remarks apply 
(h)-** acetylene and probably also to ethylene linkage.s. No 

r J phenomenon has yet been noticed which would justify this 

^ ^ coiK'lusiou in the ease of ethane, but m the case of doubly 

^ + and triply linked combinations, several properties -mol. vol., 

4.0 40 index of refraction, etc. - are markedly different from what 

Kio 24 Kttiane carbon atoms all singly linked togethe/. 

(’ It It is doubtful if every chemical bond involves the transfer 

* of an electron from one atom to another ; but, according to 

J. J. Tliomson, it is more probable that the electric force which keeps the atoms 
of a molecule together, is not due to one atom being charged positively and 
another negatively, but to the di.s[)lu(ement of the positive and negative elec- 
tricity in each atom. Thus, eai'h atom acts like an electric doublet and attracts 

another atom much in the same way that two magnets attract one another. 

Aoconling to S. J. Hates, it is not neetwarv to awujme that an electron moves 
from one atom to another for the atoms to be held together by electric forces, 
because (i) there is no evidence to ju.stify the asMimptiori that two atoms of an 
olemoiitary gas like hydrogen, or two methyl radicles in ethane, are so different that 
one would he [)ositiv(‘ly and the other negatively electrified. The two halves of 
each molecule react in an identical way ; if they ri'acted differently, there should be 
mon* cases of i.Homerism than have been observed, (ii) Positive ray analysis shows 
that there is no relation Wtween the gn'atest number of electrons an atom can lose 


and any chemical property such os the valency of an element ; but it rather depends 
on its at. wt. Thus, the inert gas helium readily loses two electrons, and argon 
may carr>' one, two, or three [xwitive charges, and krypton four. The carbon 
atom can carry no more than two charges, whereas it would be ex[)ected to carry 
four, (iii) In a dis8(H;iating gas. new molecules are b^ung continuously decomposed 
while others are Iwing formed ; conductivity measurements, by J. J. Thomson, show 


no sign of any difference in the numb«‘r of chargeil atoms or molecules than is present 
in a gas stable under the given conditions ; P. J. Kirkbv also concluded that the atoms 
of oxygen in water are not bound by electrostatic forces because the atoms of oxygen 
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separated are not charged electrically ; nor did P. J. Kirkbv and J. E. Marsh 
find any si^'us of the separation of eharge<i atoms dunui' the explosion of azoiinide. 

The effect of chemical combination on the structure of the atont -A 

eham^e in the internal structure of atoms in comlunation would explain why tlie 
properties of a conij)Ound may dilTer markedly from those of the contained elements ; 
hut the numerous atoniie or additive properties show that the eontained atoms of a 
compound may retain their individuality m eomlunation : and tin* X-radui^'rams of 
crystals show that the contained atoms an* juxtaposed and d(» not intc'rpenetrate 
cun* aiKjthcr Radioactivity also is not a{Tc‘ct-<‘d hv chemical comlunation. The 
< liannc-H of cneruy involved in ordmurv chemical actions arc puny in comparison 
with those inlierent in the atom as rcvc-aled h\ radioaetivity. Tin* free inte ratomic 
c'Fit rjL'v of tin* atoms in a molcc uK* is hut a small frac tion of their mtra atomic- ener^\ . 
Tin* IcKvs or uain of electrons whic h occurs in chemical ctunhinaf ions mint In* accom- 
j)iiiin*(l by a more or less profoiiiul int 4 *rnal transformation of the atom . this is 
cvul« n<‘«‘d on the ionic livjiothc.si.s in the ditT«*rt*nee wlin h occ urs betwee n tin* activity 
of ateuus and their ions ; a elilfercncc. .say (I (’lanucian and M. Padoa, e/uc /u st-ulr 
prt'.sciKc </ w/ic rhati^ HiTtnijur nr sulfit pus d (Xphi^iirr, ymu yu eu< dit dtt on irnl 
a (r M/jc/ An atom or molecule* c an acejuirc an e*li*e-^rn charf;e* witlnuit ditTe*rin^ 
^ircatly from tin* neutral atom or molce-ule* c v ionize*d and inm-e eunluetini; air. 
'I'ln-y add the*re*fore* that (he r>srncr <>/ chrifurnl pL numrnn is u nnHhjtrnUon of (he 
Mittmnl Mrnvtnre (f (hr n(oin ; and impure*: Docs tin* form etf tin* atom vary in 
dilfe-re iit t\pe*s of cliciuical comlunation or doe-s it re*main eeuistant ( (’e'rlaiii 
t lciiie'iit.s r«‘tain tin* same* chemical habit tliroU'.:lnuit tin* dilTe*rt*nt t\ js*s of eeunbina' 
Lion For example, carbon monoxide*, hyelroc\ame- ae id and the* t .irb\ lamiin's, tn- 
pln iivl-mctharie* and tin* more* e (Uiiple*x analogous coiiipouinls do injt dilfcr cssentiallv 
from tin* corri'spondinj^ i-oinpounds of carlnui in wliK'h tin* atom acts as U*travale*nl. 
B\ analo;;y we may sav tliat tin* e)xy)'(*nate*d compounds of e lilorine possess < (unmon 
( lieriin al charact<*ri 8 tics in sjute of tin* dilTe-re-nt amounts of oxyp'ii contained, and 
tin* same' tliin;^ 18 true eif tin* eom])ound« of nitro>:e‘n On the other hand, certain 
eitln*r ele'inents undergo so L're*at uciuinf;e of < haracte*r in passing from one tv|)e of 
e iunbination to anothe*r that <un* mi^dit think that tin* same* atom consists of tw'o 
or lyorc dilfe*rcnt e*l(*mcnts Thus the* knowledge of cupric salt*^ could not (*nable 
Us to pre*dict the exist<*n<<* of the cuprous .salts , and how re*markal)h* docs thallium 
appear }s*c au.se*. of tin* ^reat diib re*iie-,e winch <-*xists l)e*twi*e*n tin* tlialleuis and tin* 
fliullic (ompound.s! Tin* same* tliin;.( is true of ihe* eoiiijauinds of manj/ane*se, if 
wc eeuiipart* the nuin^anic and tin* jeerniuneamc aenis with the* inanjjanuus salts; 
or in the eompounds of chromium, the* dcnvative-.s of cliroinic acid with the salts of 
the sesejuioxidc When we tak(? into account such facts as thc.se, it he*eiiis ne*ce*ssarv 
to beln-ve* that in tin* case^ of some* e‘le*nn*nts the form of tin* atom may vary ac.cordini; 
to tin* ty])e> of tin* comlunation, ami e-on.se*e|ucntly that then* are* cl<*ments whose* 
atemis are* polvmorphou.s. In the ca.s*- of .vjiin* of tln‘in, such as carbon, fore-xamph*, 
the \ariation of tin* valene e* does ind imply tin* iiieidilication of tin* form eif tin* atom, 
for the* valenci(*s r<*main free* ; in tin* ca.se of otfn*r‘', dilTere*nt form.sed tin* atom cor- 
re*sponel to ditle'rent tvpes of combinations; fur example, the atom ed (,e>j>pe*r im 
di[nor[thou.*e. 

F Kohlwciler artiue*8 that chcmnal pro<a.‘Sw8 have, their origin in tin* nueleiis 
of tin* atom, although the outer electron.s may play a He^^ondary part. Jf <*Iectrons 
were the* only facUirs involved, the a-partieh* ought U) l>e hivalent, wlje*r(*aH it has an 
atlinity only for electrons. Ions occur in canal rays with jioHitive*. c}iarge*s which 
do not correspond with their chemical vah*ncies. Nuclear structure and charge* are* 
the fundamental data of the chemical elements 

The constitueiit atoms of manj compoonds carry dcctric charges. 

The* following indicates the chief evidence which has beein adduced ts.) support the 
view that the atoms in the molecules in some roinpoumls are charged, and in other 
compound.s uncharged. One of the most direct proofs of the existence of bofiies 
in which the constituent atoms are electrically neutral is the absence of any signs 

VOL IV 0 



194 INOROAKIC AND THEORETICAL CHBMISTEy 

ol elMiriosl conductivity during the dissociation of, say, nickel carbonyl, carbor 
monoxide, oxyffon etc. Thi8 result is confirmed by the positiye ra\ 

analysis. On the other hand, with leases like hydrogen chloride, hyi^ogen cyanide, 
ammonia, etc., the opposite conclusion is drawn respecting the constituent atoms of 
the dissociating gas. 

The specific inductive ca[iacitie8, 4*, ol compounds with jiresumably charged 
atoms, are markedly different from those with neutral atoms. Thus, the numerical 
value of it— 1 is 

CoQtUtueat atonu neutrAt. Coiutltiient atoou obargsd. 

^Air Z CO, CO H^O NH, * HOI CH|OH 

0 000fl9 000026 0 00004 0 00060 0 0070 0 0071 00026 0-0060 

The specific inductive capacity of compounds whose molecules have charged atoms 
diminishes ra[)idly with a rising temp. For instance, with methyl alcohol, as the 
temp, rises fromUd ^'^ to 148 0 ', the vplueof i'—l diminishes more than 25 per cent. 
On the other hand, this constant is virtually independent of temp, with compounds 
whose constituent atoms are electrically neutral. The explanation turns on the 
fact that a molecule with charged atoms would try to set itself in a definite direction 
when placed in an I'lectric field. The greater the proportion of the molecules of 
the compound which succeed in maintaining themselves m this position, the greater 
the specific inductive capacity. The mutual collisions of the molecules of a gas 
knock their axes out of line and prevent the axes of a certain proportion of the 
molecules from jiointing in the right direr'tion. The more violent the collisions the 
more the axes will be disturbed, and the less the relative number of molecules which 
contribute to the specific inductive capacity. Certainly, t lie molecules of a compound 
with uncharged atoms will have positive and negative charges induced at opposite 
poles when in an electric field, bub the movements of the molecules will not disturb 
the relative position of the.se induced charges. The sphere might bo knocked 
about colliiiiuns, but that need not interfere with the electrification. Hence, the 
specific inductive capacity of compounds with uncharged atoms is not much affected 
by changes of temp. 

As previously indicated, L. Hloch has shown that when a gas bubbles through a 
liquid such as waU^r, alcohol, or a<‘»'tone— in which the atoms of the molecules presum- 
ably carry electrical chargiis- the gas, as it tmicrges from the liquid, is mixed with 
positive and negative ions ; whereas with liijuids like paraffin oil or benzene, the 
emerging gas is not much affected. This us explained by assuming that fresh 
surfaces are continually produced as the gas bubbles through the liquid, and these 
surfaces hav(» an amount of energy, per unit area, equal to the surface tension. 
Since this energy tends to a minimum, the effect of the action between the mole- 
cules which produce surface tension will be to promote any change which diminishes 
the surface tension at a fresh surfai^e. Hence, the dissociation of a molecule of a 
compound will be favoured if a layer of dissociated atoms would give a smaller 
surface tension than the undissociated liquid ; if the atoms of the molecules be 
charged the products of the dissociation will produce ions which are carried along 
and charge the gas electrically. 

J. J. JBerzelius considered that *' the regular form of crystalline solids demon- 
strates an effort on the part of their atoms to touch one another by preference 
in certain points/’ and that this ** can be no other than an electric or magnetic 
polarity.” H one end of a crystal of tourmaline be dipped in liquid air, the cooled 
end contracts and sets up internal strains which must involve a rearrangement of 
the molecules inside the crystal. J. J, Thomson explains this by a««nming that 
the molecules of tourmaline are electrified even at ordinary temperatures, that 
the effect is masked by a conducting film which covers the cr)'stal and acts as a 
shield. As soon as the internal anangement of the crystal is disturbed, the skin 
can no longer counterbalance the internal electrification and a temporary electri- 
fication appears. Crystals of boraoite, topaz, smithsonite, prehnite, scoleaite, 
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ftximitf, etc., also exhibit pyroelectrification. The phenomenon may not prove 
Berzelius’ hypothesis, but it certainly shows that a class of bodies may exist in which 
the atoms of the molecules are charged electrically. 

Modifications of the theory have been proposed by K. G. Falk. R. F. Brunei, 

J. M. Nelson, H. T. Beaus, H. S. Fry,W. C. Arsem,W. A. Noyes, (\ R. Bury, E. J. Cuy, 

\V C. Bray and G. E. K. Branch. M. Latimer and W. H liidebiish, G N. Ijewis, 

I. Langnunr, G. A. Perkins, H. I. Cole. 11. Geiger. .M. ('. Neiiburger, A. I^mimerfeld. 

L. Zehnder, A. Lapworth, M. L. Huggins, J. Steiglitz, A. Duvallier. A. Magnus, 
W. Hughes, H. G. Grimm, G. L. Clark. A D. Fokker, E. Yamazaki, R. A. Millikan, 

L. Meitner, J. K. Marsh and A. W. Stewart, R. M. Caven, J. 1). M. Smith, 
W. 0. Kermack and R. Robinson, J. N. Friend, etc. 

Accepting the hypothesis that an atom of a univalent element has one 
ili.spusable electron, that of a bivalent two, etc., J. J. Thomson (P.>22) argued 
that there must be in the crystal of a univalent element such an arrangement 
of atoms and electrons, that, for each atoiif, then* i.s one electron : two electrons 
for each atom in a crystal of u bivalent atom; etc. He further assumed tliat this 
eonditiori determines the foriiLs in which the various elements ean crystallizi*, and 
showed that, without further assumptions of physical constants such as dielectric 
constant, bulk modulus, frequency, etc., it ls possible to cAleulate values for the 
crystal strin ture of the diffenuit elements which agr«‘e closely with observations. 

Molecular compounds, or complex compounds. In the so called molecular 
compounds the simpler molecules are 8Uppo.H<Ml to be held together by residual 
allimtv (or secondary valencies) represented by stray electric fields around the 
iHoleculcs, and ” the.se fon'cs, ' says J. J Thomson, W'lll be exerted by llie atom, 
not merely on the atoms which are associated with it in the molecule of a chemical 
compound, but al.so on the atoms in other moleeuh's, giving riw' to forc(*8 between 
the molecules, and thereby producing the intrinsic, press, and surface tc-iwion of 
liquids, latent heat of evaporation, cohesion of sohd-s and liquids, the rigidity of 
solids, and so on. Them! physical phenomena are the effects of forc<*s lietween 
different molecules, whereas chemical afliuity and chemical phenomena in general 
are the effects of forces having the same origin, but acting betw<‘<*n the atoms of the 
same molecule. W. Jacobs, and R. 1). Kleeman discussed the electric doublet 
theory m chemical reactions. H. W Smith regarded secondary valency as the 
force binding moleculea tog^’ther, and not due to stray fields of force or to the opera- 
tion of attractioiLs a<*ting according to some power of the distance. Ho asserts that 
the forces binding molecules are rhythmic in nature and not subject to ordinary 
electromagnetic laws. Si'condar)'^ valency bonds have been disrnssed by I) Strom* 
hoirn, F. Hocheder, J. A N Friend, G. F Huttig, S. H. C. Briggs, A. E. I.ar.ombl6, 
etc. 

In Q. N. Lewis’ theory of the cubical atom, it is postulated: (i) In every 
atom is an essential kernel which remains unaltered in all ordinary chemical changes 
and which possesses an exccas of positive charges corresjxinding in number to the 
ordinal number of the group in the periodic table to which the element belongs, 
(li) The atom is composed of the kernel and an outer shell, which, in the case 
of the neutral atom, contains negative electrons equal in number to the excess of 
positive charges of the kernel, but the number of electrons in the shell may vary 
<iuring chemical change between zero and eight (lii) The atom t<‘nds to hold an 
even number of electrons in the shell, and especially to hold eight electrons which are 
normally arranged symmetrically at the eight corners of a cube. A diagrammatic 
representation of the atoms ranging from lithium to fluorine is showm in Fig. 25, 
Lithium has one normal positive valence repre8<*nted by one electron which can be 
readily detached ; fluorine has one normal negative valence and seven oontra- 
valcncies ; it can therefore readily take up another electron, complet^ a group of 
eight ; it then resembles an atom of neon with the difference that (i) the fluorine 
has then one negative chaig;e whereas neon is neutral ; and (ii) the nuclear charge 
is not so great. If the seven electrons be removed from fluorine, it resembles an 
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atom of helium rxn.'pt /or flu* nu(‘l<*ar ♦ har^c, Jt in further assumed that two or 
ei^ht eJectro/is nrr very ,'>tahlf* ; and hence the inertness of the helium farinh 
Every other t}'pe* of atom ean readily receive or relinquish electrons formally io 
resemble the nirnilM-rs of the helium family. Thus, an atom of sodium by relm- 
r^uishin^' one elvetnm fonnnlh re.-,emh]e.s neon, while an atom of sulphur by reccivjn^ 
two electrons fornuiHv nsmible.-, ur^on. When a lithium atom has given up on.' 
ehrtron, the residue Li /s re^'urded us the kernel of the atom which is supposed to 
contHin three positive rhuri'es and two elertrons. Similarly with the atoms of the 
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other element.H In ehemieul ( ominnation, say IIC), or idCl, the more electropositive 
tdement ^dves oiir . leetron to the eleetronegative element so as to make a group of 
eight. Similarly, an atom (d ealeiuni, with its two detachable electrons, gives up 
two electrons to an atom of o.vygen to form a group of eight, forming a molecule 
of calcium oxide In forming ammonia, three hydrogen nuclm are attached bv 
means of ids trons to the unoiciipied places on the nitrogen atom ; at the same time, 
the nitrogen i^om is able to give an electron to another hydrogen nueleus. The 
result IS an Nll 4 -yfoiip with one readily deta.diable electron. The NH 4 -group thus 
resembles the atom lithium, .sodmm, et^- From observations on the compressi- 
bility of salts of the alkali metals, A Landb and co-workers also assumed that the 
atotn has a eiibte suninMtry , and it is Miygested that the electrons are arranged at 
the corners of a cube wh(*re they ean rotate in orbits while jireserving the cubic 
symmetry of the atom. The.m* tridimensional models were criticized by A. Sinekal, 
and A. SomiiuTfeld di.se n.ssed t he e.jinlibriiimof .systems of cubic atoms. J. J, Thomson 
showed that when the electron, s are arranged .syininetrieally m an atom, the displace- 
ment of an electron by an external force will ahvaxs be in the direction of the force, 
and the ratio of the displacement to the force will be indt'pendent of the direction 
of the force, lln* same condition does not hold when the atom is iinsymmetrieal, 
for the displacement ol the electron is not in the direction of the force. 

i. Langmuir has remodelird the pr.Mv.ling In potlieses, and ])rodiieed a statical 
hypiitbesis w lueh is known us I. Langmuir’s octet theory ol atoms. It is elo.sely 
ri'lated to G N l,rwi.s’ cubical theory, and includes many of 
tin* sngm'.sfions from \\ Kossel's ilvnatnical theory. It is 
a.s.Nimied that the chemical inertness, the high ionizing potc'ntial, 
the low b p , etc , helium show that the arrangement of the 
I'li'ctions in hclinin is more stable than that of any other element. 
A pair of electrons thus represents a very stable group, and the 
evid«-nei' iinlieates that a similar pair of electrons is contained 
in the atoms of lithium, beryllium, etc. Those two electrons 
an* supposed to be s\ nunetrieul with respect to an equatorial 
plant . but not m the plain*, Fig. 2C). The symmetry is thus 
that of the ti'tragoual system like the earth with a polar axis 
cd, ami an etjuatoriul plain* ah, 'Jhe eontinmty in the A- and A-radiations show 
that there is no abriqit eliange in the int4*rnal jayt'rs of electrons about the nuclei 
of the atoms of elements of low and high at number. The properties of neon 
likewise show that its eloetronic system is more stable than that of any clement 
other than iielium, and its teu electrons are presumably arranged as a set of two 
and a set of eight. It is assumed that the great stability of the oct'Ct is a result of 
the ueonn'trieal symmetry of the arrangement of t*iudit electrons at the corners of 
a ('ub<*. This explains w hv an arrangement of seven or nine electrons is not so stable. 


c: 



Fio, 2C». Helnnn 
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The eight electrons arrange themselves in a s^'cmul shell concentric with the other ; 
four electrons in each heunspheiv. but none in the e«juatorial ])lane, Fig. The 
outer sliell has twuce the diameter of the 
iiiiuT one, so as to allow the same space for 
,‘.nh cell. Each cell may hold two elec- 
tron'. and in argon, the next memlxTof the 
f.inulv to neon, has an atom like neon, but 
witli a second layer of eight electron,', 
making 18 rleetrons in all Outside this 
in the krypton atom is a eoneentne shell 
tif 18 electrons, in the x<*non atom there i.' 

.1 .vMond layer of 18 clectrvins. Eight of ; Out.-r 

the mne electrons in eiwli hemisplicre of Iha N<on\vifli 

. II .11 I I <•11' 

kr\ptoii an* placed symmetrically with 

r. 'pect to the polar axis and the electrons ih the .sc, ond shell . the ninth eleitron 
in each h«*misj)here goes to the polar axis This aKo accounts for the po,s)tion and 
properties of the iron familv. In the niton atom there is a third sIk'II with .‘12 electrons. 
The distribution of the electrons in the various shells i,s : 



First sliell 
.Sci'otid shell 

■riiinl shell 
Fourth shell 


j Jflt laji'r 
t2n<l layer 
1 1st lujcr . 
1 2nd layer 


l,a\cr» <•( . 1,' iruio 
. ' 2 2 • I » 


.s 2 • 2'* 
IS ‘2 ■ :i- 
is 2 . :p 
: i2 - 2 • » 


Tot*l rlwMroM. 

2 lit'hum 
10 Neon 
i s Ar>;«)n 
2if K rypteii 
A I Xenon 
Kli Nilon 


ilie clei trons m the ditTerent layers thu.' bi*ar a simple relation to one another. 
■J(l ; 2“ -| 2“-r ‘i“-i ’!• H K\dberg arr.inged the at^imic numlieis of these 

c|< meiits in a similar seru's, The more or less con<-ejitri«'. spherical .shells have the 
'amc thickness so that their radii form an anthiiieticdl aeries 1. 2. d. 4 . each shell 
ifi divided info cells of eipiul volume The 1st shell has 2 cells ; the second. 8 ; the 
tliird, 18 ; and the fourth, ‘12. The innermost, cell has one electron per cell ; iho 
otli<if ceils Miav havi* as a maximum two electrons per cell. When two electrons 
iMcujo one cell, they are di.sjio.'cd at ditTerent di.stancc.s from the centre of the atom. 
The inner cells must eontain their maxmium (piota of cle< irons before the outer 
( i lls can contain any In the outer shell, two cl»*, trons mav oc< upy one ei'll jirovided 
ail the other cells contain at least one electron. Tlie arrangement of the electrons 
m til*' atom.s of ditTerent elements is .shown in Table V Ilvdrogen has a single 
positive charge and a singic electron Its po.sitive and negativi* poles form an 
elcdric doublet of high moim'nt which t<*nds to attnn t all other bodies. something 
like a small magnet. Thus at. hydrogen is strongly adsorbeil by surfaces Ily 
sharing their elei trons, two hydrogen atoms can form a .stable j>air so that the atoms 
form diatomic molecules with a weak exU'rnal held As m (1 N Ii<‘\vi.s' tlieory of 
eulm al atom.s. the chemical jiroperties of lithium, beryllium, and boron are deter- 
iiimed bv their tendency to give up electrons, to form stable octets , while carbon, 
nitrogen, and lluonne takr. up electrons to form stable oct.<‘ts. , 

The theory explains the periodn- properties of the derneiitH including the eighth 
uroup and the rare earths; the magnetic properties the elements; anci the 
valency of polar and non-polar compounds It is assumed that electrons contained 
in the same cell are nearly without eflect on each otlier. Hut the electrons in the 
out.side layer t^'nd to bne themst’lves up (in a radial direction) with those of the 
underlying shell because of a magnetic field probably always Ui be associaUMl with 
electrons bound in atoms, as in Parsons' magneton theory. This attraction may be 
more or le.ss counteracted by the elertro.statie repulsion b<*tween the outside electrons 
and those in the underlying shell The electrons in the outside layer also repel 
each other, and thu.s tend to distribute themsidveH among tin* available cells so a.H 
to be as far apart as possible. The actual positions of equilibrium depend on a 
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bftlftOM between these three seta of forcea together with the attractive force exerted 
by the nucleus, 

Taslk V.— I. hAKOuvin'B Arranoement of the Electrons in the Atoms of 
THE Elements. 


I Number 

' •i«o»oM Number of flectrom In outiide Bh«D. 

r in kcriMl. ' 


I 

— 

0 

1 

2 

3 

4 

5 i 

0 

7 

8 

0 

10 

lit 


I 

H 

He 



1 






2 

He 

Li 

He 

B 

C 

N ! 

0 

F 

Ne 



Ilii 

10 

No j 

Na 

Mg 

A1 

Si 


s 

Cl 

A 



llli 

18 

A 

K 

Ca 

No • 

Ti 

.. 

Cr 

Mn 

Fe 

Co 

Ni 

Illj 


10 

11 

12 

13 

14 

15 i 

10 

17 

18 





Ni^l 

Cii 

Zq 

Gft 

Go 

Ah 

So 

Hr 

Kr 





0 1 

1 

2 

3 

4 

5 

0 

7 

8 

0 

10 

lllii 

38 

Kr 1 

Hb 

Hr 

Y 

Zr 

Cb 

Mo 

43 

Ru 

Rh 

Pd : 



• 10 

11 

' 12 

13 

14 

15 

10 

17 

18 



lllii 



Ak 

C(1 

In 

Sn 

SI, 

I’o 

I 

Xo 





0 1 

1 

2 

3 

4 

« 

0 

7 

8 , 

9 

10 

IVi 

54 

Xe ' 

Vh 

. Ha 

La 

Co 

Pr 

N(1 

01 

Sn . 

Eu 

Od ' 


! 

! 

11 

12 

13 

14 

i 15 : 

)0 

17 

18 



IVi 


1 

Tb 

Ho 

l)y 

i:r 

, 'I'm 

Tni,j 

Yh 

Lu 1 





14 

15 

: 10 

17 

18 


’20 

21 

22 

23 

24 

IV» 1 

I 


1 

I’m 

Tm^ YbjS 

Lu/j| 

1 'I'b 

V\' 

75 

Oh 

Ir 

Pt. 


i 


25 

! 20 

27 

28 

■ 20 

30 

31 

32 



IVi 


no 1 

Au 

Hg 

Tl 

l‘b 

Hi 

KftK 

85 

Nt 



i 


’ “ i 

1 

!* 

3 

4 

; 6 ! 

0 





IVii i 

1 80 1 

Nt 1 

87 

Ha 

Ac 

Th 

i 

u . 






When the number of electrons in the outside layer is small, the magnetic attrac- 
tion exerted hy the electrons of the inner shells tends to predominate over the 
electrostatic repulsion, but when the atomic number and the number of electrons 
in the outside layer increase, the electrostatic forces gradually become the controlling 
factor. Aa a result, when .then' are few* electrons in the outer layer these arrange 
themselves in the cells over those of the underlying shell, hut when? the outside 
layer begins to approach its full quota of electrons the cells over the underlying 
electrons tend to remain empty. 

The properties of the atoms are determined by the number and arrangement 
of electrons in the outside layer and the ease with which they are able to revert to 
more stable forms by giving up or Uking up electrons, or by sharing their outside 
electrons with atoms with which they combine. The tendencies to revert to the 
forms represented by the atoms of the inert gases are the strongest, but there are a 
few other forms of high symmetry such as those corresponding to certain possible 



THE ABCHTTECTURE OP THE ATOM 


m 


forms of nickel, pAlladium, erbium, and platinum atoms towards which atoms have 
a weaker tendency to revert (by giving up electrons only). The very stable arrtiige- 
uieuts of electrons corresponding to those of the inert ga.s«*s are oharacU'rized by 
strong internal but unusually weak external lields of force. The magnetic and 
electrostatic forces are each very nearly mti‘rnaUy balanced. The smaller tha 
atomic number of the element the weaker art* these external Holds. The pair of 
I'lcctrons in the helium atom represents the most .stable possible arrangement. A 
stable pair of this kind forma only under the dm*ct inHuence of positivi* chargea. 
Tlic positive charges producing the stable pair in the order of their stability, may 
be . (a) The nucleus of any element ; (6) Two hydrogen nuclei : (c) A hydrogen 
nucleus together with the kernel of an atom ; (d) Two atomic kernels. After the 
very stable pairs the next moat stable arrangement of electrons is the group of eight 
such as foriiiB the outsidi* laver in atoms of neon and argon. Wi* shall call this 
stable group of 8 electrons the “ octet.’* Any atom up to argon having mon* than 
two positive charges in its kernel tends to take up electrons to form an o('tet.. The 
greater the charge on the kernel the .stronger this t4.‘ndency. In exceptional cases, 
the octet can form about a comple.x kernel, that i.s, about a stTurtiirc containing 
the kernels of two atoms bound together by a jiair of electrons. Two octets may 
hold 1, 2, or sometimes even d pairs of electrons in common. A stable pair and an 
ort^ t may hold a pair of electrons in common. An octet mav share an even number 
of its electrons with 1, 2, or 4 other octets. No electrons can form parts of more 
than two octets. 

The covalency of an atom is the number of pairs of eleetrons it shAres with other 
atoms. If we represent by e the total iiumlnT of available electrons in Ibo outside 
shells of the atoms forming a given compound, and let v be the number of oototi 
formed, holding p pairs of electrons in common, we 8<‘e that, for every pair of 
eleetrons shared, there is a saving of 2p in the numl>er of eleetrons nei'ded to form 
octet^s. W<‘ have, therefore, c - Hu -2p, or p 'i(8« -e). Of course, electrons held 
hv a hvdrogen nucleus in common with an (X'tet 
must not be counted in reckoning the value of p, 
since they do not re.sult in any saving in the niimlx'rs 
of eV'ctrons re(juired to form octet.s The two hydro- 
gen nuclei of wat<T always t<‘iid to hold pairs of elec- 
trons, but not oct-ete, con.‘X'(jueiitly n is unity for 
the oxygen atom. There are .six available electrons 
in the oxygen atom, and two in the hydrogen atom, 
lienee f -8, and p is zero. No electrons are there- 
fore held III common Ix'tween oi'tets. The two 
hydrogen nueiei are held by electrostatic attraction 
on two ]»air8 of the electrons forming the octet. The 
water molecule may, therefore, he pictured as a cuIk* 
with two hydrogen nuclei hanging on to op|*osite 
edges. This structure indicates that water forms 
molecules m which the electrostatic forc<*s are almost 
iximplotely compensated internally All the electrons form an octet, and li^pnce 
the molecyle should have a rather weak external Held of force. Wat^cr should, 
therefore, be easily volatile and should not lx* a go<Kl (otiductor of elcotririty. But 
the lower symmetry of the molecule, os compared w’ith the neon atom, shows that 
the b.p, should be much higher. In the formation of carbon dioxide and nitrous 
oxide, the black discs in Fig. 29 show those electrons which share eipially a position 
m both octets when the atoms come together. Then? w a remarkable resemblanw 
between the two, the stability and propertie^i should therefore be similar. This 
deduction is confirmed by the comparison of the pro|)erties of the two compounds 
in Table VI. In addition, there are the two hydrates, N2O.6H2O, and ; 

the heats of formation are respectively 14*9 and I5'f) Cals. |x*r mol ; the surface 
tensions are the same at 12‘2^ and O'* respectively. The refractive indices are TIOS 


i- 


i- 





Kio 2tt. — Foniiatiofi of Mole- 
cMilcH of XilrouH (Ixido and 
Carbon Dtoxido, 
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and 1 100 ; th« dielectric constants, 1598 and l o82 ; the niaf,motic susceptibilities 
are the same, 012xl0~«; and the heat conductivity at lOtf the same, 0 05G. 
Carbon monoxide is rej^arded as an unsaturated compound, but it is really com- 
paratively inactive. Its low b.p. shows that its external field is weak; and this 
corresponds with its low solubility. From the above formula, 2, e~10, and 
- 5. This also su^j^ests an unsaturated compound. Structurally it resemble.s 
nitrogen and the comparison of the properties of nitrogen and carbon monoxide 
Table VI emphasizes the Himilarities, The resemblance in thi* mol. structure of 


TaUI.K VI, OK THK pROPRRTIKS OK (’aRDON J)ir*.\llJ*; AND NlTROL’S 

OXIOK; AM) OF NiTROOK.N AMO CaRHOV MoNff-VIOF. 

l*rf)lrfTty, I NjO CO, CO j 


Oritiral presn 


Oitical teirq). 

35 -4’ 

Critical vol. 


Viscosily 

. , 148x10 

8p. gr. at 2(1' 

OUlU) 

8p. gr. at 10’ . 

. : 0-85t) 

Hp, gr. at h p 


Holubiitty wat<'r at O'' 

. ! 1 305 

8olul)ility alcohol at 16 ' . 

. i 3 25 

F.p 

1 

B.p. , 

^ i 

Mot. niimher 

. : 22 


77 35 

1 35 

310' -ir)F 

- 140’ 

5 05 

5 17 

148 ' 10 ‘ 183x10" 

100 X 10- 

1 031 


0 850 


0 703 

0 707 

1 780 :i 5 

2 '40 

3 13 

- 

207' 

2ir 

-I'.lO' 

105° 

22 14 

14 


carbon moiio.side, mtrogfn, and nitric o.xtde is emphasized bv the diagrams, 



Nitric oxide has 1 5 eh'ctrons 




Kio. 30 . .Molecular Slructun' of t'arlton 

Monoxut', .VUrogen, and Nilric Oxido 


«tne more than nitrogen, No, or carbon 
monoxide. 0. H, Foster deseribed a 
number of atom models based oti 
I liangmuir's hypotlu'sis. 

i laingmuir applies the hypothesis 
I to a great number of compounds— 
j, <■ »/. the phosphorus acids, sulphur 
a<‘id8, nitrogen oxides, etc. in manv 
compomuls, the (>o-ordination number 
and tile eovalt'iH'e are ideiifieal, and 
the» oefet fh(‘orv then corresponds 
I'vactly to A Werner's theory, just 
the ordinary valency theory. In hydro- 
4 ; eacli lluonne atom thus shares a pair 
the <‘ovaIenee is J, In ammonium 


as for organic compounds it is eq. ti 
lluoroborio acid, HliF 4 , 11 5,1 .T2, p 

of electrons with the octet of the l»oron atom 
fluoride, w 2 , » Ifi, and p I); the four h\drog<‘n nuclei (Iui.h attach thcmsclv'cs 
to the nitrogim octet giving rise the positive ion and since chlorine has 

a complete ocis't it becomes a negative (r ion Hemv, ammonium chloriile re- 
semjiles a sodium chloride, the central nitrogen atom iia.s a covalence of 4 In 
platinous tetrammiiunhchloride, « 7, c 18, p t. Four NHa-radieles are thus 
attached (lin'ctly to the platinum, each sharing a pair of tdeetrons ; the nitrogen 
and platuuim hav'e ea< h a covalence of four, and the chlorine atotus Ix'come ions 
Compounds having the sanu* number of atoms, and the same total number of 
electrons arrang*'d in a similar manner, are said to be isosteric COmpoonds—iVr);, 
equal ; solid - -e//. nitrous oxide and carbon dioxide The essential differ- 

ences iM'tween isostA'ric molecuh's are imnfined to charges on the nuclei of the 
constitiient atoms. Kle('tricalU charged groups of atoms or <*ven single atoms mav 
be isosteric ; 
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;v,M K. N,. ( t). CN" ; typo 1), NH,' ; Upo 10, CO,. N,(). N,'. ('X(>' ; tvpo II. NO,'. 
I (», , i>po 11*. NO,'. 0,; type 13, HC. OH'; typo U. CIO,'. SO. PoV' ' ; tyiw 1ft, 
( U)j, S(N' , J’Oj ' type 10. PO,' ; Upe 17. S,o/'. P, 0 , . t\pe IS. S,0,'. P,0, ; 
f . pe I't. SiH,. PH, ; type 20, .MnO/, CrO,". type 21, SeO,", AhO, 

Where i'<osterk' groups or moloeules have the same charges, tho\ an* isosldctric, 
aiei their jiroperties are comparable X_. and ('O hut when" the charges are 
iinlike. the resemblance may show itaolf as a similarity in crystalline forms. 

The following cases of crystalline isomoridiism are thus jiredicted bv the theory 
aie found to exist according to published crvstallouraphie data : NaF MgO ; 
KXti. KNCO, KN();j -Srf’O.,; KCKl^ SrSO^fNall.SO^ CaHJ’O, . MnSeOJLO 
FeAsO^ 2HoO, etc The following cjLses are predicted by the theory, but cannot 
\.t he tested b(*<‘au,se of lack of available data: MgF., Xa^O ; K..S CaF'l.. ; 
N.d lO, OaSOj, KHSO., SrllPOa; Xa^SAl* Ca.P.Ofl; xLSoO- ‘ Ca.dV), . 

. tc Carbonati's and sulphites are not isomorplious, the covaK iiee of the ivntral 
atom heino 4 and d respectively. Nitrates a^ul clilorate'< are mit isomorplious, the 
1 ovalency of the chlorim* being d in chlorates Then* arc soim* ilisagreements vu/r 
ill-' j-laL'iorlase.s. 

(1 N le wis and I. Langmuir’s theory or analoc-uis theories ha\e been discussed 
h\ S <’ Hradford, A. E Oxley, \V. M Latimer and \V II Ibxlebiish, K. C Kemble, 
N H Campbell, H Tertsch, A W Stewart. C Si hmidl. H Tciidt. IL N I'ease, 
F Ho- h-'-h r, E Xeusser, 0. Hinsberg, C. Crehore, E. 1). Eastman, 11. S. King, 

0 A. 1’- rkins, H. 1. ('oh*, J. A, Wasastjerna, J. St-*igbtz, J. Moir, 1). L. \V«‘bHter 
ami ].. Page. K (t \V Norri''li, C H Pury, etc* A O llankine showc'd that the 
\ is( osity data and X-rav crystal data are eonsist.c'nt with 0 X Lewis' and I Lang- 
iiimr's li\pothesis ; but .1. R I’artmgton state'd that the hvpofhe‘<is js ineonsmti’nt 
with the* sj) ht. of the gases. For exnmjde. tin* ratio of the* two sp lit of a rigid 
ino!c< ule with thrc'o atoms in lim- .should he I ItKt. whereas the ratio of tin' two 
-p lit of ( arhon dioxide* or nitron.s oxnh* is j d Siiiiilarlv. for the rigid nitrogen 
lii'ilt'i u!e the ratm sliould ht* I «it»7 iimtead of 1 px) actually olwryed Iti ronse- 
ipi- n< e. .\ W' C Menzies lia.s .-howii that hupj>l-*m<*ntary h\ pothc*.sc*s arc* neccRsary 

Tills discu.ssion has not j-roNC'd tlic*se speenlations, it only makc's them appc*ar 
[il.iusihle . and it illustrate, s tie- iiivaliiahjc' aid whic-li c hc'iiiistrv and meta-rhc'iiiistry 
an* reiiiMiig from the c-xc-rcise of dme iplmecl imagination Naturally many have 
lalli n hc'fore the temptation to cciiifiisc' imaginar\ ph»‘nomc‘na with deinoiihlrated 
fa- 1 Prein.itiire gencTali/ations :ire rife, Miu'e, as a rule, tin* less the numlier of 
facts, the easier it is to iferierali/c* and tie* more lik-'Iv an* those gc-neralizations to 
h" wrong J .1 Thomson said : 

I fw th-'-Tv JS not an ultitimte cjne ; il» ohje-c-f. w phy»i<*al raUjc«r than rnotaphymcal. 

1 r-iiji tlie point of \ H-w of the ph\ -leiHt, a theory of inattcT i« a policy rather Dian a erwocl 
llH ohjeet m t«» «'ojini><'( or eo onlinat-* aj-parenlK -Iiv-thc' pli<*nomeua, and, al)(-\<' all, to 

stnnnlaO', and direct <‘\p--nment It onylit t-- fornish a cxanpaaH winch, if ictllowod 
Will lea-l the ■ xplori-r fcirihc'i and futilic r into cin-'Xploo'd r-'yionn VV’hcdhcr ihcw! nvions 
will l)f haro'n or fertile, exp-Ti-'iic-*' alon<*uiII d»*eide, hut at any rate*, one whow guid»*ci in 
'hi-i way Will tra\cl onwarej in a dc*finite dinetnai and will not unndc>r tiirnlesHly to and fro. 

The honesty of science. Here. thc*n. WC an* confronted with jihitntasiiia* w'ineh 
Would he hanishccl at c-nce if we wer** convim-cd that they wc*re hterilc; conjccturcH 
and not prc*gn<int hvpotlu .sc'.s The* spec illations prolwhly make the best gneas 
yet maclc* about the- ultimate <-oristitution of inattc-r Tin* rc*!ation.s betw'c*en 
hypotheses and fact, though doubtful, an* not alfogcthc*r contradictory (A)nHe- 
'pii^itly, the defective hvpothc'.s^'s will be persistently aftackc*d by hostile forces 
until thc*y are either abandoned in favour of more MicceBsfiil rivals, or dc*veloped 
and stn*iigthened into a more c onsi.stvnt and lasting form 

This .struggle for exi.stenc'c* i.s the life and strenuth of scientific hypothefW'H, 
ScM iK'c' mav appear to lo.se* influence when the fallacy of a prevailing IiyjiothemH ia 
<Iemon.strated ; hut it holds a treasurc'd reputation for honesty cd purpose by 
frankly acknowledging and registering its mistakes In tin* words of A. -Sidgwick, 
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itte from the fear of bein/i^ found an im|>o«tor, science is able to challenge and to 
court eoTTCCtion. “ As for the truth, it endureth, and is always strong ; it liveth 
and eonqueretb for evennore. Truth is the strength, the kingdom, the power, and 
the majesty of all ages.” — 1 Ksdras iv, 38. 
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( flAPTER XXVJII 

UKHYUJUM (Ht GLUf'lNi'M 


§ 1. The Discovery and Occurrence of Beryllium or Glucinum 

CVht h la jit'orn/itrui ((uo Ton doit on quolquo sorto la Hourco (l<i d^couvertr (de cet 
t l|f> (jui I'll fouriiit la pi-tnon’-ro id»^*', «•! Ton |K ut dip' quo saiiH ♦•Ho la con- 
nauwanof' do oriin torro noiivollt* n’oiit point ♦■to a*M|uwi5 ♦!♦• lonj^tonips, puwquo, d’apr^s 
I'aniilyMo ♦!♦' lornoraudn par M Klaproth, la cello du Wril par M JHndheim, on n’aurait pan 
rru devoir ntooininiine^'r oi- travail suns los fort-ivs mia|o>;u‘s ou rni*rno I’ldontit/' preaquo 

f iarfnito !♦• oitoyi'n llauy avuit troiivi^oH par lt»M propn<''t/‘s ^'♦'’'otnotriquos ♦♦ntre cos doux 

owiiloa piorn'ux A. F HK Fot;itcRov. 

The iniiioral beryl lu hexagonal orvMtal.H which an* varioiml) rolourod whits*, 

yellow, hluo, or pale ro.si*-ri‘il, hut more loimnonly j^reon — the pale {rreon varieties 
art! known an ^(juarmrinr, an<l the dark ^'reen vanetieH, as fmerahl, wliirh is familiar 
as a giTU-stone The so called qoldni iMryl is hn^ht yellow. The beryls are all 
more or less impure forms of h♦‘r\lllum aluminosilicate, :Uie() ALO;, hSiO^’, the rich 
green colour is due to chromiuin The minerals t/atN</.wni/c, (josr/tnutf, rostmh\ and 
rofohjvvite are also varieties of beryl The nmnrdyd, ♦rp<q>oyf^os, and the hervl, 
/i»//ie/\Aos', were known to the ancients as ornamental gem-stones ; they are frequently 
iiientioiH'd m the llihle, aial we are tln'r*' t<dd that the sinaragd, or cxnTdlil, was 
assigned the fourth place in tie* breastplate of the high-priest of the tabernacle 
Theophrastus, in his Ibpi about the thinl century itc,, wrote about the 

snmragd, and it is geiHTally asHunuMl that Ins di si riptioii refers to our emerald 
Although it is obvious that '^h♦•♦.phrastus, and lati-r, PImv m his Ihstorui Xdbfralts, 
written about the middle of tin* lir,>>t century id our iTa. applied the term smaragd 
to many other mim-rals IM-Mdes the eincrahl propi r. Plin\ said of oni* variety : 

'I’liere IS no Mtone moo- pl.-imiriK' to the ♦•>♦'. for wherea.s the fixed itself with avidity 
upon the Kreen ^:r»ss, wid the fotiaue ♦♦f tn-.-M. wo have all tle> more pleusum in looking upon 
the Mtnami/iln.'i. for there w no t;re^*n m existem^* of a men- intense euleiir Ilian thid j and 
la'sides. ♦)! all the pre<-ious dfones. this h th.‘ ♦>nlv om* Hint te,-ds the si^^ht without satiation. 
Fven whi-n the viniori htvd biM-n fatigm'il, with intently xa wmg eih. r ohji-ets. it w refroshod 
by being lurneil upon fhi.s stone , and laindaru s know of nothing that ii miire Boothing to 
the eyes for its sett gns-n tints are womh-rfiillv adapted for »vssiiai.'ing la.ssitu(h'. when felt 
in those organs 

I’lmv also reb-rred iolHryllus as ha\mu a like n.itun’ to that of the emerald. 
I) A Mat .Vhsler ' has di'serihed the loi ality known as ( ’h'opatra s Kmerald Mines 
of jlehel Sikait. Ktliai, whieh have Immui workt'd o\aT 2tHK» \ears. A H. de Boot 
applied the name aquawomu' to a sea-greiui eoloured variety. From the old 
analyses of T. Bergman. J F (’ Aehard. J. J. Bindheim, M ’if Klaproth, and 
L. N. Vauquelin, beryl was regarded as a ealcium aimmniuin silicate ; w hih- 
beryl and smaragd were regarded ns two di.stinct mineral species R. .b Hauy 
first suspectetf the ulentity of emerald ami beryl from the sameness of their 
crystallographic and other physical charaetcristH’s, and he therefore invited 
L. N. Vaiu|uclin - to analyze these minerals ; and as a result, the latter opened his 
memoir: Ik I'dtque /mriNf ou f>eni el dkourerfr duno Unv noundle dam ceUe 
picrrf, with these word.s : 

Le citoyen Hmiy, dit il dans sun nu^nioire lu »i I'liwtitut !♦• 20 pluviowi an V'l. ayant 
trOuv^ imo confornutt'' parfaite outro la stnicture, la duret«i et la poaanteur du Wnl et de 
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BERYLLIUM OR GLUCINUM 

I’emerftud©, m engage^ U y a (juolquae moU, a comparer auam cas deux pierrwa par \m moyena 
t humquw, pour savoir si ellea ^taient coiiqx>a66e do mfmes principfa ct dana las pit>portiona 

ij. N ^ autjiK'liii fouiici that lu tern' da heriJ^ as h«‘ culled it, can Ik* separated from 
,iluiuiniiim by boiling the soln, with ]>otassiuin hydn*Yidc ; and it ditlcrs from 
.iliiininium in furnishing salts with a sweet taste, in forming no alum, in being soluble 
,11 aimnonium carbonate*, and in not being preeipitale<l by potassium oxalate or 
Tartrate, fhe editors of the Jnmjfes de ('fmnie, in whicli Vauquelin s pajier was 
|iiiblislied, suggested tln‘ name (//ucim; from yAi ^u, sweet, in reference to tlie sweet 
T.i'ite of the salts.* L. N. Vauquelin adopted this term w'ith some reluctance; he 

0 ferrerl. in a footnote, to the proposed name r/b/Wm*, and later still, he employed 
this term - jto.v^ibly because of Mune pre^^ure from the editor.'^ of the Jnna/is 
i! F Link objected to the use of the proposi^d name on accAUint of its rescun 
hianee to “glycine,” already in use for something else M. 11 Klaproth added 
that the sweetness of the salts of laterre neunile is not uniipie with that element, for 
the salts of yttria are also sweet, and h<‘ claimed that Jieri/IUrde is a preferable term. 
A (» Fkeberg agreed with M 11. Klaproth; andJ.F (Jmelin translated the French 
<l(>tcun' into the Gennaii equivalent Sasserdv. Thereafter, the t<*rm lierytlerde, 
(ibviously translat(‘d f»om L X Vauquelm‘s la terre da fain/, was eiiqiloyetl in 
(irrmany, and t/htaru' in France. F. Wohler emploved tlu' term iH iyllium Ku tin' 
iii' tal winch he isolated m 1S2<S In other countries tlu're has been a kind of struggle 
fur existence between the terms iM'rylhuin and fjlaetauiii, and neither d<'signation 
lias y(‘t ousted the otlier. In liHi.'), J. L. Howe argiu'd in favonr*of the iattiu, 
<' L Parsons in favour of the former, and this is einpliahiztal in ilie numograpli 
<' L Parsons, The Chrnnstry and Ltirralarc of Jierylhum (Faston, Pa., llMtK). 
.\rgUMient is •>( no avail iteeauhe tin* <-hoiee of terms i.s largu]\ a question of tempera- 
ment. 

I' Iticlmulsuii * rupuitcd that tli<- .Mwu'ti'ffi ntuu'ial, <tav alMimti', ruittniiiud a tww 

1 It Jill lit which liu callcKl tloniMiix and it S ttuosc, an eli>iia*nt tn'tUMim A1 K Hi^ildlf 
idf/ititu'tJ dunmin with lxi\ Ilium 

NuiiifiuiH anal} s4‘s of tin* ilitbTfiil varietn-.s of beryl have been n*ported in 
athJiHon to tho>e t(j which allu.xiun htis been madi* Some gigantic her} Is havi* 
Itfi'n reported in the Tmled Sialu.s one found at tiraft-on (X'i'w llamjiHliirf) is said 
to ha\e weighed I'tMKi lbs., and ariotlnT from the same loeality, P)70 ll>s. Other 
'i'•|'o^lts are at A<*kw'orth (Nt-w Hampshire), Kuyalston {Mus.sa(‘huKetts), Alban\ 
(Maine), Haddom (t.'onneetu ut). LieperviIIe and t’hi'ster (Pennsvlvania). Stony Point 
(North tAirolina), Amelia Court llou.'>e (Virginia), (ioosa Countv (Alabama), lilaek 
Hills (Dakota), and in Chalfee Coiint\ ami Jejfer.son County (t.'olorado). Beryls an* 
ioiind m Cornwall (Fiiigland), Kmloeli B.mms h, Braemar. and Cairngorm (Seotland) , 
se\eral [ilaees in In land , Limoges (Franei*) ; Finbo ami Broclilbo (Sweden) . 
Ihaletimai.s and I{aben.st4*m (Bavaria); KIba, Hast Indies, etc. Ih'ryl usually 
"Titains between \) and Ki jier cent of bervllia , up to about '1 ]ier e.ent of Iitliia 
has been re})orted in numerous samph s , W. Veriia^isky’s aiialys4*s showed the 
pn-.senee of up to 3 0 f>er cent, of ea-sia, ami 1 3 per n iit of rubidia W. A. Tilden 
found tliat up to aboutO 7 vols. of ga.s wen* ijvoKecl wlo’ii beryl was heat«;d, and most 
of this was carbon dioxide U .1 Strutt, and A Piutti have measured the helium 
which can he dn\en from b«‘rvl. • 

Ihe tx*rylJmrTi h>dro-ulumino«iJi<ate, ItellAlSiOj, «H«urM ttn* inim*ral eiiClUd iii 
Itrazal, Soulti train, and the .Vuslritin Alps. IIils rare rinnentl was aiuily/e<l by ./. J. Hor- 
/«lius,‘ .J. W, Mallet, and A. Daniour. Thwx? analysas show lU t<i 21 78 |kt c«nt. of 
U ryllm. B<*ryllmiu occurring as a simple silicate, Jto,8i<)„ w n‘pr««*nted by the mineral 
pbeoadte with from 44*46 per cent, of Ixjryllia,’ which waa namnl from <p*ra(, a decoivor, 
on account of ito roaemblance to quartz, it is found at Mount Antcro (Colorado), at 
Framout (Vosges), in the emerald mines of the Urals, etc It w alw found m the mineral 
bertrandlte. bcrj'Iiiurn hydroailicate, which approximates in composition, BoAli<jOH),HijO,, 
It has 40 43 |M'r cent, of beryliia Phenacit*^ ts found at Barhm (NanU^s), Piwik (Bohemia), 
Mount Antcro (Colorado), and at Stoneham (Marne).* The anaiyses of tlie nlicato mmeraia 
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, N.(Bc,l')C.(SiO,),. by H. Erdnann,* C. P. Rjmi^lwn!, and W. C. Brttor . 
and of iMlIyliaM, or matUiopliaiia, or mallphaidla, NaC'B,Beib Si|0,„ by H. Richiar, C. F. Rm- 

nUiJjiberg, wid W'. C, whow t.h#j presence of 10-14 per Tia?*r> 

wiaJyjMH? by VV'. HrOj-K****. and A. K. NftrdenHkjdId, and epidldymlte, HNaBeSiiO,, 
of 10 13 iM»r font, of b«^ryJlm; gadoltfiJtd, F<*BO|Y|Si|0,(,, analyzed by 0. Flink,** 
iihow ft-11 per cent, of bcrylha ; trimtrite, BelMn.Ca.FolSiO,, analyzed by G. Hink, 16 17 
per cent, ; cyrtollU and alvtta nbow 14 15 [x^r cent. ; allanita, up to about 0 3 per cent. ; 
murooioiilte. 5 6 ixt cent ; erdmantilta, up to 4 ixr cent, ; foreslto and arrhM^te, up 
to 1 |M'r cent. ; and bltyltc, up to 2 [K)r cent, of Ixiryllia, The two minerals : oAnalltb, 
(B«,F«,Zn,.VIn),Si,0,,S, and heivita, (He,Fe.Mn),8i,0„S, have 13-14 per cent, of beryllia. 

Hery Ilium aluriunaUi, lb*(AlO,)„ w roprew^nted by the mineral ohrysobaryl, with 
16-20 jMf'r cent, of IxTyllia found in nver gravels along with beryl aijd phenaeito m mica 
schists, etc., in Brazil, ( eyloii, Urals, Orange County (U.8.A.), etc. It is generally a pale 
yellowish 'grixin, and is pt-incipally usahI as a gem stone; the dark green crystals from the 
Urals are calhsl alsxandflte. 'I’ho erystals exhibit a [peculiar dichroism, Ix'ing leek-green or 
etnerald-gretin by rclhsited light, and disip raspberry -red or violet in transmitt^ light. Tliey 
also ap|)ear rod in gaslight, and green m daylight The chatoyant bluish-white opalescent 
variety from Ceylon is know'n us ctU'd-tye, ami the variety with a wavy opalescence, 
tymopoana- from Ki^la, a wave, Sixliitm beryllium phosphate*, NaHePOi, is represented 
by Nrylionlta. from Mumo; it has 16-20 jicr cent, of beryllia; calcium beryllium tluo- 
phoHphate, Hei'ab'FO^, is represented by the gem-stone herderite, or allogonlte, from Maine 
and Suxtiny ; it has 16-10 jicr e«»nt. of beryllia; the rare hamllnita, or bowmanlte, which 
occurs with hf'rdcrite and bi'rtrundite, is a Iw'ryllium aluminium hv<lrotluopho»phato. The 
nativii basic borate bamb«rftt«, UeOJI HoHO„ contains about 63 per cent, of beryllium 
oxide ; and the alununoborate, rhodlzlte, contains about 10 per cent, of beryllium oxide, 
J. W. Mallet “ found the Virginian tantalo-mobate, hml 0 02 [ler cent, of lieryllta. 

The complex carbonate, tmgerite, may carry up to U 10 per cent, of beryllia 


Heryllimit* is not very abumlantly distributeii in nature, hut small quantities 
arc fuunii in a great many imnerul.s; and if it had been sjiecially sought m the more 
frequent mineral and roek analy.ses, or if some simple method of separating it from 
aluminium had been known <*arlier, it is probable that the reports of its occurrence 
in small (piantities would be. much more extensive. The beryllium minerals usually 
occur in grauitie rocks, jieryllium has also Is'en found in the zirconium minerals 
almte and cyrtoliic. ( ), Boudouard reported traces of beryllia in monazito sands, 
T. li. Phipson reported 0 dd per cent, in some aluminous schists. A. Becamp found 
a trace of beryllia in the sulpliur w'aters in the distnet of Alais. J. N. J^ockyer found 
lines corresponding with beryllium in the sjicctrum of the sun ; M. Pomier in the 
waters of Antiveille (Basse.s-Pyn'mees) ; and M. Mazade, in the waters of Nerac. 
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15.*18t 1808; .VI. H. Klaproth, Utitrdge zur chemischen Kennlniss der Minna lkor])er, Berlin, 8. 
78, 1800; A. 0. Kkeberg, Joum. Mtnes, 12. 245, 1802; K. Wohler, Pogg. .4nn , 18. 577, 1828; 
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• T. Hie)mnl.-«on, ThotMim's HectPrds, 8. 420, 18.30 ; U. S. Bomc, i6., 4. 20, 1830 • M. F. Heddle, 
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W A Tilden, Proc. Hoy. S<k , 60. 453, 1896; A. Horutrager. Nruf» Jahrb. Jlfin., 186, 1851 ; 
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berg, Pogg. t’nn., 98. 257, 1856; Zext. deut. gtd. Cea., 28. .57, 1876; H. Krdmaun, Vet. Akad. 
Stockholm, 91. 1840 ; K. Uichter, Journ. prakt. ( hem , (1), 56. 449, 18.52. 
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" J. W. Mallet, Amer. Journ, Setrnce, (3). 14. 397, 1877 ; '1. L. Plihwou, Chem. Nrxoa, 24. 99, 
1871 • A. Bekamp, Cornpt. Rend., 62. 1088. 1866; M. Ma/Jid**. th., 82. 686, 1851 ; M. Pornier, 
Jourlx, Pfutrm. Chxm., (2), 14. 199. 1828; O. Boudouard, Bull. Sue. Chim., (3), 19. .59, 1898; 
J. N. Lockyer, Proc Hoy. Soc., 27. 279, 1878. 


§ 2. The Extraction of Beryllia 

Beryllium is usually derived from beryl. Although there are minerals richer in 
this element, they are scarce and costly. G. Kriiss and II, Moraht i treated fimdy 
powdered leucophane, suspended in water, with cone, sulphurn; atdd, and separated 
the beryllium from the resulting soln. as described below. C. James and G. A. Perlcy 
also digested gadolinite in cone, sulphuric acid. Beryl, however, is usually the 
< heapc8t and most convenient source of beryllium. The metal is not usually 
extracted directly, but is separated from the silica, alumina, etc., as oxide or a 
( onvenient salt. P. Lebeau's process is perhaps the mosjb direct one yet proposed. 
He heated a mixture of beryl with half its weight of calcium carbide in an electric 
arc-furnace, and washed out the by-products with a mixture of hydrofluoric and 
^'ulphuric acids, and there remained 90—95 per cent, of the theoretical yield of 
beryllium. Reduction with carbon alone was not so satisfacUiry. Much of the 
silica volatilizes when beryl is heated in the electric arc-furnace. 

In H. Debray’s process, briquettes were made from a mixture of powdered 
l>»*ryl, carbon, *-nd oil, and heated in a stream of chlorine, when carbon dioxide, 
sihwn tetrafluoride, and iron, aluminium, and beryllium chlorides were evolved. 
U. A. Joy tried the process but did not recommend it. Powdered beryl w not 
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attacked hy atiy acid, cxccj)ting hydrofluoric acid. The mineral is usuai.'v 
heat<'d with a flux—alkah hydroxides, alkali earhonaU's, calcium or potassiui , 
fluoride, or ammofiium/luorid*'— m fjrdcr to get the mineral in a form readily attack» ij 
hy acids so as to get tin* her) Ilium all in soln. ('. A Joy tried many of these methoil 
of breaking up the mineral. The fluoride fluAcs have the advantage of readiK 
removing the excess of .Mhia as silicon tctralliioride, and C, A, Joy found that 
the trentinent with potassium fluoride and siilphiiric acid is an excellent method 
except for the cost of the m id, to which might he added the high cost of platinum 
vessels. With the cahium Muoridf* pro<es.ses. the large amount of calcium com- 
pounds introduced complications L X Vam|iiclin, (1 WvrouJiofI, J. H. Pollok. 
and (' L. IhirHoim and »S K Jhirncs usrd alkali hydroxide ; II, N, Warren, 
sodium carlionate , H. Dehray, (pm klimc , .1 (JiLson, ammomum hydrofluoride 
W. (lil)ljs, potuMHiiim hydrofliioride , 0 SchelTer, a mixture of calcium fluoride and 
sulphuric acid , and I* Leheau, calcium fluoridi* in a graphite criicihle in an eleidric 
furnaci*. L Hurgess heated the ore •with carhoii, and volatihzi'd the hervlliuni as 
chloride hy treating the pnaluct with hydrogen chloride ; H S Booth and (i, (1. Mar- 
shall heated a mixtiin* of the ( ru.slied ore with an alkali earth halide at a tmuj) al 
which heryllium halide is formed 

1 . H<'r(liier heated an uiliKiate nu\tu»*' ot janulered heryl and marhle m a high temp 
fwrmu-’o ; fl. iJeliiay ini'd a miKture(i| In rvl uml ealemm o\id(', whi<‘h virtually amount^ 
to the Hume tiling (' A Joy leund th.« erueihle was not no mueli attacked if calcium 
milptiate IS alHo mcluded m Kie mixture 'I'ht' renulting glass decomposed hy nitric acid 
(.. A. Joy alno^n.Hl fuMion with litharge, folloue.l hy treatment, with nitne acid, and fusion 
with rnaiiganes.. dioxide folloue<l hy tivutment with sulpluna! acid; hut lu* did not 
recemiiK'nd any of these processes 


According to ( A .loy,- the Is'st o'sults an* obtained hy fusing an intimate 
mixture of powdi'red her) Iwithtwieeitsyvi'ight of potassiiimearhonate. H X. Warren 
list'd sodium carhonute as a (lux; and C. A Jov tried a mixture of Bodium and 
potassium earixmates. An e.s.stmtially similar method of op.ming ui) beryl was 
emnloyed by (1. Klatzo. L. F. Xilsou and 0 1‘ettersson, 10. Hart, (^1 Barsoiis etc 
L. N, Vautpielm fused the powdered mineral yyith three times its yy.‘ight of potassium 
lydroxide ; (t. M yroubolf, and (' I.. I’ar.sons recommended the same ojiemmr auent 
A silver, niekel, or iron erueihle eari he used The poyvder.xl mineral is fused with 
sodium carbonate m a tiretlay erueibh* and (In* molten mass poured out to cool on 
an iron ]|Iute. Ihe powd.'nxl mass is washed with water to remove soluble alkali 
salt«-a little herylhum is lost at tin* same time. The r.*sidu(> is tr(‘ated yyith an 
excess of sulphuric mud. The soln. is ey apor.yted and heated on a sand-bath until 
the acid begins to fume. The cold residue is extracted with liot wat(*r. and th.‘ 
inaoluble silica rejt'cted The mother liijuid is evaporated until alum begins to 
erystalUze from the soln ; on standing, a large proportion of the aluminium seiiarates 
as poUsh alum Beryllium forms no alum The iron in soln. is oxidized with a 
little potassium e lilorate or nitric aeid A mixtun* of aluminium, ferric, and 
berylluim hydroxides is then precipitated by adding a slight excess of ammonia 
Hj'yend methods are now available for separating the alumina and heryllia. 
H.^1 S Britton found a l)i) per cent .separation <»f alumma and hervllia is pos-sihle 
iiy a ervstallizat loii of tic* former a.s pota.ssuim alum. 

According to II. (’opaux’s method of w'pmrttmn. the finely puwdcird nmieral in heato.1 
Ht SOO for halt im hour with twice its weight of ^cKllum lIuoMhcrtie The product, which 
oomusts of and the double t uoridcs of sodium and ahummuiu and sodium mid Ixrvlimm 
18 cxtroctwi times with boiling water. Ihe extract la tilUrt'd, and to the filtrate 

boiling ao. sodium hydroxide is added in shglit excess. The oxide of heiTlliuin precipilaU>d 
along with a little alumma and aihea, i.s dissoU.d m sulphuric mud. and IxTyllium sulphate 
cr>'stallixo8 out on coiicent rating the soln. In this way 90 j>er cent, ot the la rylhum m the 
beryl is reooveriHl hot the wtimation of la-ryihum m la«ryl, 6 grma. of the iK>wdemI 
mineral arti tree ml as above with 20 gnus. «t sodium tluosihcatc The precipitauon with 
sodium hydnixide u omitted and an aliquot portion (,‘100 c e out .a 1 hire) of the HItered 
aq. extract is ova|)orated with sulphuno acid imtil white fumes appear 'Ihe residue is 
treated with water, and an excess of ammonia is addl'd. It the prtH-ipitate contains a 
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,u)tiM«We quantity of iron it w rodimolved in act'tio iM'id and tho iron rpinovwi by luoMUi 
<>{ nitro«o>^-napht^oi. The Hitrate is boiled and iiukle alkaline urith anunonia, and tihe 
precipitate is ffltered oflf, dried, ignited, and weighed. Any wlica prest^it is removed by 
Ireetwent with hydrogen Buoride, and the alumtntuni and ben Ilium are separated by fusion 
with sodium carbonate, etc. 

(I) L. N. Vauquelin • found that while amtnuniuin carbamate precipitates both iiietaJs 

hydroxides or carbonates, the bervlha alone dissolves in an oxcohs of that rea^i«nt, 

\ Zjininerrnanu showwl that the pres«>nee of animoniuni ehlorule favouni the (u.q>aration. 
rhiH reaction has boen studietl by A. Joy, tJ Scheffer, A llofmewter, F i'oc^ykn8ky, etc. 

T S<‘h(H*n'r showed that the small quantity of iron dissolvtHl by the aminonmiii earboiiatc 
m)1b ctui bt' precipitated by ammonium sulphide (2) J J. Herrelms, and ll. Hose foimd 
that w ith a Imiling soln. of on ammonium salt, b«“r\ Ilia goes into soln while alumina rtuiiains 
insoluble. This reaction has bt'cn studied by A H«>fineister. K Hart, and J We'eren. 
i.t) i’ Hen* noted that both aliummurn and U-rv Ilium aiv pncipilatiHl by methyl- or ethyl- 
lunine. but alumina is alone dissolviMi by an exeess of tin- pncipitant. tJie IxTylha rt*mam- 
Kig uisoluble. In 1880, C. Vincimt reconunendol dimethylamine for the samo piirjHwe. 

4 ) f Ht^asler found that in tho prestmee of citne ai*id, b<»ryllia is alone pitHUjulatwl by 
aimiiomum phosphate. (5) Accortbng to H Hota\ (o) tartaric acid, and other orgame aiMiis 
whieh n'tard the precipitation of iron and alutumnmi hydroxides, have no intluence on (he 
tM'rvIhurn salt ; (n) a boiling soln. of mxlium acetate pnvipitats^s alumina but not berydlia ; 
(r) barnuu carlKinaie piXHupitates aluuuna from a neutral soln., whil<‘ tlie IxTyllia ri'niains 
dissolved (0) N. Vauquelin, C'. (i. (Jinelin, and F. 8chaffgotM*h hIjouihI that a eold soln, 
of potartsmm hydroxide dissolves both aliunuia and beryllia ; (h»‘ former r«‘mains dissol\>Hl 
when the soln. is Ixuled, and the beryllia is precipitated. The reiwtion was studied by 
(' Joy. J Wts'rcn, and L. A Aars. (7)1* Hertluer found that sulphurous amd or ain- 
tiiofiiuin Hulphito dissolves the hydroxides of l»oth met iU.s m the cold, but when the soln. w 
heated, alunuiia is pri'cipitatcd while the ben Ilia reinams in soln H Hottinger showed 
(hat the method is unsatisfactory, though H. Ulassmann n‘discov«*nsl the iltscardi'd iiroeesa. 
f't) Joy found alumina is alone pnvipitatcil by boiling a neutral soln of ahmiina and 

beryllia with sodium thiosulphate, but the results weje jwior (U) F 8 Havens found that 
alununiuin cldorido w not soluble in a soln. of hydrogen eliloride m druMl ether, while 
b.-rvlhum ('lilondo dissolves therein J. H. Pollok showed that the ether ean be omitted, 
ami iho a(| soln. sat with hydrogen chloride (lb) According to H D -Muuug, a Holii. of 
rti'cfvl chlori<le in acelono precipitates aluminium < hluride as AK'l, 0H,t), while iron ^d 
b. ry Ilium chlorides remain m soln (II) F. Halx-r and (J vanOordt dissolvisl basic l>ery Ilium 
acetate in cfiloroform, leavmg the ot'etates of iron ami aluminuim unduwolved. 
^12) C. 1. I’arsoiis and W. O. Kobmson s<*para(e<l basic beryllium iwetato fiom tho otlmr 
Hi etates by moans of its ready solubility in hot glacial ocetio acid, and ito msohibility in that 
reagent wle-n eold. (13) C. L Parsons and S. K. Hames aeparati'd bcryllmm hydroxide by 
\irfue of Its solubility in a sat soln, scKlium hytirogcii carbonati*, and the lUHolubility of 
iron ami aluminium hydroxides m the aamo menstruum Tho reaction was studiwl by 
F, Hniii and tJ. van Oordt (11) W. (Jibbs suggosbsl the use of sodium (luorule to separate 
quantitatively alumina and beryllia, and J. H. i'ollok showed that tho wi*iirntion is exceed- 
ingly sharp. (16) L. K. Hivot proposed to separate iron from alumina and beryllia by 
reducing the iron oxide by heating the mixiHl oxides m a si ream of hydrogen ami dissolving 
out the metal with dil. nitno acid ; J J'. Cooke propos#y| to volatilize tho reduced inm m a 
stream of hy'drogen chloride, arul 1*. S Havens an<l A. 1*. Way showed that the pri’liminary 
n*duction by hydrogen IS not necessary. (16) M Kchlcir, F A Atkinson and F F Smith, 
and U HnrgHss*showe<l that iron can bt* quantitatively separated from IsTyllium by means of 
nuroso-/f-naphthol. (17) P. IxjIkmiu prf'cipitabsl the mm in a nitric i«.ud soln. with potnaHiiun 
fcrrtM yanide, tho excess of ferrocyRnido with copis r nitrate, ami the e\c<*s8 of copper with 
liydr(»'gen sulphide. (18) H Hebray dewloixsl a st'paration dep«‘ndent on Hie action of 
/ine on the mixinl sulphates precipitating the aluminium as a basic siilphaU*. 'Hie reaction 
was sfuiliiMl by (i. Scheffer. (Ifl) E. Hart wparaUxl most of the iron an*! aluminium from 
the beryllium by tht* fractional pnx-ipitation with wsliuni carbonate ; the great solubility 

of l>cr\llminasoln of its owm sulphato cauwxi it to be tlie last to prci ipitule 120)<J Wyrou- 

fs)ff precipitated bcryllmm from its soln. m hydrochloric iw-id as a double oxalate with 
(Kitaasuim ; tho ahmunmm and iron n^main in soln. (21) Aeconlmg to 1*. E. Hrow'ning 
and S. B. Kuzirian, beryllium and aluminium nitrated are diaaolvixj m a little water and 
ImiliMi with amyl alcohol until the water has all evaporatwl . Hie Imrydlmm nitraUi dis»olvo«, 
the aluminium nitrate remama insoluble. (22) By boating the mixe<l acetabw to 160’ ^70^ 
at 19 mm. preM.. beryllium acetate dublim««, iron ami aluminium acetate's .lo not. (23) Ac- 
cording to (i. van Oordt, aged berydlium hydroxide liecomes insoluble m dil. doln. of acids 
and alkalies so that iron oxides can be extracted by the former, aiel alumina by tho latter. 
\2i) M. Wundor and P. W'enger fused the mixtun- of IsTyJlia, iron oxide, aJuimna, and 
chromic oxide with sodium carbonatei for 2-3 hrs When (he eold mass is extractexl with 
water, the aluminmin and chromic oxidad pass into soln. Tho iron ami Is'ryllium oxides 
can then be separated by fusion with potassium hydrosulphate ; and the iron jirecipitated 
from the aq. soln. of the cold cake bv poiassium hydroxide ; and the filtrate, acidilied, is 
treated with oq. teimonia when berylim is precipitated (26) (J Wyroulwff found that tho 
VOL. IV. ** 
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double oxalate SKjC'tOf ie only gpAnngly soluble, while the double oxalates of 

iron, aluminium, and chromium are nearly twice as soluble. (26) A. Classen electrolyzed an 
anunonium oxalate soln. of iron, aluminium, and beryllium ; the current can bo regulated so 
that tlio iron in reduced, and the alumuinun precipitat^ni as hydroxide by the ammomuni 
carbonate produceil while the lj<‘rylhum remauiH in soln. (27) R. E. Myers precipitated 
iron in a men ury cathodi' by the electrolyaw of a mixed slightly acid soln. of the sulphates 
of iron and beryllium 

The j»fo<‘(‘diire rccdiiiniended by 0. L. Parson.s is to saturatii the neutral soln. of 
alurriiniuni, iron, and biTylliiim salts with crystals of sodium hydrocarbonatti ; warm 
the liijuid for 24 hrs , and to shake frequently. .Mo.st of the }jei;\'Ilium passes into 
soln , while the iron and aluminium are precipitated (x)mph'tely if other salts be not 
present. Ry dissolving the residue left after filtration and repeating the treatment, 
practically all the beryllium will be found in the hydrocarbonate soln. Add 
ammonium sulphide to remove any dissolved iron, and dil. the .soln. to five times its 
original volume. By blowing steam through the soln. until it has reached its h p., 
the. beryllium will be all ]»ree.i]>itat-«‘d as a granular basic carbonati! easily washed. 

1 he precipitati' has about 2 per cent, of ocebnled alkali which can be removed bv 
re-solution in acid, followed by precipitation of bervllium hydroxide with ammonia. 

To get rid of any rare earths, if such be present, (1. Kriiss and H. Moraht dissolved 
the beryllia in hydrochloric, mad, neutralized with ammonia, added an excess of 
ammonium oxulab-, ami then sulluaent dil liNdrochloric acid to dis.solvi' the fioceu- 
leiit precipitab- of beryllium oxalate. The oxalates of the ran* I'arths remain 
insoluble Tb** soln. can be drop{M‘d into one of ammonuim carbonate contain- 
ing an excess of ammonia and ammonium o.xalate and the liitrate treated with 
steam for the precipitation of basic, beryllium carbonati*. The hydro.xide or basic 
carbonate can be used as n starting-point for the prej.aration of other beryllium 
compounds. 
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§ 3. The Preparation and Properties of Beryllium 

.Vlidut ton yoar.8 aftor L N. Vau«ju«‘liirs iliscovi-rv of horyllia, JI Davy * tried to 
n <lii< e this oxide {a) by fu.sing it in a elay efiK ible with iron fihn^w and potawaiuin. 
obtaininj? a Hemi-malleahle met.alli(', imiHs whieh \\a.s harder and whiter than iron , 
.Old (h) i>y heatinj; it in a |ilatinutu tuh«* in tlie vapour of ptita.s.xiuni. Ho obtained a 
p\ nnihonc dark j^rey eontainiiiir “ small inetaihe partii les which were a« soft as 
potas.'iiura. but so sniull that thev eould not be iiioi>‘ minub'lv examined, as they 
mnlti'il in hoiliiiK naphtha ’ It is thus very uncertain whether H Davy sueeeeded 
in i.Milatimi the metal ben Ilium In 1812, F. Stromexer also elaimed to have 
>ii( et'ed('d in alloying (he metal witli ironbv melting' in a elosial erueijile a mixture of 
larxllia, carbon, and iron made into a paste with linsei'il oil. It is doubtful if 
K. Stromeyer'.s elaiin was justified by the results 11 N Warren claimed to have 
reduced bervllia in a stream of hydrogen in thin tubes of lime, heated by the 
Dxy-hydrogen flame. 

The prepunition of lnrylhutn by mlucUon with metoh F. Wohler reduced 
Imtv Ilium ( hloride with pota.S‘<ium in a platinum erueihle. and for the first tim(* 
iihtamed the metal, whieh he ealh'd l)er\ Ilium, as .i dark grey ]>owder Shortly 
nftt rward.s, and indeperidt*iif Iv. A A H Bu.'<sy prejiared tin* metal, which he called 
jliK mum, I'v a process simil.ar to that emj)h>v< <l by F Wohler. H Dcbray sub- 
stituted .sodium for ])ota.s«itiin, and jutssed the vapour of bcryliium ehlonde over the 
molten metal , .ind m 18ti7, M M/uiut exhibited a sample of bervUitini at the Paris 
I'Ahibition ; he prepared it hy (lie adion of sodium on a mixture of beryllium 
I hIori(h‘, and the double fluoride of bervlimm .and potassium, heat^al in an aluminium 
< rueible, .1. E. Kevnolds, and L K Xiison and D IVlter.sson rediuM-d the chloride 
with sodium ; and T S llumpidue olilainrd a metal of jiercent. purity by this 
means J. II. Pollok also produced th.- metal hy reduemg the chloride with sodium, 
hut he was unable to fu.si* together (he dark grev powder, beeauiw*, said he, the metal 
(irobably volatilizes witlioiit p.-i-ssing through the liquid statx* M. A. Hunter 
heated the chloride in a hoinh with .so<liijm G Kruss ami H Moruht rerlueed the 
'loiihle fluoride of hervilium ami potassium hv sodium, and obtairasl thi* metal in 
le-xagonal |)late.s. C.'W'inkler clamu'd t<» liax-* n-dueed the oxide hy magnesium, 
■ind H. (jioldachmidt, hv aluminium, but both methods an’ unsatisfactory. G. Kruss 
and H. Moraht used an excess of magnesium and freed the lx*rvllium from nuigueaium 
and magnesia by boiling the product for .i long tune with a soln of amim^mium 
' blonde. K. A. Kiihne proposed to use the chlorat-<‘s oi*fM'rchlorat<>M in the mixture 
with H. Goldschmidt's process. 

The prrparaiion of btryllium by eledrolyttc procejtaea. — H Davy heaf<‘d an iron 
wire to whiteness bv a battery of KXX) plates, and while negatively electrified fuss’d 
it in eonUct with l^eryllia slightly moistened, and in an atm. of hydrogen gas. He 
thus obtained an alloy of iron and beryllium. In 1831, A. C. IVcquerel thought be 
had reduced a .Holn, of bervllium chlorid** mixed with a little ferric chloride to make 
it conducting ; and, in 189.'), H, Warren stated that he obtained the metal by the 
electrolytic reduction of the bromide, wdth a current of 12 volts and 8 amps, but 
the bromide is a non-conductor. In the same year, W. B<jrchers proposed to 
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ekctrolyze a molten mixture of beryllium chloride and an alkali chloride or an 
alkaline earth chloride. The mixture was made by evaporating a soln. of the two 
ohioridelf mixed with a little ammonium chloride to arrest hydrolysis. Calcium and 
zna^eaium chlorides should be absent. No statement of the results was made 
L. F. Nilson and 0. Pettersson electrolyzed a cone. soln. of the chloride with a 
mercury cathode but obtained no amalgam. P. Lebeau proved that the molten 
beryllium halides do not conduct electricity, but in the presence of an alkali fluoride, 
the soln. readily conducts the current ; he developed a simple and easy process for 
producing the metal almost free from foreign admixtures, by electrolyzing the molten 
double fluoride of beryllium and sodium (or potassium), BeF 2 .NaF, m a nickel crucible 
heated over a liunsen’s burner. The salt was made by fusing eq. amounts of the 
component fluorides. F. Fi( ht4T and E. Brunner have emphasized the need for 
thoroughly dehydrating the mixed fluorides by fusion to a clear glass and removing 
the scum, More the electrolysis. A current of amps, and 35-40 volts was 
passed and the source of heat removed. The nickel crucible served as negative pole, 
and a graphite rod as positive pole. During the electrolysis, the heat was main- 
tained just a little above the m.p. of the salt; and the metal was obtained in 
hexagonal crystals. According to F. Fichter and K. Jablczynsky, if the temp, of 
the bath riws too high, an alloy of nickel and beryllium is formed. The metal is 
isolated from the fused mass by dissolving the salts in water, and the soln. is pre- 
ventfid from becoming acid by the addition of ammonia, and the repeated renewal 
of the water.^ The crystals of berjdlium are freed from admixed oxide by 
centrifuging in a mixture of ethylene dibromidc and alcohol— sp. gr. r95. The 
snuill crystals so obtaiiu'd cannot be melted together under ordinary conditions 
owing to the coating of oxide preventing coalescence ; it is necessary to form cylinders 
by compression, and then heat them up in an electric vacuum furnace, or in one 
containing hydrogen at 11-15 mm. P. H, M. P. Hrinton used a similar process. 
F. hichter and K. Brunner used a tungsten tube vacuum furnace. By a similar 
method of preparation (1. Oesterheld obtained a metal with 99-5 percent, beryllium, 
and stated that the principal impurity is beryllium carbide. A. Stock and H. (lold- 
schmidt made the compact metal ’by the electrolysis .)f a fu.si'd hath of an 
alkaline earth fluoride < ontamine a bervllium compound 

Ri. (tnit/’.el e Use t roly /.c«t a molten Moln of the oxide m the chloride (»f an elect ropositivo 
metal say ealemm. He luwiumeil that- Ihe caleiuin hherated at the (‘athode reacted with 
the Is'ryllia in soln. foriiung the metal. I, Liebmann reduced a Ix'ryllium mineral by 
elactrolyHifl betwiM'n uiemllio eleetnides in the pix'senee of tiuorine or ono of its eornpounds, 
either alone or with the addition of a haloi'«'n eompound tif an alkali earth. When a reducing 
iigvni, such OM earhon, i.h added to the above mixture. and it h expO‘ 4 ed to a white heat, or 
to that of the eUx’trio curix'nt, the iK'ryllium earhide developixl may, if nixieBsary, be 
decorn{)OiK>d by suiUblo admix tunv'i. 

Beryllium mct^il has a dark steel -grey colour, ami the crystals have a bright 
metallic lustre. Act'ording to P. Isdieau.- tlie crystals jiroduced by electrolysis are 
hoxagoual lamelhe, while, according to \V (’. Brogger and (i. Flink, the hexagonal 
crystals are holohedral, and an> prismatic and tabular, with an axial ratio a ; c 
-»Ir 15802. L. VV. McKeehan obtained the X-radiograin of the hexagonal 
crystals which resetnhles mon' those of the elements magnesium, zinc, and 
cadmium, than those of thi* alkaline earth metals. Here a ~ 2 283 X 10~® cms., 
and c/d— W. L. Bragg gave 0115/i/i for the radius of the at. spheres of 
beryllium. Bt^ryllium is lighter than aluminium. The speciflo gravity of the 
crystals produced by electrolysis, according to P. Lobeau, is 173 at 15®; and, 
according to T. S. Humpidge, those produced by the sodium reduction process have 
a sp. gr. 1’85 at 20®. F. Fichter and K. Jablczynsky found a sp. gr. 1 842. Several 
of the early reporte of the sp. gr. of the metal referred to impure metal— H. Debray, 
for example, gave 21 ; L. F. Nilson and 0. Pettersson, 1’64 ; and J. B. Keynolds, 

2 0 to 213. F. Fichter and K. Jablczynsky say that the n'gulus of metal has a 
hllltTl6tf between 6 and 7 on Mohs’ scale, and scratches glass at ordinary temp. ; 
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luTvllium i« brittle, but at a liigher temp, it ia ductile, and it can be hammered, 
forged, rolled, and polished. 

J H. Pollok said that in an inert atni the metal volatiliw's without fusion, but 
I,, F Nilson and 0. Pettersson claimed that the metal can Ih‘ fustnl under press, 
ik>th statements give a wrong impression, for F Kiditer and K. Jablcrvnsky found 
tliat the meltinE-POUlt of the metal is 1280^^ ±21.)" at ordinary press, ; (}. Oesterheld 
placed the m.p, of the metal at 1278^ H. Debray s statement that the metal 
juelts at a lower temp, than silver is therefore wrong. W. Uut'rtler and M. Piraui 
^i\.‘ IdUO*" as the best representative value. F. Fichter and E. Brunner added that 
t he metal readily volatilizes at 1530"', under 5 mm. pit'ss. in hydrogen, tl. (X'sterhtdd 
made an approximate determination of the heat of fusion by comparing the duration 
of the arrest when equal volumes of gold and beryllium an? cooled under similar 
( uiidilions, and found 271 cals., wiule Crompton’s rule (At. wt. Xht. of fusion 
- absolute temp, of fu8ion=2) gives a value 341. Beryllium has the largest heat of 
fusion of any metal, and this corrt^sjmnds wilh its high m p. and low at. wt. The 
specific heat of beryllium has attracted some atUmt ion, (i) on account of its value in 
detiTimning the at. wt. of the element, and (n) on account of its abnormal value at 
ordinary temp., as is the case with boron, carbon, and silicon. J. K. Reynolds found 
the sp. ht to tx' 0 (J42 at 1(K) ' ; L. F. Nilson and O. IVtU'rsson calculated the sp. ht. 
of the pure metal to be bet\V(‘en 0 dUfiO and O'ftKtf) between 0’ and 40*3“’ ; 0’4242 
In tween and ; 0 47.’)() between O' and 2I4‘0"' ; and 0 rH)5r> between O'" and 

2*Ji) J. R. Reynolds attributed the difiereiice betw«*en his resijlts and those 
of b F. Nilson and 0. PetterH.son to be due to the Iatt4*r having used crystallirie 
nu tal while he U84'd amorphous. T. S Ifuinpidge found the sp ht. of a specimen 
vsith I 71 per cent, of beryllia, 132 per cent, of iron, and a trace of siluon to b<* 
0 I'ilfi, from which he calculated the pure metal to have a sp. ht. of 0 4403. Another 
sample with 9{) per cent, of beryllium, 0 43 per cent, beryllia, ami O o? per cent, of 
iron, calculated for 100 per cent beryllium, is 

(0 mo* 2 «Ki” :it) 0 * ICO" .MMi* 

Sj) ht , . 0 3766 0 4702 0 5420 0 6010 0 6172 0 6206 

The sp. ht. thus remains practically constant at O il2, between KX)" and r>(X)‘", and 
T. iS Humpidge represents the relation between the sp. ht. and the t^'inp. (?, by the 
empirii al formula C—O'dToG-j-f^ — 0’(X)0001I4^*. J. Dewar found 0’t)137 for 
the s{t. ht of beryllium at the temp, of bijuid air; and i) 123 for the at ht G, N. D*wis 
mill co-workers found the atomic entroi^ at 2.3 and 1 atm. press, t-o be 31 8 

K Thalen ^ first .stuilK'd the spectrum of berylbum, and found it to be characOT- 
i/.ed by lines of equal intensity, one 4372 0 in the blue, and another 4488 3 in the 

I I Ben/Umm' 

'Tl 

. . , , . . ..... ... ., , „.1 
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indigo, although K. Bunsen said, in 1876, that neither the spark nor the flame 
spectrum of beryllium shows any specially characte-ristie lines. The spectrum 
of beryllium is |K)or m lines. W. N. Hartley studied the are spectrum 
of the chloride, and found in addition to R Thal^n’s two lines, 3320*5, 
3130 2, 2649 4, 2493 2, and 24777, the second Ixdng the strongest and most 
persistent; he also found that the lines 31302 and 2477 7 are still visible in 
»o1d. of beryllium salts when the cone, has fallen as low as 0 00(XX)1 per cent, 
H. A. Rowland and R, R. Tatnall found the most promintmt lines lx*twe(m 2RX) and 
4600 to be 2348*697, 2350*855, 2494 532, 2494*960, 2650*414, 2651*042, 3130*556, 
3131*200, 3321*218, 3321*486, and 4572*869. R, A. Millikan measured the spectrum 
m the extreme ultra-violet. According to W. N. Hartley, lM?rylbum oxide is reduced 
111 the oxy-hydrogen flame by a purely chemical process : BeO-f-Hf^Be-f HjO—97*4 
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ObIm. The oxide w not fmihle and not volatile under these conditions, so that the 

spectrum with the oxy-hvdrof'en flame js due to the vapour of the niet;ii 

C. M. OlmnUid studied the hand spectrum of beryllium chloride. L. C. (ilu-< r 
found the structures of the band spectra of herylHiin) and aluniinium are shnilur 
J. Vormanek found that when a sola, of the chloride is treated with alkanihi 
tincture it (.nves a «trong oranee-red ffuonsceDCe, and f'ives three absorption band.s 

J. L iSofpt found fioln of tfu* rhloride ^ivc no absorption bands, and only a feeble 
bluish rtuoreseenc**. VV Crook^ .s obtained a beautiful blue phosphorescence, but 
no spectral rays, by exposing beryllia to the cathode rays in a vacuum tube 

K. Kutherford and .1 Chadwick obtained little, if any, evidence of the emission of 
long-range particles, detected by the scintillations on a zinc sulphide screen, 
when a particl68 pass through beryllium. .1 McLennan and M. L. Clark 
found ItlOund 2H‘0 for the < ritical voltage.s for the L-S(‘rie« of X-rays of wave- 
length A 7711 7 / ll)-^ i iiiH. and 42H^1 / 10' ^ ems respectively. 

It has been stated that beryllium is a l)etter conductor of electricity than copper 
or even silver. According to F. Fichtcr and K Jablczyusky,^ the specific electrical 
condactlvity IS T) 11 X 10* ree ohms. Wli**n bervlluini is used as anode in a soln. of 
sodium ammonium phos[diatc, it acts as a rectiiicr similarly to aluminium. S. Meyer 
found it^ magnetic susceptibility to be H)71) at Lr. F. Pascal has found the 
at. coelf. of magnetization to l»e - ll'lxlo' units. A. Cuiither-Schulze studied 
the electrolytic valve action of IsTvlImm m mj salt soln. 

Herylliuni,is slightly le.ss basic than magnesium. B. Brauner ^ sums up tlic 
clu’inical nature (A this element symbolically by stating that in their chemical 
properties, Si ; Be Be ; B , and Li : Xa Be : Mg- B : A1 ; and Si : Mg=Be : A1 
--B:Si. Ac<;ordmg to II Dcbray, beryllium does not combine directly with 
hydrogen, although (' Winkler thought that he had made .sorne, henjllium hydride 
by nalucing beryllia with mugnesmm in iin atm of hydrogen. About O lk'i per cent 
of hydrogen was retain<*(l by tlu' reduced pnxiuet P liebiaii ciould not prepare a 
hydride under the.se (smditituis. According to F. Wohler, beryllium is not oxidized 
in uir at ordinary tM'mp.,but when beryllium is i^^nited in air, it burns vividly, forming 
a whit-e earth, and in oxygen, it burns very brilliantly, and the resulting oxide shows 
no signs of fusion ; if the metal is eontamiuut<'d witii the hydroxide a llanie appears 
iw the metal burns in iixygen, the tiame is due to the burning of the hydrogen 
liberat'd by the deeonijiosition of the liydro.vide. A. A, B Bussv found that 
beryllium o.xide, BeO, is pr«)dmed b\ the oxidation of beryllium Incited in an open 
(Tucible, but the oxidation is a slow proee.ss. Ber\ Ilium is jiaid to be as durable as 
atuminiurn on exposure to air. Aeeordmg to P. Leheaii, the metal is not alU*red by 
exposure to dry ftifi ()r to oxygen at ordinary kMiij)., but if finely divided, it burns 
if heated ueee lui vij eclat ; tlie temp of ignition varies with its state of subdivision 
1 he finely divided metal gives brilliant s[»arks when projected in the flame of a 
bunsen burner. According to H, l)t*bray, the compact metal does not iutlame when 
heated in oxygen, but beeomes covered with a thin protective layer of berydliuiu 
oxide BeO. without further change . F W ohler. L. F. Nilson and 0. Pettersson, and 
J. h. Reynolds stated that bervllmm is not changed by hot or cold water. The appa- 
reift inertness of the metal to wat<*r is dne to a proki'live film of oxide. The truth is 
that it is but slowdy attacked by cold water, and slowly converted into the hydroxide 
by bmling w'ater. Acconflng to P. Lebeau. berylbum combines easily and directly 
with fluorine, chlorine, and bromine, and with rather more difficulty with iodine*; 
both K Wohler and H. Oebray not»‘d that t'ombination readily occurs when the 
metal is heated in iodine vapour P. Lebeau fouud that beryllium is violently 
attacked when the hydn^pen hklldegast's are possi'd over the heated metal; gaseous 
hydrogen chloride acts on the slightly warmed metal. Practically all the earlier 
observers — F. Wohler, etc. — noted that beryllium is rt'adily attacked by dil. hydro- 
chloric add, with the evolution of hydrogen. F. W’ohler stated that when beryllium 
is heated with sulphur, selenium, or tiuunum, the sulphide, selenide, or telluride 
respectively is formed. F. W’ohler and others noted that the attack by dil. sul- 
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phnric resembles that by dil, hydrorhlorie aeid ; P. Lebeau found that with 
,on*- ^ulphu^ic acid, the metal readilv dis.M)ives. and the acid in easily rtHluocd to 
sulphur dioxide. According to F Fiehier ami E Brunner, heryllmin absorbs 
nitrogen when heaW above IXH.) , and a siirfa<e lu\er of In-ry Ilium nitride, 
btrined. The mtride is mon^ easily formed b\ heating the metal in anuuonia gas ; 
l.ut IS not dissolved by aq. aniiiionia. F Wtihler said that the metal he jtnquirt'd 
dl^M^lved by cold dil. nitric acid ^Mth the e\oliition of nitric oxide ; that of 
ii Dfhray di.ssoived with dilliculty in iMuling cone aud , and that of P. la'beau 
vmlv superticially attacked by the cone aeul Acioniing to F. Wohler, bcryl- 
Imm M attacked \vhen fused with phosphorus or arsenic, forming respe* lively the 
j.hohjilnde or arstmide. P. L(d»euu foiiml that ber\ Ilium unitea directly with Carbon 
.it a high temp., forming beryllium earhuh*, Ih-^C A< ( ording to A. (’ahours. ))eryl- 
limii rej.lac-.s the iodine in methyl iodide and ethyl iodide, forming }>^rylUuni rniinjl 
,iiid ht rtflliuni rt/iyl ; and. according to V. Law roll, it also n-placcs mercury m 
mercury methyl and mercury propyl, fornrmg rcspeetivi ly bi ryllium methyl and 
tHiqilnnh propul. P- lA'beaii found that Imtx I lium umt<s directly witli bOfOll and 
Slhcon in the eleetric are-furnace. <1 Raiiti r found that when tlu* powdereti nudal 
b li» ated with silicon tetrachloride m a .valed tube ford lirs at 21t» - . a mixture 

,.t' bi r\ Ilium I liloride and silicon is formed, together witli .some ber\llmm ami uii 
iIm iim|Mi,si‘d .silicon U'tracbloride. F. \Nohh‘r and others noted that la*r\ Ilium is 
.iitac kvd liy an aij. suln of potassium hydroxide. A miml>er of allots of ber\llmm 
\uili other metals ha\e lieen reported seealho.s of Ihtn I lium, magnesium, /.im*. 
,ini| cadmium, 

»' L Parsons'* has ciiijdiasiwd what he (mIImI “the vagarie.s of iaTvllium. 
ui. amng “ the.v |»eeuliaritie,s of the element wliuh stand out prummeutly as 
, har.i. fcnslie of itself. ' it lues b.'eii said, probahlv with truth, that t)i.‘ literature 
r<t iMiirgaiiie ( hemi.strv i.s <>verburdciic<l with com])ouiids wliicli have no actual 
cxMmac. imt which have (ditamed their place and heeii a,s8igned forimibe simply 
Irnm tiic analy.sis of solid phases mixed < r>.stals. residues of eva}>oration naletimte 
uuiiimv precipitates, etc obtain'd under \ unable umditions and without other 
.i( tempt to prove th.'ir mdividiialif v , and <’ b Parsons elaims that the beryllium 
I imipoiimis are a .striking illustration. The balid'-s of beryllium exi eptmg jierbaps 
th' liiiuride.s are immediaUdy hydrolyzed iiieoiitm t with water , they are even moni 
•M iisitive than the lorresjionding .sail.s of aiumimum i>\ (ureful mamjMihilion of 
the ev.ipuration re.sidues, .sub.staiu'e.s of alnm.st aiiv degree of basicity can bv; pre- 
p.ir.-d, Tliesc arc jxi.ssibly all mixtures of ba.M* with the normal salt , but analyses 
hav given rise to claim.s for numerous oxylluorides and oxy« blondes Kew normal 
Nih.s of 1 lie non-volatile acids have been mad.* The sulphate. N*lenate. and oxala^- 
form aq. soln , which aj.j.roach soin of the a. uU l h.*ins.'lv.‘s in attacking the imdals 
or < .irbonates. liberating livdrogcn or < arb.m .iioxi.le respectively, and reddening blue 
litmus The .soln of the salts dissolve larg.* qiiaiitilies of the hydroxide, and . yen 
Th.'ii the .soil) attack metals ami the . arhoiiutcs vigorously. The normal salts o I 
fie* volatile acids carbonates, siilphite.s, and nitnt.s cannot be made m aq. min , 
but many are j.reiiarc.l by dinct union of the oxides. or by jirci ipitalion from a<o 
holm soil, The normal borates, lodates, . hlorates, bromat<*s, phoH].hat<*H, chroiimtea. 
and u. etat 4 ‘.s have not been obtained Many boMc salte have been obtained by 
heatine cone soln of the hvdroxide in the normal sail? soln. along with beryllium 
carbonate The basic precipitates arc probably solid soln. of variable composition. 
De* action of water on the compounds of b.Tyllium is gn*atly modiiied, as is the cm* 
Hiih magnesium, aluminium, etc. bv the entrance of another element into e 
Miolr. ul.; many dnuUn aalUi liavc Ian. . ryaldl.a-d fnnn a.), w.ln. m wWI- 

■ l. fiiipil I rvstals under conditiona wlierc tin; normal milt lould mtlier not be obtained 
at ail. or obtained only with difficulty- -c.y. the double l arbonatc-s, chlondcfl, nitrates, 

auijihites, and iodides . i i , 

The soln. of the hydroxide in the normal sulphate, nitrate, or chloride are 
hydrolyzed than the corresponding salte of aluminium and iron , while the hydroxide 
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CBii bff pBrtiully' rctnovt'd i>y Jiito wiit^’r, thore is littl© evidence of & coliouial 
ioin. Th rc ar** no hi^hh ot thr loriniitioti of coiuplox salts. This is supposed to 
A ewie of th^ Hutiplr Holn of a siihstatn o (berylluim hydroxide) in a mixed Bolvi‘iit 
(water and normal Halt) j/i onr of whirh alone (water) it is insoluble ; for the hoJuJ. 
when once (linfujlved, aetn an a aolvent (or its own oxide or hydroxide. 

SiiCtiOlU Ot Bnsdytiail illtere8t,~-The reactions of bervllium salts are in niany 
respects like those of aluminium ; they do not give preci])itate8 in the hydrochloru 
acid or hydrogen sulphide groups, but, as T. J. Pelouze ' has shown, a mixture of 
ammonium hydroxide and ammonium sulphide gives a w’hite jirecipitate of beryllium 
hydroxide, 13e(()ll),, similar to that of aluminium hydroxide ; hydrogen sulphide 
is at the sarno time evolved, and the precijiitat^* is insoluble in an excess of the 
precipitant, hut readilv soluble in hydrochloric acid, forming a yellow soln. whose 
colour disappears on dilution. Similar results are obtained with aq. soln. of the 
alkali salpUdefl. A soln of potassium hydroxide or of sodium hydroxide- gives 
a gelatinous pn-cipitate of bervllium* hydroxide readily soluble in an excess of 
the reagent, but not in aq ammonia : He(OiI) 2 d 2 K()H?=^Be( 0 K) 2 d- 2 H 20 . 
Unlike the corre.spomling soln, with aluminium hydroxide, the soln. is decomposi'd 
hydrolytically on boiling, and the beryllium is re-preeipiUted as hydroxide provided 
a great excess of the alkali hydroxide Im‘ not jiresent. This enables the two 
hydroxides to be separated, but to make the separation complete, the precipitate 
should be redissolved and rcprecipitati'd .several times According to K. Toczyknskv. 
tartaric acid hinders the pn'cipitation by alkali hytlroxules , cane sugar, grape 
sugar, and gly(Vrol aef similarly to a smaller degree ; the precipitat-e with baryta- 
wab'r also dissolves in an cxce.ss of the j»reeipitant, but, as L. N. Vauquelin showed, 
the soln. remains 4'lear on boiling. According to (1. (Jimdin, and K, Hchaflgot^ch, 
both IsTvIliurn and aluminium hydroxidi*s are reprecipitab'd from the soln. in caustic 
lye by the addition of ammonium chloride. According to C. Vincmit, and C. Kenz, 
meUiylamine or ethylamine pnMUpitat^'s b<‘rylliiim hydroxidt', and, unlike alu- 
minium, but not unlike iron, the precipitate is not .soluble in an excess of the 
precipitant. \ .soln of ammonium carbonate produces a white jirecipitate of a 
basic beryllium carbonate, which, unlike the corresponding precipitate with 
aluminium, is nuidily soluble m an excess of the reagent. W'hen tin* soln. is boiled, 
the basic carbonate is n'pns ipitab'd. This property enables the two compounds to 
be separated, but the separation is quantitative only when tin* carbonate* is re- 
di8solv4'(l and reprccipitat^'d a numlMT of times. According to L. N Vauquelin, 
and U. Umelin, soln. of the alkali carbonatOS ahso prt'Cipitate basic beryllium 
carboiiat**, soluble onl\ in a large e.vet'.ss of the sodium or ]»otassium carbonak*, and 
in a far smalh'r ex<*e.ss of ammonium i-arbonate. When the soln. of tin* beryllium 
hydroxhle in alkali carbonates is boiled, a partial precipitation of beryllium as 
hydroxnh* occurs only when tin* soln is nunh ililutod. The solubility of the 
’hydroxide and carbonat** pn*cipitates decreases with increasing age of the precipitate. 
If a mixcnl soln. of a Is'ry Ilium and an aluminium salt with lU per cent, of sodium 
hydrocarbonate be boilcfl, aluminium, but not beryllium, hydroxide is pn*cipitated. 
C. L. Panons' test for beryllium is as follows : 

Follow tlio customary fnoeedun' of <nialitativ«' analysis until the Hulphid('« insoluble in 
HCl have been rcinovod. I’ouet'ntrato the nitrate so obiainwi to 26 cubic centimetres and 
when «old add two grams sohA N»,0,, boil and tilU'r Acidify the filtrate with HNO, and 
a<ld ammonia in excess. If no pnx'ipitate is obtained Uirylhum is absent. Wash any 
precipitate foruuxl luid add it together with two to three grams solid NaUC'Oi to 30 cubic 
eentimetres (10 j»er cent, soln.) of water m a test-tulH? or casserole and brmg rapidly to 
boiihig. Hod for one-half minute only luul filter to n'lnovo all aluminium. Dilute the 
filtrate with 10 volumes of water (I per cent, soln ) and bod. Heryllium hydroxide contain- 
ing a little carbonate wdl precipitate if prtwmt. Other elements do not interfere. 

According to A. vou Awdejoff, J. Weoren, H. Rose, J. M. Ordway, H. J. Debray, 
aud F. vou Kobell, when a cold aolu. of a beryllium salt is digested with iMlimn 
Cfurbonate, beryllium hydroxide is partially precipitated in the cold, completely ou 
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IxJiliiig. F. von Kobell stated t^iat Oftloiiuii 0triK>DAt6 dot's not pivcipitate beryllium 
hydroxide in the cold, but dot's so on boiling. Unlike thorium, Eirconiuni, erbium, 
\ ttnum, cerium, lanthanum, or didymium salts, oxalic acid and aninsomiiiyn 
ifive no precipitation with bt'rvllium salts ; but with tone solii. of Ih'rv Ilium salte, 
potassium hydro-oxalate precipitates potassium bt‘ryllium oxalate. Uiiliko eerium, 
ianthanum. or didymium salts, potasaum sulphate gives a tine crvstallme pmeipitat 4 ‘. 
lJe(K*S 04 ) 2 .-H 20 , which is soluble in a cone soln. of potassium sulphate. A soln. 
.if sodium phosphate in presence of ammonium phosphate gives a while precipitate 
with beryllium salts. Acc-ordmg to (' Kossler. an excess of a soln. of diammonium 
hydrophosphatey n6t disodium hydro])hosj)hate. gives a piecipitate with a l>ervllium 
Halt which, W'hen dissolved in hydrochloric acid, and the stdn, just neutralized with 
ammonia, and boiled, gives a crystalline precipitate^. The preei|jitation is not 
hmden'd by citric acid, wrhile small amounts of aluminium an* not preeipitab'd ; if 
much aluminium is present, the jiresiuice of utrie acid hinders tin* pri^iupitation of 
the beryllium ammonium phosjdiate. Wheli a beryllium salt is fus<‘d with 
potassium hydrofluoride, ami the cold mas,', extracted with water aculilied with 
hvdrotiuorie acid, the Ix'ryllium iluoridi'di.ssolve.K. while aluminium forms a sparingly 
.soliihli- potassiiiiii aluminium fluoride According to U A Joy. a soln. of SOdium 
thiosulphate gives a precipitate when boiled witli a soln. of beryllium ehloriile. 
A< cording to J. F. Persoz, C. A. Joy, and F. Toezvknsky, a holn, of a bcryllmm salt 
Liive.H a precipitate^ when Imiled with SOdium acetate ; (’ G Gmclm said the chloride 
i.s not so precipitated. L. N Vauijuelin obtained a whit4‘ preeipitaU* with alkali 
succinate, and yi-llow flecks with tincture of galls. H ilos<* obtained !i kind of jelly 
by adding potassium ferrocyanide to a soln of a ber\ Ilium salt. According to 
J J Hcrzelms, no precijiitate is givi n hy potassium ferricyanide, hydrofluosilicic 
acid, oxalic acid, potassium oxalate, or potassium tartrate, lieryllmm ( hloridc 
soil! hecoiiies dark in colour, but no precipitation occurs with potassium thio- 
carbonate, K 2 CiS; 5 . When (jalcined with a soln of cobalt nitrate, beryllia gives a 
grev ma.ss : with alumina, Thenard's blue is formed. Ac<-ording to A. (\ Neisch, 
metanitrobenzoic add gives no jireeipitab* with a beryllium salt. L Parsons’ 
Hodium hydrocarbonate jirocess, and F. 8. Ifavcns* h\drogen-chlorKle jiroceas, 
prcvioii.«<ly discu.ssed in I’onnectioii with the ]irej)aration of Is^rylha, are recommended 
us .mantitative processe.s. 

Uses. - -According to U. James,” licryllmm oxide '* is u.'^cd in the manufacture of 
incandeHcent mantles in ordiT to make them Mronger The amount used dejicnds 
upon the manufaet iirer. S<mie makers us<‘ grins, of beryllium nitrate to every 
kilogram of thorium nitrate, while others uw* only 2 grms to the same quantity of 
thorium salt Heryllium salts are useful in the manufacture of imandesceiit 
mantles Tlie oxide is soiiietime.s u<lded to maUTiai that is Isuiig used for the 
manufacture of abrasives," The metal has some valuable qualities, and it is said 
that ‘'only the expeiis«- of prodmtion jm’venth the metal proving of great in- 
<lu.Htrial value 
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§ 4. Tb6 Atomic Weight and Valency of Beryllium 

The valency of beryllium was for many \ear8 a subject of eontrover.sv. and it 
incited much rtwarch. It can be argued that the element i.s bi* or ter- valent, 
although it 18 now generally agn*ed to n*ganl it a.s a bivalent «'lement. The hvdrogen 
eij. of beryllium ly nearly if the at. wt.of beryllium is nearly 9, the element i» 
bivalent, if IB o. tervaJent, and if 18, quadrivalent. .1. J ItiTzelms * at first regarded 
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kTvlhum as a bi- or quadri-valout element, for lie formulabMl the oxide as either 
IVO or BeO.^, but in 1815, from its analogies with alumina, he ion>ulered beryllium 
to 1m* tervalent, and the oxide to have a formula either BeOj or Ih*,.!)^. The 
^J*e<llu• heat law of Dulong and iVtit, and the isoiiu»r|ihisni law of Mitaelierheh, 
s.emed t<j favour this assumption Thus, anordmg to I* Hautefeiiille and 
A lVrre\ , bervllium can rt‘plaee aluminium in Mluute.s of the l\ pe KoO ALOj tiSiO^ 

Bervlluini oeeupies rather a unupie po.Mtn>n in the mauiiesium-xiiie family 
u'roiip of the periodic table It does not share with the magnesium, /.ine, 
.iiid eudmiiim salta their eharaeteristie belia\mur towanl.s ammonia and the 
ammonium salts , their tendency to form double salts w it h other metals . thesuaring 
■^iluluiity of their oxides in waU'r, and their soluluhtv in weak acids Nor does it 
'•hare the i haractoristics of ealcium. strontium, and barium in ft»rming soluble 
■^tronglv alkaline hydroxides, sparingly solubh* sulphates, soluble suljiliides, and 
'lightly soluble lluoride.s. In fact, ber\ Ilium is so like aluminium that until its at. 
wt and tlie vapour density of lUs chloride ha<l been delermmed. it wa.s regarded as 
a triad elmuent related to alumimum. A. von Aw dejell favoun>d llii- )iy])othests 
(hat ber\ Ilium is bivalent, owing to the clo.se analog) of potii.sMum i»er)lliuni 
'iilplurti* and potassium beryllium lluonde with the eorrespotnling magnesium .salts: 
'imilar remarks apply to C Scheller's ol)ser\atittns (jii ber\ Ilium jihosphate 

(f Wvrouboll further empha.sized the po.ssihle tervaleney of bervllium from the 
.lualogies between the beryllium sili<‘o-tungstat<-.s and the eorre.sponding aluniinium 
'.ill . J Blake also argued in the saim* direetion from the likene.vs in the j)h\ siologieal 
aetioji of bervllium and aluminium ; P iM-beaii showed that tin' ))ro[»ertieH of the 
earbiiie>, of the two elements favour the tervaleney of bervllium li. Traube s 
• ieft'iniinations of the at. soil! vol of beryllium sulphate and ehlorate are mote in 
auord with a tervalent bervllium tiian with a bivalent element Some earl) 
<lererniinatu)n.s of the sp lit of bervllmm favour<‘(l the tervalenev iiv jtothesis. hut 
the data were by no ineuns uneqiiivoeal because (i) the results were discordant owing 
to the Use of iiMjiure iiietal, (ii) the .Sp lit vari' H very imieli with liie teiii)) , and (in) 
the elements with a low at wt often deviate .so much from Duloiig and Petit's rule 
that the .ipjfheation of tlie rule is not of much v.ilue as a ( ritsTioii The (juestion 
was (ii'i iis.sed bv J K Reynolds, L Mever, L F Nilson and O Ih tterssoii. etc, 

I S llunijudgc showed that at a high temp, when the hp ht beeoiiu's appro.\imal/<‘lv 
'uiistant, the application of Dulong and J*<*lit’H rule favours the bivaleney of the 
element (t Tammann .showed that the vapour deiiMtv <leterminationHof aq soln 
of lierylLium salts do not give a dehnite value for tlie mol wt H Im-v found 
the electrical condui tivitv of imrmal soln of Ihtv Ilium Hu!phat<‘ furnislies 
“> shown th.it although this agrees with the value for the 

•salts of the tervalent elements, it would Im- wrong to a.HMime that bervllium is 
tervalent because the great inereaAe in the eij < oudm tivity ran Im* exj>lamiMl bv 
the hydrolysis of the .salt. 

The nio.st cogent argument in favour of the hivalency of beryllium was the 
results of the determination of the vapour density of the chloride The (-arlier 
ohiM'rvations were allected b) errors through the decomposition of the salt by moist 
air, and not to the di.ssociation of the rhIori<l<* Ihe decomposition does not o«cur 
if the .salt IS volatilized in a stn*am of hjdrogen chloride or carbon dioxide, 
b F Nilson and 0. Pettersson found (air unity) : • 

.'.Sd‘ 7it' SI 2" 

\ap. density . 3 (H)7 3 031 3^100 2 8.>3 2 926 2 /.W 2 793 

when the calculat.ed value for BeCl^ ih 2 77 Above KiilO^ the results were quite 
' onstant for BcCl2. T S. Ilumpidgo found 2 7*Vi and 2 714 res[>ectively at 6'k5' and 
. These results are all entirely in accord with the bivalency of biTylliuni, and 
they wen* confirmed by observations on the vap density of beryllium bromide by 
I S. Hiimpidgc ; of berylhum acetylacetonate, by A (Auiibes; and 

of basic beryllium acetate, Be40(CH3C’00)2, by 0 Urbain and H. Laconibc. 
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8, TftOfttar, however, ex])re#wed the belief that G. Urbain and H. Lacombe’a com- 
pound contained two qua<irivaicnt beryllium atoma per molecule, and not four 
Divalent beryllium atonia, in onhir to explain ita constitution. This he supposes to 
beBgBe*" — 0— OBe’^Rs. It would, however, be legitimate to raise the question 
whether or not the alleged basic acetate is a chemical individual. It must also be 
rememlMjred that the association of the molecules plays an important part in these 
determinations, for W. Biltz found the acetyiacetonates of the rare earths are 
bimolecular in cone. soln. The mol. wt. determinations of beiyllium picratt\ 
Be(CjHj, 07 N 3 ) 2 . 3 H 20 , from the f.p. of its acetophenone soln., by B. Glassmann, and 
of that of l>eryllium chloride from the b.p. of its pyridine soln. bv A. Rosenheim and 

F. Woge, are all in agreement with the bivaleiicy of beryllium. The latter also 
found that the compounds of b<;ryllium with the oxalates are quit^' different from 
those which it forms with the tervalcnt metals chromium, iron, or aluminium. 

T. Carnellev pointed out that his determinations of the m.p. and b.p. of beryllium 
bnimide or cluoride Iwrtter fitted a pface in the periodic table with a bivalent than 
with a t«*rvalcnt element ; and B. Brauner made a similar ob 8 «*rvation with respect 
to the mol. voi. of beiyllium compounds. W. N. Hartley also showed that the 
spectrum of beryllium corn'spond.s with the firwt member of a dyad series in 
which calcium, strontium, and barium are honiologues. L Meyer also showed 
that beryllium better fits a plac,e among the bivalent elements in the [sjriodic 
table, than among the tervalent elements. D. I. Mendeh'eff found that the soln. of 
a mol of the chloride of a metal MCI^ in 20 () mols of water gives a soln. whose sp. gr. 
increased proportionally with the mol. wt. of the soluh'. If the molecule of beryllium 
chloride be HeClj., mol. wt. 8 (), it must be heavier than the molecule of jiotaissiuni 
chloride, K(’l, inol, wt. Tl'f), and less than the molecule of magnesium ehloride, 
MgC'l.^, mol. wt. Dfi. On the other hand, if beryllium chloride be Beds, mol. wt. 12U, 
its molecule must bo heavier than that of calcium ('hloridt*, mol. wt. Ill, and lighter 
than manganese chloride, niol. w't. 12(5. Kxpennient showed the correctness 

of the former aaaunqition at 1 . 074 *^, the soln. Be(% hu.s a sp. gr. 1 Ol3cS ; 

thus being greater than the sp. gr. of the soln. K(H2(X>1L0, 10121, and less than 
that of the soln. MgOljj-f-il^^^HzG, 102(13. Hence, said he, “ the bivalency of 
beryllium is confirmed by the dissolved and vaporized ehloride ” 

J. J. Berzelius’ determination - of the at. wt. of beryllium is little more than an 
approximation, and is of only historical interest. Ho deUrmined the ratio of 
beryllium to chlorine in bervilium chloride, and the ratio of beryllium oxide to 
sulphur trioxide in beryllium sulphate*, and his number, recalculated for 0 -16 is 
Be 10-6. A, von Awdejeff (1842) analyzed the sulphate, and from tie* ratio BeO ; BeS 04 
computed Be-^U tTl? ; J. Wceren (I 8 M) in the same way obtained 1 ) 267 and 

G. KJatzo (I 806 ), 9‘283. H. Debray (I 8 .>r)) analyzed beryllium oxalate, and 
determined the ratio 4C0j: BeU, from which he calcuIaU'd the at wt. Be~ 0 ‘ 337 . 
L. P. Nilson and 0, Pettersson (188(1) analyz<^d the hydrati'd sulphate and dett^rmined 
the ratio Be 804 . 4 H 2 () : BeO, from whieh they c^ilculated the at wt. Be— 9113; 
and G. Kriiss and H. Moruht similarly obtained Be =9 062. C. L. Parsons (1904) 
determined the ratio Be 40 (C 2 H 302 )/; BeO, and hence calculated the at. wt. Be 
=*--Ui ()6 and also B<?(C 3 H 702 )j : ^0, and hence computed B<‘ - 9 103. Prom these 
results P. W. (^larke and B. Brauner have computed that the best representative 
value for the at. wt. of beryllium is Be— 9i, and this, too, is the value in the Inter- 
national Table (1920). L. Benoist and H. Copaux infer that liervllium has an at. 
wt. 9i from a comparison of the transparency of the oxide to X-rays, with the 
transparencies of aluminium, sulphur, carbon, lithium, and lithium hydroxide. 
Prom the ratios BoClg : 2 Ag, and BeCl^ : 2 AgCl, 0. Honigsehmid and L. Bir'ckenbach 
oomputed 9018 as the beat renresentative value. The atomic munbor is 4 , 
According to G. P. Thomson, the anode ray analysis of beryllium corresponds 
vith an at. wt. 9*O+0T(Na“23), and no iaotopas. No indication was found which 
would suggest that the atom of l>eryllium can lose two electrons under the conditions 
>f the experiments. 
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I* p««enoe of a fordgn subotanM in Uwir amroonium 

^ berylhuni hydroxide, which gave a black .ulphidc and a white hydroxide, 
* now element. ^ L. ranwna showed that G. Kr(h» and 
V’ w ™ probably a mixture of zinc and iron sulphidca, bul mainly xino. 

J. H. Follok found the precipitate contained zinc, iron, nickel, and another unknown wb- 
atan^ Ima latter he claimed to bo a new eloment Hct'ompKnvmg ordinarv Iwv Ilium in 
consid^ble quantities because m a single fractional auhliniation of the chlot^e in a poree. 
lain tube, he obtamwl over 0 4 grrn. of a ehlondo, which, on analysis, gave an at. wt. lu high 
M 37 ; he also claimiHl that by a single rt'crystallization of the sulphate. Im obtained an 
inore^ m the eq. of the metal in the lirst crop of or^'stals above the second crop, 
f u ,,*^'** rcMjults are to be explained by the K]MM 7 ial tendency 

of beryllium chloride, to docorai»o8e when expost^ to the iK'tion of moisture, and that the 
access of moist air to the chloride rt'sulfs m a loss of oblorme. L. F. Nilson and 0. 1’etterwion 
also obtam^ results res(*mbliiig thos«' of ,1. H. PoUuk. and ihen'fore took special preeautiona 
against moisture in their ex|K‘riments on the vap. density of the chloride. 
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§ 5. Beryllium or Glucinam Oxide 

Beryllium oxide la the produi t of the oxidation of the mittal when heated in 
air or oxygen. The extraction of liervllium oxide or carbonate from beryl and other 
minerals ha« alreatly lx*en described. The beryllium B<;0, or bcryllia, is 

prepared by calcining a salt of beryllium containing a volatile acid radicle i>.g. the 
nitrate, sulphate, oxalate, hydroxide, haaic carlwnate, etc.- - even the chloride, 
bromide, or iodide yield practically all their metal as oxide when evaporated from 
soln., and heated ; if a mixed soln. of laTyllium and ammonium chlorides l>e so 
treat^, a light feathery oxide is obtained which is difficult to retain in the containing 
vessel. J. J. Ebelmen ^ obtained it in the form of hexagonal crystals by beating 
beryllium sUicate with an excess of potassium carlnmate ; and H. Uebray, by 
strongly heating beryllium sulphate, or ammonium iM^ryllium carlxinate. P. Haute- 
feuille and A, Peirey obtained crystals of lieryilia by fusing the oxide with beryllium 
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leucite : or the sulphate with silicic acid ; or by fusing beprUium o£de with alha], 
sulphides at dull redness. The form of the crystals at high temp, is (Merent accord- 
ing as potassium sulphide, sodium sulphide, or a mixture of alkali sulpmde and 
^lum carbonate is employed. H. Grandeau heated beryllium^ pyrophosphate 
with a great excess of potassium sulphate lx*tween 1400 and » and extracted 
the mass with water, when then* remained tine crystals of beryllia. r. Lebeau 
observed crystals, probably produced by sublimation, on the surface of beryllium 
oxide which had been melted in the eJertrie arc-furnace. 

Beryllium oxide as ordinarily prepared is a white powder. M. Levi-Malvano 
claimed that a blue-coloured oxide is obtained by the ignition df the hexahydrated 
sulphate ; the colouring agent w probably some impurity, because C. L. rarsoas 
could not verify the result. According to E Mallard, the crystals belong to the 
hexagonal system, and have axial ratios a.c-l : I 'fi.lOo; they are isomorphous 
with those of magnesium oxide ; while, according to J. J. Ebelmen, the crystals are 
isomorjihous with alumina. W. L. Bragg e.stimates that the X-radiOglUm will give 
the zinc oxide lattice with atoms 178 A. apart ; W, Gerlacb obtained 379G ± O'OO A. 
for tile, length of the edge of the elerneiitarv cube. The cubic lattice is of the 
sodium chloride tvfa*. It was investigated by E. W. McKei'han, who found 
rtirt'j'C'.Ml and c/a* 1 G3. 

The specific gravity of beryllium oxide, unlike that of alumina, does not change 
sensibly by ignition, and there are no .signs of polymerization. For example, 
P. Lebeau found at t) for beryllia calcined at about liXJ , 3 012 j calcined about 
KXK)", .'J'OlOt cry.stalhzed by volatilization. :]Oir>, and fused beryllia, 3 025. 
H. Rose found the sp gr. of the powder to be .3083 to 3 ooo ; that precipitated and 
ignited in the aiccdiol tlame, 3 OIK) to 3 ODG at 12" ; that ignited in the pottery oven, 
3’20l to 3027 (lo"), and that of the erystalhne oxide 3 021 so that with H, Rose 
the sp. gr. is less with the higher te*mp. of enleination. A. G. Ekeberg gave 2 967 
for the sp. gr. of nrnoqdious beryllia ; G. Kniss and 11 Moraht, 2 9644 (10'5°) ; 
J. J. Ebelmen, 3 02 3 06 for crj'stallme beryllia; L. F Nilson and 0. Pettersson, 

3 016; H. Grandeau, 318 (14 ) According to J. .1 Ebelmen, the crystals of 
beryllia scrat-<*h (juartz but not ruby, and, according to P. ls*beau, the ha^ess of 
the crystals from the electric arc-furnace is nearly that of corundum. 

H." Davy saul that bervilia m'lther hardens nor shrinks when heatt'd, and fuses 
only at the highest teunp. that can be produced 11 Caron - found beryllia to be 
infusible in the oxy-hydrogen blowpipe tlame, but it volatilizes before that temp, is 
attained, and P. L'beau found that tlie oxide ean be fus<‘d and distilled in the 
electric arc-furimee. Acct)rding to F. Fie.hte'r and E. Brunner, beryllia has a 
m6lting*P0int 24')0'' i. 50", but is very volatile near that temp. 0. RufT, II fVifer- 
held, and J. Suda gave 2.525'’ for the ni.p. of bervilia, and also found it volatilized 
below the m.p. E. Tiode and E. Birnbrauer said that bervilia melts at 24(X)'’ ± 1(X)", 
in a vacuum furuaeo, and that it does not volatilize much below the m p. W. R. Mott 
gave 39(X)" for the boiling-point of beryllium oxide, and he added that this oxide is 
left as a ri'sidue by the distillation of its mixtures wdth the oxules of calcium, barium, 
strontium, magnesium, aluminium, and silicon L. F. Nilson and 0. Pettersson 
found the spet^C heat of the (►xide to be i> 247 Ix'tween 0 and lOO'’. According to 
8. Tanatar, the sp ht. of the oxide at 1 17 is 0'2898, and he calculated there- 
from an abnormally low ep. ht. for the im^tal. and thence argued that beryllium is 
quadrivalent, exactly as the low* sp. ht of the element was previously used as an 
argument for the tervalency of the metal. H (,’oj)aux and C. Philips gave for 
heat of oxidation .5 cals.; and W. Mielenz and H. von 

Wartenberg, 135 9 tO’9 Cals. 

According to E. Mallard, ^ the index of refraction for the ordinary ray is 1 719, 
and for the e.xtraordinarv ray 1 733 ; and the double rt'fraction is positive H. E, Ives 
imd oo-workers studied the illuimnating power and emissivity of beryllia when 
made into mantles and heated by Bunsen’s flame. W. Crookes found that when 
exposed to the cathode «y8 in a vacuum tube, beryllia gives a beautiful blue phOS- 
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phonso^ but no spectral rays ; it shows only a oonc, of li){ht in the blue. There 
18 DO reaidual glow L. B^noiat and H. Copaux studied the X«raj trauaparenoy of 
the oxide. A. F. Nichols found that when h«‘ated to in the oxvhydrogen 
rtame beryllia appears blue, not red. According to L. F. Nilson and 0. j^ettersson, 
beryUia is diamagnetic : but S Meyer found lU mametio nuoeptibility to be «ero 
at 16®. 

According to R Lebeau,'* the chemical activity of bervlluiin oxide is dependent on 
the temp, at which it has been calcined According to ,1. ,1. Berzelius, bi'rvllia aftor 
Ignition dissolves much more slowly in acids, and the aftinity of herv Ilium' oxide for 
the acids is less powerful than that of magnesia or vttria the oxide is not reduced 
when heated in a stream of hydrogen ; nor is it atUcked by water. H Haas did 
not succeed in making f>enjlhunt furoxid*' by treating beryllium oxide with hydrogen 
peroxide^ according to L. J. Thenard’s process for zinc peroxide TIti' oxide was 
found by P. L'beau to lx* attacked by fluorine with t\w formation of a (luorid«‘ 

A. (jr. Balard stated that bervllium oxid»‘ is aHacked bv bromine wab'r. especially 
under the influence of sunlight ; but P. bdicau found that the o\u\v calcined at 44(i" 
is inert towards chlorinet brottiine» or iodine ; n(*r do tin* hydrogen lialides attack 
the oxide at a red heat, (’one hydrochloric acid dis.solvcs the oxide slowly, and 
faster if the acid be boiled, and the o\id«‘ be fiie'lv flivid«'d. A mixtur<' of llit* o.xide 
with carbon is attacked, forming the halide, when heated in a stream of a hyiirogi'n 
haiidi^. L. Meyer found thi' anh) drous chlomle is formed when tin* u.\ide is heated in 
a stream of carbon tetrachloride vajxmr , and K lionnon foundtlmt th.- chloride is 
similarly formed when the oxide is heated to redness in a stream f»f sulphur chloride 
vapour. L. N. Vauquelin found that l)er\ Ilium o\jd«' is not changed when ht-ated 
with sulphur. Cone sulphuric acid reudilv attacks the .fXide forming thi' anhydrous 
sulphate, which, according to I* I/dieau. dissolves but slowly when the mixture is 
diluted with watiT, owing to th(‘ gnnluul hydration of the .salt. Afctirding to 
P. Lebeau. beryllium oxide is reduci'd at a high toni]*. by carbon, forming the e.arbiile 
— E Tiede and E Biniliriiuer said the n-din tion begins at about ‘JUKI . P Lebeau 
also found that beryllia is redmed bv boron forming the boride, and by silicon 
forming the siliciHe. The oxide is imt acted on bv car^n dioxide ,* and, according 
to E. Fremv, the vapour of carbon disulphide does not e^onvert, tin* heat<‘d oxide 
into siiljihide. Bervllium oxide is dis.solvcd more slowly by cone nitric acid than 
hy cone, hydroehlorie a< id H Bose found that licryllia partially di-eompo.ses soln. 
of ammonium chloride, but thi* bervllia loses tins pro])erly if pre ealeined , he also 
found that the oxide is onlv ]iarfially dceonijsised by heating it with amiiioiimm 
chloride. According to P. Lebeau, bervllia is not reduced by potassium, SOdium, 
maffuesium, or aluminium ni/c licr^llmm hydride -and L. Franck found that, 
aluminium forms an allov when heated to a high tomp with berylliuui oxide ; it is 
also n’duced by earluui in the presem e of other metals, like cojiper, with which the 
beryllium forms alhns. K A Hofmann and K. Hdschele found that bervllium oxide 
fused with magnesium chloride fumi'^hes volatile beryllium ehloride Ac cording | 4 ) 

H. Debray, fusinl potassium hydroxide n^adily dissolves hi*ryllium oxide, and. 
according to (.-. A. Joy, the nmlt^m mass is soluble in wab r. J. Weeren, and 
A Attorlierg stated that water (bs s not dissolve the beryllia. T (r Dmelin, i\nd 
H Debray also stated that beryllia is not soluble in an aq solri of jiota/wium 
hydroxide According to J J. Kbelmen. beryllia is readily dissolved by fused 
potassiam hydrosulpl^. 
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6. Beryllium or Glucinum Hydroxides 

According to C, L. Pttr.Hon.H, beryllium hydroxide, Ht‘(0H)2, is one of tlni most 
interesting compounds of beryllium As previously indicated in connection with the 
reactions of beryllium suits, l>er\lluim hydro.xido i.s })recipitatcd from soln. of beryl- 
lium salts by aq. ttinmonia. ammonium sulpbi<le, alkali hydroxides, barium car- 
bonate, methylnminc or dimetliylamme, and othylamine or diothylamine. Soln. 
of normal carbonates prec.ipitat^* a mixture of basic beryllium carbonate and the 
hydroxide ; the former can he almost entirely <‘liminated by boiling the mixture. 
According to J. Weereii.* and A. Atterberg, the normal hydroxide, Be(0H)2, is 
precipitated by Imilmg a soln of beryllium oxide in potassium hydroxide amf by 
digesting with water the product of fusing hcryllia with potassium hydroxide. 
C, L. Parsons, W. 0 . Uobm.son and C. T. Fuller obtained Ix'ryllium hydroxide of a 
high degree of purity, by dis.solving impure beryllium hydroxide in a soln. of am- 
monium carbonate, and pn'cipitating the basic carbonate with steam. The pre- 
cijjitate is washed with hot water, and boiled with water, while a stream of air was 
passed through the liipiid The water is fre(]uently renewed, and the product then 
contains very little ammonia or carbon dioxide. 

, J. M. van Remmelen distinguished two forms of the hydroxide, the one, which 
he called the a-beryllitun hydroxide, i.s granular, and the other, the jS-bexyllium 
bjFdlOXide, is gelatinous. „The ^-hydroxide is precipitated by ammonia from a soln. 
of berylliiuu sulphate ; it is WB.shed with cold water out of contact with air ; dried 
in a stri'am of air frt*ed from carbon dioxide, and powdered. Its composition 
approximates to Be().r61H2O.0'02r)CO2. and when washed and dried in air, 
Be 0 . 2 ‘ 63 H 20 . 0 ' 0 .' 3 C 02 , but it has not a constant composition. The a-hydroxide is 
prepared bp precipitation Irom alkaline soln. of the oxiem. A soln. of the ) 3 -hydroxide 
in sulphuric acid is precipitated by potassium hydroxide, and redissolvcd by an 
excess of the alkali. The soln. is then diluted with water and boiled. The granular 
deposit is then washed with hot water, while air is excluded. It is a fine white 
orypto-orystdlline i>owder, is free from carbon dioxide, and has the composition 
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BeO.HfO. In general, J. M. van Bi*ninw‘Ien coneludes that a-Wry Ilium hydroxide 
B a chemical individual of definite rot«pO{<ition. Be(OH)j, hke tlio hydroxide* of 
calcium or magneBiuin, while jS-bervllmiu hydroxide ia of indefinite (jomnoaition 
md behaves like the gelatinous aluminium and ferric hydroxides ; it may therefore 
oe regarded as COUoi^ beryllium oxide, for there is little to show that the water 
is other than adsorbed or mechanically held. Tins ex|dains A. AtterbiTg’s claim 
to have prepared a numlx'rof hydrated iHTvllmm hydroxides— Be(t)H)».jH 20 ; and 
Be(0H)2.2iH20, These may be n‘gard«*d as «lifier«‘nt stages in tin* desiec^ation of 
colloidal, or ^-beryllium hydroxide. 

J. M. van Bemiitelen measured the uan-r eontent of the crystalline, and colloidal 
forms of the hydroxide, BeO^-wHoO, drn-d over cone. 8nl]dniric aoid and then 
heated to different temp. 

lo" .vt’ i(Hi“ \ty ijc" •<><'“ *1** 

(Crystalline .1-0 10 10 10 10 10 lo 10 OOfi 

»‘W*^iCoiloi.lal . . 1'47 l-iO 1-20 1‘IH . l-OHlM) 112(11) 10 I'O 


The numbers in brackets reter to the time, in hours, the liydrate was heaU il. ihe 
composition of the colloidal form gradually and constantly changes owing to the 
loss of water w'ith a progress! v»'ly rising temp., and to tlie passage of tht* colloidal or 
|3-forni into the crystalline a-form between !.'■>(»' and IW'. The composition of the 
crystalline or a-foriu reimiins constant with a progressively rising temp., and it 
begins to dissociate just over I’UO'' ; and at higher temp, ho find^ : 


nll.O 


(Crystalluu) 

I Colloidal . 


rite 

iiaj* 

'I'M* 

•280“ 

XchI I tent. 

0 18 

0 10 

0 14 

0 13 

0 00 

U.'bO 

0 45 

0-42 

0 30 

000 


Crystalline, or u-beryllium hydroxid«* ab.sorl)S as much as O*^.^ to 0 Dll^O from 
air sat. with moistims ljut the alisorhcd water is given up again in dry uir ; after 
losing near the constitution i.s dftinitely changed, for it ab.sorbs a niol or 
H.>0 from moi.st air at 1')“, but gives it uji again m dry air ; after heating to 28() , 
the water of the crvstallnm hydroxide is reduced to O-ldH^O, and it again absorbs 
a mol of water at lb", but givt s it up again in dr\ air only till the residue is n-duevd to 
0’18lldJ • and after heating t<» redne.ss it behaves in the same way, but a rjd 

heat changes it altogether, ior it then Ioh.‘s all power of absorbing water. When the 
colloidal or 8-hydroxide hu.s bec*n heub-d to about 215", it undergoes c iatige.s similar 
to the a-hydroxide. The .diang.'s whid, the ^-compound undergoes during heating 
are like those observed bv M. Berthelof witli feme hydroxide, for h<- found that from 
the time when it was pn^dpitated, it constantly changed, and at no pciriod could be 
represented by a single formula. J. M. van Bemmelen attribubd this 
of^the colloidal hydroxide to ite being a mixture of hydroxides which Ik have 
differently at the same teiui)., that m, each »ne re.iuirea a different U-ni]). tu i.oiivert 

it into the lower hydroxide or anhydrid.' . i ■ i. 

When a aoln, of beryllium aulphate w dropiwd into oirc of potaaaiuni hydroxide, 
a saturation point is reached dciKindmg on the cone, of the hylroiide. 1 h» wryl- 
Uum hydroxide in soln. is considered l.y B. Bleyer and 8. W. Kautmanii to an 
unstoble .4-forin ; the hydroxide which B. i.arato8 from this aoln. is m the «-lom , 
and when the B-form is dried it passes into a third ( '-form. The solubi ities of these 
three modiffcations of beryllium hydrexi.le in soln. of •iHitassium hydroxide of 
^ereiit cone., are shown in the curves, big. ff, and expressing cone, m rools per 
Utre.atlS”: ^ ^ 

To 2'5 ' au 

00139 UU'illi 00948 


KOH 

B«0 


0-90 

0100 


2-02 

a3273 


2-90 

0'6140 


0'49 

00190 


ntorm. 

Tot 

00909 


2 69 
01071 


Analyses after waehing show that the Mom is HsBejfb, ; wWle tlu; «- and 
arffir The bnic consUnt. of the H; and C-f«rm« are resptotively 
are ii 2 Dev 2 . xiw w ^ ^ /..li < ../ in-M . and the constante of 

Q 


*,=0 73 X nr" ; *,=0 28 x 10 -^“ 

¥01. IV. 


and i.j=.0 U4Xl0-«; 
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Kkj. 2 - -.Soliijiililu's of iIh’ l>if- 
ft rt'iil Foiiih ul itnr^ Ilium H\- 
(Iroxido m Solutions ut Piituhsium 
Hy*lro\i(lt' 


J. K. Wood found that the weak berylUum 
hydroxide has tlie dissociation constant, 
h='> 2 X S. Glixelli measured the electro- 
osmosisof herylliuni hydroxide. S. Meyer found 
tho magnetic susceptibility of the hydroxide U) 
be zero at Ih . r. rascal found the mol. coeff. 
of magnetization to be -82 X units. 

The properties of beryllium hydroxide vary 
gi^uitly with Its mode of preparation. Cone, soln. 
of one erp of the normal salts can dissolve two 
to five eij of the iiydroxide — t’ the oxalate or 
th(‘ sulphate dissolves nearly 3 eq., the chloride, 

1 eq , and the acetate nearly 6 eq.-'-and the 
hydroxi<le is reprecipitated by dilution ; but the 
jirecipitution is never complete by the dilution 
of colic, soil! The solubility of the hydroxide, 
and Its sensitiveness t# reagents, are much 
diminished if it has bci'ii dried by warming, or 
boded for a long time in watiT. When herylliuni 
h}droxide IS first precipitated by alkalies it is 
very viduminous, and nb.sorbs carbon dio.xuh*, and is easily soluble in potassium 
hydroxide and (carbonate, in ammonium carbonate, and acids On standing 
it gradually pas.Hes into a more stable form, which is granular, less allected 
by carbon dioxide, and is in.solubh* in potasMum carbonate, dd. alkalies, and dil. 
acids It is rapidly ilwsolved by hot 1 (lV-K 011. When beryllium hydroxide 
is dis.solved in glacial acetic acid about *.M1 pt'r cent can be extracted by shaking 
it with chloroform. Iron acetate is not extracted from its aq soln. by chloro- 
form ; so that the separation of beryllium acetate is hmice an easy one. 

F, Haber and (». van Oordt * weie so imj>ressed b\ the change in the sensitiveness 
of beryllium hydroxide with ageing, that they postulated the existence of two 
moildieations the freshly pruipitated form readily acted on by reagents, and the 
second older form [irodiieed hy standing or hy hoiling the former ; the aged form is 
much less readily attaekeil and is practK'ully insoluble in acids and alkalies. 
(t. van Oordt said that tin tujt uuj of iHinjllium hijdroxuk is produced by heating it 
III (i) a current of steam ; (n) in an aq .soln of an mdilTerent compound like sodium 
carbonate or ammonia : or (iii) in a very dil. soln of alkali hydroxide, potassium 
carbonat<\ etc. 

(b li. Varsons and K. J. Roberts found that the freshly jirecipitated hydroxide, 
washed by cold water, will take up one-third of an oij. of carbon dioxide, while the 
boiled hydroxide ortho hvtlroxide which has stood for a long time is but little 
affected by that gas. F |:k*stini stated that beryllium hydroxide is almost insoluble 
ill water charged with carbon dioxidi -1()0 c.e. of water sat. with that gas at 
ordinary temp, dissolve 0 t>l8b grm. BeO. P. Kaikow’ stated that a basic carbonate 
Ls probably formed, if. Rose found beryllium hydroxide to be readily soluble in 
acids ; and to Ih' decomposed by boiling with aq. soln. of ammonium salts ; and 
under these conditions, J. J. Berzelius found that berv Ilium hydroxide dissolved, 
while aluminium hydroxide remained insoluble. W. Herz found beryllium hydroxide 
to be virtually insoluble in soln. of ammonium salts. H. J. Debray, C. A. Joy, and 
C. L. Parsons studied the same reaction. Basic beryllium acetate, Be 40 .(C 2 H 302 ) 8 , 
is a unique salt. The salt is prepared by dissolving the carbonate in hot glacial 
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acetic acid from which it separates. IWryllium also forms basic salts with formic, 
propiomc, and butyric acids. The hasu- formats isdifhcuit to purify by sublimation, 
(1) owing to the high temp, retpured. and (2) owing to its decom|K)Sition during 
sublimation ; the basic acetato, readily sublimed without decom- 

position ; it melts between 28:1 ' and 281, aiid boils between IW ' and XM , It is 
almost insoluble in water, but is slowly li\ drolvzed by cold ami rapidly iiy hot water. 
It dissolves unchanged in many orgame Milvents eliloroform, alcohol, etc. Tho 
normal salt has not bt'cii made. Mineral aeids liberate acetic acid. It is sUblo 
in dry air. 

J. M. van Hcmnielen found that aft« r having been heated to ndiu'ss, beryllium 
oxide is soluble only in boiling sulphuric acid. Aeeordmg to F. Toe/.) knsky,'lH'ryl- 
liuni hydroxide i.s nearly insoluble in hydrocyanic acid. 

According to J. Weeren, freshly jm-eipitated ber\ ilium hydro.vide is somewhat 
soluble in nij. ammonia, but not if aminomum i lilorule or .sulphide i.s present , and, 
according to ('. Kenz, her) ilium li\ droxide. is .|Uite insoluble in Uiethylamine, 

ethylamine, dimethylamine, and diethylamine. .Vnordmg to L N. Vampiebu, a 
cone, solii. of ammonium carbonate slowK dissoI\« s ber\ Ilium h\dro.\id(' ; and 
cone, solii. of sodium hydrocarbonate a< l similarly (’ L Tarsonsaml S. K. liarncs 
found a boiling sat. soln. of sodium hxdroe.irboiiate readily di.s.solyes ber\ Ilium 
hydro.yide, but it i.s almo.st insoluble m a <1j1 scdii , eituscipn-nlly, a eom sulii. of 
sodium liydrocarljonate wlm li has dis.H(dved ber\ Ilium b\ droxide wlieii dilutA'd so 
as to contain 2 [u“r emit or less N.iIll'O,, slowh livdroh /.us in the cold, and dejmsits 
basic carlmnate , the cliange mrnirs immedml4-l\ if tie soln be boiled. Her) Ilium 
hydro.xide is almost itisoltilile m a .soln of normal sodiuiu carbonate, but. according 
to F. von SebalTgotseh. it dissolves m a soln of potassium carbonate ; and it is very 
slightly soluble, ai cording to (! (I (imulin, m a s<.ln of lithium carbonate. 

According to (1. (Jmelm, beivllium li\ droxide preeijntaled b\ uij ammonia 
by the dilution of the .soln. of Im tx Ilium Indioxide in a(|. potassium earbonale, or 
after boiling with ai| ammonia, dis-uh* .^ in a cold a<j.soln of potassium OF SOdium 
hydroxide; Imt thatprceipilatud hy hoilmg an alkaline soln of beryllium hydroxide 
IS not soluble in an aq soln of potassiuni hydroxide, ammonium carbonate, or 
potaH.siiim carbonati*. J. |{ulMTibain-r fmiml the inoiu cone, the soln, of sodium 
hydroxide (he greater the propoitioii of hers Ilium hy«liox'i<lf dis, solved Thus, at 
2(1 , 111 grams pur 1(H) e e of soln ; 

Nuoit .... 21)17 Hio IS am 

Jte(()ll), .... 0 s.'iO 2 01)4 2 7 HI) 07(10 

At room teiiiji , thu soliibilitv of fmshlv pn-i ij)ilaled huryllium h)(Jroxidc in 0 dltiV-, 
0 OoA'-, and Tl)l).V*.sodium hvdroxidu w.is re.spis (ivuly 0 Ilf, and (Xid mols 
of bervlliuni hydroxide pur litre. The .siiluhihtiu.s (d thu hydroxide after drying for a 
week over sulphuric acid were ahoiit on*- thirtii tli of these values. F. Haber and 
G. van Oordt found for ai] soln of sodium h\ droxide in grams ja r bin* of sat, soln, : 

L’li J. :»o' '.J" i(M( 

NaOH . . ul To iTTr ' ('» 10 2 o'" 0 .'i I 0 ImT 

HeO . . . .0 000 0 170 0.770 0 UM) 0 g.'JO 0 900 0 OSO 2 21)0 1 V20 

J. K. Wood also mea.sured (he wdubihty of her\ Ilium oxhide in uq soln of sodium 
hydroxide. The hydrolysis of a boiling soln of bi-ryllium hydroxide in u lyc; of 
jxitassium or sodium hydroxide is not eiunjdete jf an excess of base be present ; 
indi'cd, the precipitation may he entirely or partially prevented by increasing the 
cone, of the alkali hydroxide. 

H. Ley ^ concluded that beryllium hydroxide is about eleven tunes as basic as 
aluminium hydroxide, and, like other colloidal hydroxides, it has a very great 
tendency to occlude other substances wlm h may l>e jiresent when it is jirecipitakd ; 
it is almost impossible to remove these substanws by w'ashiiig ; as the adsorbed 
salts are washed out, the hydroxide pa-sw-.s through the filk'r paper. According to 
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J. M, van Bominolen, the power of abaorhing salts from aq. soln. is possessed by the 
colloidal ^-hyilroxide, not the crystalline a-hydroxide. M. Prud’homme, however, 
found that collf)idaI l><*rvlliura hydroxide d(H.‘8 not act as a mordant and fix colour- 
ing matters like aluminium hydroxide. 

The acidic qualities of tin- amphoteric beryllium oxidt* are illustrated by its 
forming a series of salts, bcryllonatdS or b 6 rylUt 6 S, with the alkali hydroxides. 
Beryllium hydroxide thus behaves like a weak dibasic acid with the ions HBe02^ 
and BeO./'. If the alkaline soln be allowed to stand a long time, or if it be heated 
to lx>iling, almost all the beryllium hyilroxide is precipitated. This subject is 
di»cuss»'d in connection with the zincutes. W. Ostwald added : • 

TKe <pjeHtton now wtiy lie- ch< iiiH-al equilibrium, wliieli has previously existed, is 

now «liHturl«H|, Hinrii no n»*w’ Hubhlmieo luis addwl. 'I’he answer is to the offwt that 
the bi^rylliuin hydioxide « hieh i.s juci ijutat^sl is a flilTcrent, and indeed a more stable and less 
Noluhle form of ib»‘ hydn».vid«* than tie- fn-shly preci|>itaU‘d form v\hieh is soluble m alkalitu 
In other words, the le-wly iircpun-d hoIh is Hupcr.Muturated with n-spect to the more stable 
form of thu hydroxide, and thcrt-fiue cannot contimie to exist when the latmr fonn is 
preaenf. Since this forte is not prisent m the lu-alv ]>re])nred soln , the precipitation can 
conmienee only after thn first tiaces of it have been formed. At the ordmary temp, tfiis 
otjours slowly hut tpuckly when heate«l. 

The a< tion of the alkali hydroxides on beryllium oxide and hydroxide has abready 
been discussed (} Kruss and H. .Moraht prepared potassium beryllate, K^BeOg, or 
BefOK)^, liy saturating u soln of potassium hydroxide in absolute alcohol with^ 
freshly preci^utated beryllium hydroxide ; filtering through asbestos in a silver 
funnel ; and evaporating the soln. over sulphuric acid. A crop of crystals of 
potassium carhoiiute mixed with her) Ilium hydroxide first separates; the soln. is 
then filtered ; and. on further evaporation, a white mass is obtained, which is 
washed with alcohol. A similar re.Hult is olitained by working with aq. soln., but 
the product is more impure. The salt is very hygroscopic, readily soluble in water, 
sparingly soluble m eolil dil hydnxdilorie aeid ; and very easily attacked by the carbon 
dioxide of the atm. Analyses alwa\s furnish rather too high a value for potassium 
than is needed for lh'(GK)-j G Kru.ss and il, Moraht obtuim^d sodium beryllate, 
Be( 0 Na) 2 , in a similar manner, and it possc8.sed ]trop(‘rties similar to those of the 
potassium salt. .1 K. \\ oml found that about 10 per cent of an aq. soln. of sodium 
beryllate is hydroU/ed in ,’,.\-Holn. at l*.")'. A llantzseh measured the electrical 
conductivity of .soln. of the alkali beryllates. /.ineates, plumbates, stannati's, and 
gerrnanates ; and also the rate at which the .soln. saponify ethyl acetate. He hence 
inferred that the hydroxides of zme, beryllium, lend, tin, and germanium all act as 
ai'ids, in this order of ini'rea.sing strength; zinc and hervlhum hydroxides are very 
weak acids, and the zinc hydroxide m alkaline .soln appears to exist mostly in the 
colloidal form. All live h\droxide.s uet a.s monobasic, acids under the conditions 
just indicated. 1 he ortler of the hydro.xules just indicated is not exactly the reverse 
of their order if arranged according to their strength as bases. 

A. b, Komarovsky'* attempted to make fn'riflluitn dtoxide by the action of 
hydrogen peroxide on h\draled hervlhum oxide, but obtained a compound with 
hydrogen peroxide of iry.'^iallization beryllium hsrdfoperoxyhsrdroxide, 
31ki(). I iJasie beryllium carbonate, BeCO-j.hBeO.SHgO, by a similar 
^eatment vu-lds a basic dioxide, beryllium oxydioxide,'2Be02.3Be0.8JH20, which 
is moderately stable and exhibits the general characteristics of peroxides. 
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§ 7. Beryllium or Glucinum Fluoride 

In 1811, ,T, I., flnv l,u«sa<' ,m.l I. .1 TluMu.nl • « ll.iuri.f.' ..(luTyllium 

l,v ftddini! a< id Ihiurul- .. ^uil> "f ..x.du ... I.y. n..'lil..n.s aad 

aiid in 1823 J, .). H.'ra'li..a als.. ......!.■ a l..•r^ll.lln. lliiuri.l.' I.y .l.»a..lv.i.« th. ..xu a 

1, •d/olluoric a.M.l, a..d !..■ .l...M r.l„.,l .1... |.n.,..T...-» .h- -I-. ■ a"-! ^ < K « 

that 11.0 aumdiku rusidu.' ..l.tnin.'.! „n .•vai.i.n.l..... I.h» i.riii..T(..'N <1. M..'*" 

k , . d . ..l.a.Mvat.,,na.,,. th,. i.. 1^8. A .....I 1 m. . 

I ylliun. Il....ridu bv (.....tins .....a.. u.tb 

“?.c.ulru 

soil., l.-aii« to tl..' ('waiiu ..t l.yiln.^.-i. Il.i"r.d.', ..nd ll..’ "J 

\m\c for It can hold conipamtivvlv lar-c amounts of he hxdroxuh • J 

,-v«,..;ratin^. t !..■ aoln. in tl.. ,.n.«M..-u ..f ..........nm... ll.."n.K «rm an .d ... ..(Id 

llumtoridoliabS." 

Ibntlrpi::::: -<;■ »>- ->'• '’>■ 

bcndlium lluorid.. is a trans|.anM,l i;l...s-l.k.- n.aw. " '* ‘1 ^ ^ [ ■ it is a 

heaW it l-on,™ Jl,';;,;.’;;,; 'X'Zu, M... f..rnf.ng a s,'.bl..«at« 

mob.le l.qu,datH<X. ai^d at ' „f u... ruatUon 

?irnm llT'"' maTtWs ■ .m.l o Mul-rt, 2017 Ul», F..r (bn huat uf b-rma- 

lri-*'i.r;:|ii«n; hydn.xidu’and 
a^deg^.«fbasi<ityc«niu...to..;;. 

oxyfluorideo produced if anal>mH tl ’ > ^ by thee 

riK soluble in absolute alcohol, but .lissolvs readdy ... Mi per unt. alcoho 
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On coolini^ the alcoholic soln. to —23^, a white crystalline mass is obtained which 
melts aa the temp, rises. The salt is also slightly soluble in a mixture of alcohol 
and ether. 

The majfirity of the inetalhuds have no action on beryllium fluoride ; when 
heat<‘d with (jxyg**n the fluoride is partly decomposed into an oxyfluoride or more 
probably oxide. Sulphur vapour has no action at 7.') ; it is virtually insoluble in 
anhydrous hydrfdltiorH- aeid, and doe.s not form a compound : with cone, suljihuric 
acid, it forms hvdrolliiorie and and her) Ilium sulphate. The alkali metals and 
inagneHiiim at a red hi-at n din e the flinjride to metallic beryllium, but the hygro- 
scopi( ity and the diflh ulty of fusion render the j»roce.s.s unsuited lor the preparation 
of the metal , the ac tion with potas.siiim beginsat 1.70’ ; with lithium and magnesium 
at about fi.TO’, and aluimmiim may be fused with bi'rylliiim fluoride without 
alt/<'ratiori 

In IHll, J. L. (hiy liU.ssac and C .1 Thenard, and .1. J Berzelius in 1823, pre- 
])ared potassium b6ryUiuni fluoride, BeK,^ 2KK. but they made no analyso.s. This 
salt was further studied by A von Awdfjrlf. Khoiiibic bipyramidal crystals of 
the salt are formed by evaporating a mixtun* of the constituent salts. J. C. G. de 
Marignac gives the axial ratios a ; 6 : c- () .'>7t>8 : 1 ; ()‘731I5. The crystals arc 
soluble in '»() parts of water at 2<» , and in lit parts of boiling w ater. The salt dei^repi* 
tates when heated and fuses at a red heat. According to II. Debray, if a large excess 
of bervllium fluoride be pn\si'nt. a .solid BeK KK is formed, but wdien recrystallized, 
crystals of HeFo2KK .ue produced TIu'.sr salts were also .studied by \V. Gibbs, 
and by J ('. G dr iMangnae Thr individuality of KKBeKo may be questioned, 
but (i Klatzo doubts the e\i.strner jif lioth salts, I*. Lels'au and .1 C’ G de 
Marignac believe both saItvS i‘.\.i.-.t Similar remarks ap]>ly to two SOdium beryllium 
fluorides, Het^ ^^‘‘d neF» 2XaF, prepared by J. ([ (I de Marignac ; and again, 
it is the last named form which is the more rea<lily obtained in crystals. Both 
salts (Tvstalli/.e m rhombohedral prisms. According to .1. (J. G, de Marignac, the 
salt Bel^o2Nak i.s dinioiphoiis. furnishing both rhombic crystals with axial ratios 
a : h : (i 8213 : I ; , and inonoclinic cr}stal.^ with axial ratios a:b:c 

(tt>!i2'.i; I .'(l ii'.il.p and '.I'.i i’o' .1 (' G. de Maiignac failed to get definite 
cr}stal.'* of Nab He Is, and. as m the ca.se of the ('orresponding pittassiiiiii compound, 
its imiiv i(lualit\ is m.c'n to doubt. .) (' (! de Marignac jirepared crystals of am- 
monium beryllium fluoride, Heb^ 2 Ml 4 F, b\ evajioratmg a soln of the eonqionent 
salts : and 11. voii llelinont bv evaporating a soln of beryllmm hydroxide and 
amiuomum fluoride I In* t-rysfals are either colourless lu'cdles or prisms belonging 
the il.oml.ic s\.sfeni wiili axial ratios, a. cording to .) C. G de Marignac, a:b:c 
-(»'.)t)88 ; 1 : 0 7:5ii7, ami isomorphoiis with lieF.^2KF. When heated the salt 
decrejutates, melts, and then d<'t omposes with the evolution of ammonium fluoride. 
According to II von Ilelniolt, thi- l>en Ilium is not eomiiletelv precipitates! by 
ammonia from the a<| soln. of this salt 


• Kl.l 

* .1. K. (»ji> laK'^U' imd I.. .1 lliou.inl. h'n /nnhfs ii/h/auo vhui^tqiics, Tans. Isll . ,J. J. Ber- 
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§ 8. Beryllium or Glucinum Chloride 

L. N. Vauquolin i oUauml a soln. of tl.o .hlon.lc in 1798. but if tho attempt 
be made to inola e the c i oru e by evaporutino ,h, aq. soln.. hvdwWm attended 
by the loss of hydrogen ehloride loav,-s a basu- ..alt as n*suiue. Much of (he hvdro- 
lysis, but not all, can be prevented by evaporation in the presence of anmumiuin 
chloride, or in a stream of hydrogen chloride 'I'he anhydrous ehloride, however 
cannot he pn‘pared from the hydrated salt obtaiih*d from' aip soln bv heating it in 
dry hydrogen chloride or in drv chlorine; the xsater i.s retained (iw tenaciously 
by the salt. Anh}Mrous beryllium chloride, Ih t'L. \\as not prepared until H. Rose 
obtained the sublimed salt in iSiiS by th«* a^'taui (»f a stream of chlorine gas on an 
intimate inixture of carbon and bcrvllium oxide. Whatever bo the metimd of 
preparation, the materials must )>e tlioroughly dried if the anhvdroiis ehloride is 
to have a high degn-e of purity. F. Wohler prejian-d the salt bv If. Rosi's process, 
and also by warming the metal in chlorine gas* Th<‘ nu'tal l>urns bnlliantiv, and the 
ehloride is sublimed. Similar methods were u.sed by A von AwdejetT. A .\ li Riisay, 
H. J. Debray, G. Klatzo, L V. Nilson and O. IVtters.son, .1. H. Rollok tiiul T. ’s! 
Ifumjiidge. L. h Nilson and 0. IN'tlers.^on also prepared the anhydrous ehloride 
by the action of dry liy<lrogi'n ehlornle on the metal H .) Debray pasised hydrogen 
chloride over the lu'ated oxide, and R Lebeau made the chloridt' by the a<'tion of 
chlorine or hydrogen elilt>rule on heated l)er\ Ilium earlude. L. Meyer jaissed carbon 
tetrachloride over lieatid biTNllium (*\ide ; F llounon. a mixture of eblonne and 
sulphur ehloride, S^t’L H Ibt.se (1818) al.o ealeiiu*d tiu' oxide, •earbonatv, or 
sulphate with umnumium chloride .Vucnlmg to K Mieleitner and II, Steinmeti:, 
when an ice-cold aq .soln of berylliuiii chloride in ether or alcohol is sat, with 
hydrogen ehlorule, and the produit is dried m \aeuo, crystals of hirahyiiratrd 
hirifllium clilondc. lieCL lll.db are formed , the erxstals were said to contain no 
combined ethi'r or alcohol K\er\ attempt bv (' L I^arsons to make the tetra- 
Indrnted beryllium ( hloiide, IhCl^ lH_tb prejtar«d by A. von AwdtqtdT. met with 
failure, no erystallini' chloride of an\ di gre<> of hydration could be obtami'd, and 
he doubts the eXi.stenee of sIK h H iolilpoillid 

Berylliuiii < filoride is a wliit'* <r\>1allui'- solid w Inch, aee<*rdiiig to IV b(d>eau, 
has the melting point I Id . T ('am. Il< \ S <id| i.s IIIIK h (o<» high .1 11 Pollok’s 
value is ’■ aliout bHi ' I, F Nil.son and O F.-ttersson give the boiling point 
a number eonlirmed b\ .) ii I’ollok. I> F NiLoii and 0 FettersHoii H \ alue for the 
vajioiir drnsity between Hid and IbL’ii h m agreennuit with tlu' btrniula Be(1|,, 
and this was eOiitirmed bv '1' S Huinpidg.- The molecular weight ib-termiiu'd hy 
A Ro.senheim and IV Wog.- from tin- b j» of soln. of beryllium eldoriile in pyridine 
is also in agreement with It ( .1 II Follok s value for the heat o! formation is 

(Be, (d 2 ) Ibb Cals. , W. .Ml* i. n/ and H von Wartenlierg gave (Be, Cl^) 112 (i 1 d'1 
Cal.s. for the heat of formation fr.uii b.r\ Ilium hydroxide and hydrochloric ai’id, 
ri</c .supra ; th.* heat of solution of b.r\ Ilium m hy<ln»ehlorie acid is 1*19 b (Sils. ; 
the mol, lit. of soln. in wat. r 1 1 b (’.jt , and in aleoliol ‘M I (!uls, S Meter's value 
for the magnetic susceptibility IS d l»i:;Ald units per gram, or -d'd’lHy pr** per 
mol. P. Lebeau savs tliat the molten < lilorich- doos not conduct the elect rn current ; 
W. Hampe says it does. 

Ber}'llium chloride verv n-adiiv h\droly/<-s m pr**s#*rice of moistiir.- H-veri that 
aliwjrbed from the atm. The re.idiie ha. tins |e euliarity ; it readily dissolves in 
water in accord with tin* fa< t that (»ne o(j td hydrochloric atud will dissolve several 
eq. of the earlionate. The ( id<»ridc whieli has absorbed a tra^e of moisture loses 
chlorine, for it gives too low a value h>r the ratio Jte ; Cl, and this eye/i when the air 
i.s dried with calemm chloride. IL-ncc the v.tv great care requioul to exclude 
moisture from the chloride in such determinations. Similar remarks apply to the 
acetate, sulphate, etc. Magnesium chloride also require.s great care in drying 
to avoid loss of chloride resulting from the absorjdion of moisture from the air. 
When an aq. soln. of l>er)'llium chloride is evaporated, hydrogen chlonde is evolved. 
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J. H. PoUok found the alcoholic aoln. i« a conductor of electricity. According to 
R. H6bef and F. Kieaow, the ta«U‘ of soln. of ber}dlium chloride is due to the cation. 

Berj'lliuiu chloride duuMjlves with great avidity in watof* and the process is 
attended by a hissing wjund. The soln. is hydrolyzed : BeCL>4"2H20^Be(0H)2 
-f2HCl, hut less than the corresponding soln. of ferric or aluminium chloride. The 
aq. soln. liave an acid reaction. The twjlubility of the salt and the degree of hydro- 
lyaia are both reduced by the addition of free acid. H. I^ey s and L. Bruner s values 
for th«i hydrolysis of aq. soln. with 12 and 20 gram-eq. per litre are respectively 
2‘1 and 2 2 [)er (♦•nt. ; and at IM) 7 , with an increase from (54 to 012 gram-eq. per 
litre, the hydrolysis increases from .'rl8 to 11 '2 per cent. J. K, Wood found the 
hydfOlyiU COOlUnt of a A'-soln of IxTyllium chloride at 2.")° is 0'(XX)232, and about 
T6 per cent, of the salt is hydrolyztMl ; he represents the first stage of the hydrolysis 
by B<;Cl2-fH2G^Be(()H)lHH<'l. A. lleydweiller measured the sp. gr., A and 
theeiecMcal conductivity* A, of soln. with m eij. of the salt per litre ; 8D represents 
the values of (D- reduced to*a vaeuum : 

m . . . Ofi 10 20 30 40 

8/> , . . I.KM) 511 71)1 1008 

A . .58 4 51 0 42 03 34 42 29 

and the re.siilue whieh remain.s may have almost anv degree of basicity according 
to the conditions whieh obtain. The evaporation of the soin. in a stream of hydrogen 
* chloride, or mixed with uminonium chloride, and subseipii'nt volatilization of the 
ammonium chloride, does not prevent the hydrolysis of the (‘hloride. Hence, many 
announcements have iieen mudt* of the pnqiaration of beryllium oxychlorides* imt 
these are ba.sed merely on analysis -e //. A Atterherg s claim to liave made a gurn- 
like mass of the oxychloride by the evaporation of the hydrochloric acid soln. of 
beryllium hydroxide ; or of a soln of heryllium chloride with the carbonate ; or by 
precipitating a cold soln. of tlie chloride with ammonia, vSimilarly, A. von Awdejefl, 
A. Atterberg. and (i. Kriis-s and II. Moraht tlmught they had jiroduced tetra- 
hydrated beryllium oxychloride, HeO BeCh lH.d), by the slow evaporation of the 
chloride over Hul[»hurio acid, hut (’ L. Barsoiis has shown that this process gives 
basic mixtures of varying degrees of hydration, and the product is probably a 
mixture of beryllium chloride and herylhuin hydroxide in varying jiroportions. 

J. H. Pollok’s claim to have separated heryllium chloride by fractional sublimation 
into a mixture of two produe.ts with ditTen-nt eip wa.s .shown by L. Parsons to be 
explained by tlie action of water on ber\ Ilium chloride, “ and that insiifhcient 
precautions were taken guard agam.st the presence of moisture.” 

According to A. Atterberg, beryllium <•, hloride is soluble in ether with wliich it 
forms a crystalline eom]M)un<l, Bef'l^ 2((’.,H5)20 ; according to P. Lebeau, it behaves 
similarly with alcohol* and is hut sparingly soluble in benzene* chlorolorm* carbon 
tetrachloride* and carbon disulphide. ]iel>eau also obtained comjiounds of 
beryllium chloride with ammonia, phosphine, and many organic basea—c.7. pyri- 
dine but ( 1 . Uenz was al)le to obtain only the (jumolme compounds. According to 

K. Mieleitner and H. Stinnmetz, the cold sublimed chloride readily unites with dry 
anjmoma, forming beiyllinm tetrammino-chloride* B<'(NH3)4(!1.^ ; whereas if the 
mixturt* becomes liot, berylUum diammino-chloride, Bp(Nll3)2Cl2, is formed. 
F. Ephraim prepared b^^um hexammino-chloride, [Bi‘{NH3)g]i’l2. which decom- 
posed before the dissociation press, of otH)' was reached. (J. L. Parsons also crystal- 
lized a compound of bt*rvllium chloride, ether, water, and hydrogen chloride from 
an aq. soln. of borvllium chloride sat. with hydrogen chloride mixed with an equal 
vol. of otlier sat. with the same gas, but K. Mieltdtner and H. Steinmetz showed 
that the product contains no combined ether. The marked hydrolysis, the combina- 
tion with, and the solubility in, organic soiventj* are outstanding characteristics of 
beryllium chloride. A. von Awdejeff, L. F. Nilson and 0. Pettersson, and 
T. 8. Humpidge state that iH'ryllium chloride attacks glisi ; but, according to 
C. L. Parsons, beryllium chloride can be subhmed in hard potash glass, without the 
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Oigh^ ogn of Mtion. provided all moiature i* aWiit. The leaat moirton oaoaea 
a thin ^ of oxide to form and adhen- tenai iouslv to the Klaw. Thia aim can eaaily 
be m^ken for c^aion. Acconling to P. L-lwau, lH>rvUium chloride doea not 
give Fnede and Crrft a reaction. Sulphur vapour heated with liervllium ehloride 
forcu beryllium aulplude. and sulphur chloride ; hydrogw inlpbide also ronverta 
red-hot ber>'lljum chloride into th<‘ sulphidt* 

While normal beryllium chlonde cannot Iw readilv priHlneed in the precnee 
of water, the double-aalta an- much inor.’ .stable, and are very ranch leas aubji-ct to 
the coofuamg effecta of hydrolyaia, Wclkoa ’ faded to prtMiare double oom- 
u; n chloride with tlu‘ chlondea ef |KjtAiwium or sodium ; and 

H. L, Wells and G h . Campbell failed to prt‘pare thu double chloride of l)or\ 11mm and 
cicsium , in every case the single salts (Tvstalhet'd side by side fnmi tbe mixed soln., 
and there \\ere no indications of the formation of a double salt tiven at low temp. 
Beryllium thus falls in line with tlu* series lh‘. Mg. Zn, ( 'd. Hg, in which the tendency 
to form double halogen salts increases witlr the at. wt A. Atfcrberg obtained 
double pyramidal crystals of auric beryllium chloride. AuCls.lVnjj. from a soln. of 
eq. quantities of the component siilts , and the later crop of cryatala wore 
Bf'Cl^.JAuCls. R. h. Weinlaiid and F. Sehlegulinileh prepared unstable hygroscopio 
golden-yellow needles of beryllium iodic chloride. 1»K% Beri,^.8lL(\ by passing 
chlorine into a hydrochloric acid soln of h(T\ Ilium chloride and iodine at Id . 
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and tJ. F. C'ttinjd)^!!, Amer. Jtrum. tScunce, (4), 46. 4.11, 1893 ; F. Ephraim, Rer.. 46. 1322, 1912. 


§ 9. Beryllium or Olucinum Bromide 

A. J. Balurd * susjnmded beryllium hydroxide in bromirie-water and found that 
very little passed into aoln. as bromide or brornatc ; nor did the liquid posseM 
bleaching qualities. F, Wohler mad<‘ the hromide by burning the metal in bromine 
vapour and also by the action of bromine on a heated mixture of beryllium oxide and 
carbon. T. S. Humpidge used a similar process, and F. Lebeau passed bromine or 
hydrogen bromide over heated beryllium carbide. J. B. Bert}u5mot made a soln. 
of the bromide by dissolving tbe oxide in hydrobromio atud, and says that on 
evaporation crystals of beiydlium bromide are formed, but A. Atterberg could not 
confirm this, * 
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Anhydrous beryllium bromide sublimes in long colourless crystals, the 
vapour density, according to T. S. Hurnpidge, is in accord with the formula BeBr 2 . 
T. Camelley and W. C. Williams gave the m.p. a number which, according to 
P. Lebeau, is far too high ; P. Leln-au’s value is 49(1", and he states that volatilization 
occurs below this temp. According to P. licbeaii, the fused salt does not conduct 
electricity ; but W. Harnpc says it doe.s, and H. N. Warren obtained the metal by 
the electrolysis of the fuwd bromide. The bromide dissolves in water with avidity, 
and much heat is developed. A.h in the ca.se of beryllium chloride, the soln, of the 
bromide is much hydrolyzed : HeBr^-j -H^Cb^^BelOHlo-flinBr. According to 
J. M. Ordway, beryllium forms a basic bromide, but the remarkfe with reference to 
the o.Kychl.jrid<'8 apjily also to the beryllium oxybromides. Beryllium bromide 
dissolves readily in ahohol, with which it form.s a< ry.stalliiie eompoiind ; and it also 
combines with ammonia and <»rgumc l>as<‘s. 
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§ 10. Beryllium or Glucinum Iodide 

P. \V(j|iler ‘ prepared a .sublimate of bervlliiim io<lide. Bid.^, in 1828, by burning 
the meUl in the vapour of iodine ; If. ,). llfbray. also, in l<S7.‘i. ])n'pared this salt by 
passing the vapour of iodine o\er the re<I hot metal We ha\e to dt‘]>end upon the 
work of P Lelieau, Sur I'tiKlurv tie t/Uu'tnum, for our knowledge of the properties of 
this salt ; he prepared it by leading dry hydrogen iodide or iodine vapour over beryl- 
lium carbide, Be.A', eonlined m a poreelam bout, m a eomi)U.stion tuhii at ; the 
salt sublimes ami <’ollects m tlie cooler parts <*f the (ulje. It can be ]»reserved in 
an atm. of dry carbon dio.xule. A«'eording to P. Lebeau, sublimed beryllium iodide 
forms colourle.ss nee<lledike crv.Htal.s, whieb arc (pm kly dee<)mpoK(‘d in moist air. 
The sp. gr. of the salt at l.'> is nearly 1 2 The crystals melt at ."ilu , and begin to 
sublime below’ this temp. ; aicording to 11 .1. Debray, the iodide is le.ss volatile than 
the chloride The iodide hods hetween and .V.).') ' The .‘^lighte.st trace of water 
attacks ber> Ilium iodide immediately, but it is not so sensitive after fusion, jirobably 
Ix’caust* less surface is exposeil, J. M. Drdway claims to have made beryllium 
OXyiodide, but there is no satisfactory evidence of the individuality of such a ('om- 
])ound. Beryllium iodide is insoluble in benzene, toluene, and tuqientine, and 
very sjiaringly soluble in carbon disulphide Bervlhum iodide is soluble in alcohol 
with which it forms a crystalline com|K>und ; likewise also with ether. Unlike 
Hliimiiiium itnlide, it does,not react U[K>n cold carbon tetraeliloride ; nor does it 
react with carbon hexachloride, C^CI^j. It reacts energetically with acetic anhydride, 
anhydrous chloral, and a large number of organic compounds. Ammonium com- 
pounds and organic bases—c,^^. aniline and pyridine— form crystalline compounds 
with lieryllium iodide. 

When berydlium iodide is heated in oxygen it take.s fire near a red heat, forming, 
according to H. Debrav, beryllium oxide and iodine. Beryllium iodide vapour 
burns in air, it can be distilled unchanged in dry hydrogen, nitrogen, or carbon 
dioxide ; but chlorine or bromine readily displace the iodine, and fluorine both 
displaces the iodine and unites with it. forming iodine fluoride— the attack by chlorine 
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and fluorine proweds in the cold with the evolution of liRlit mid heat. Sulphur 
acta on heated wryUium iodide, fornunft laTvIlium aulpliidc : liydropen aulphide 
forniB wmte sulphide ; and phosphorus, hervllnnn phosphide . at a n'd heat, eyauu^un 
reacts with beryllium iodide, forming u white solid, n hu h is jess volatile than the 
iodide, and which with wat**r «ives a sohi. rt'aetin^ like a ovanide aiul is probably 
bi'ryllvnn cyanule, BoCvo. Her\ Ilium umIkIi* m the t'old alistirbs largf* amounts of 
ammonia, forming white pulverulent beryllium sesquiwnmino-iodide, iMtelj .iNHj. 
which melts readily and ervhtaliizt's on eooiiiiii If hi'ateti m amiuoma^as. a higher 
amniitio compound appears to he ft>rmeil Sodium, potaHsium, and lithium reduce 
Ijcryllium iodide at about ; ina^zneMum, at about IThI ' ; and aluminium, silver, 
co]»jK‘r, and mereury do not n‘aet lielow tlit‘ temp of the wdtemng of glas.s 


ItKKEKKSeK'. 

* ]'. Wohler. y’t*!/j/. -t/Mt, 13. .^77. ls:.S. il .1 {»n ( Arm /'Ay.t . ,:i), U IsM; 

r. 1^'bciOl, (7). 16. I'Hi, IMMI, ( /.'t/M/.l26 I27‘j. I.Mis . .1 .M Ui'tlxtiiN. Unn Joum, 

Siuncc, (3), 26. 20.7, ls.‘>s. 


§ 11. Beryllium or Qlucinum Sulphide and Sulphates 

L N. \auquelinl foiiml that ber\llium oxulf is not elianp'd when heated with 
sulphur. F. Wohler believed that be bad made beryllium sulphiie by hfuitmii 
the met^vl with molten sulphur, but both H Debrav, ami b, F Nilson ami 
O. Pettersson failed to get evui'Uiee of a combination of tlH‘ two f'icmenls, nor could 

F. Freiny jirotluce tlie sul]iliide bv pu.sMiiL' tie* vaptmr of earbon disuljibide over 
iu'ated bcrvllium o.\ub\ .1 *.T Ib r/eliUM elaimed to liavt' madf' a dniibb* sulplndc 
of beryllium and tungHten, but this has not been eonfirmed 1‘, liebi-au. bowuvt»r, 
made bervllium sulpliide l»y iieating tin- anli\<lroiis ebbonle or UMlide with sulphur 
or with hydrogen suljihide ; and by tlie action of sulphur vapour on the t arbide. at a 
iiigh tenijn K. Mieleitner an<l 11. Stemimi/, pn-pared it by Iieating bf'rylliiim 
elilori<l<‘ in h\drogen suljihule ](uriti(’<l bv imoins of a (liroimom salt and ])bosnhoric 
acid Beryllium suljihide i.s a wliit.*' jiuKi rulmit solid, wliieb V. lelieau said is 
imriiediaUdv deiomjiosed by Wiiter. Imt wlm li, ae<ording l<» K. IVlieleitniT and 
H. Steinmetz, IS little fleconijiosed bv water even when bfoling , but is readily 
attacked by acid.s including atm carbon dni.\idi*. It burns with a bright flame; 
in contact with fone nitric a< i<l, suljiliiir is s'jiaratod . dry hvdrogen chloride, at a 
red iicat, converts it into tin* < hloride , ami dry bromine, at a red Inuit, eonve.rts 
it into tlie fironiide A htrylliu)ii /«//i/,m//;i/o 4 /c Ims not been [»re|iareti. 

In J7!t{*l, Ij N V'aiiquelin - ]in |iat<'d a gumm) mass <if basic sul|)bat4‘ by the 
action of suljdiuric acid on ber\lba .1 J. Jb-r/ebus, and H B. (Jmelin siuilicd the 
beryllium sulphates in lMi r>.aml jirejian-fl aeoinjauind w hieh was regarded asuhydro- 
or acid suljfhaU*, but whieli A. xon AwdejefT jiroved to be tetrahydratad beryllium 
sulphate, BeS04.4H9(), and 111' mijiloyefl this salt to fleternune the at. wt. of 
beryllium. Several others .1 \Ve< n n. (1 Klatz<j, L F. Nilson ami 0. Ih'ttersHon, 
and G Kriiss and II Moralit em].lo\rd the salt for the same jturnowq l)Ut 

G. L. I’ansons showed that wlnm (onfiiwd over phosjiborie oxide, the salt lost waU'r 
continuously and is not suited for determining the at w't. oi the element. Anhydrous 
b^llium sulphate, Ih’SO^, and live h\drates Ib SO^ H.^O, ‘ill^jO, “IHJ), CllgO, 
and THgO—have la^en reported, but the i-videnee for the heptahydrat-e, is jirobably 
not wcdl founded. L F Nilson an<l G Pettersson prepared a produid, which they 
regarded a.s the anhvdrous siiljdiate, by beating the by<lrate to 2otr ; ami M, Levi- 
Malvano obtained it by gradually heating tie- b}drate to and he ckiirns to have 
completely eliminated all the water Isdween 21H' and 220'. According to 
C. L. Parsons, however, the water of crystallization is not all exjielled oven at 250'' ; 
and there is no sharply defined line Is'tween the pointa where all the water is driven 
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of, tad where eulphanc anhydride begine to be evolved, in fact, they come of 
togetl^ over a coneiderable ran^ of temp. A produrt which is almost anhydrons 
and which has lost no sulphuric anhydride can be obtained at a temp, near the b.p. 
of folpbnr. P. Lebeau prepared an anhydrous sulphate by the wtion of cone. 

S tmrio acid on beryllium oxide, and evaporating off the excess of acid . Here again 
, Parsons claims that it is next to impossible to evaporate the last traces of free 
acid and water resulting from its decomposition, without decomposing a snaAll 
amount of the sulphate, and furnishing a product which leaves a small proportion 
of residue after the main portion has dissolved. 

Tetrahydrated beryllium sulphate was prepared by J. J. Beifselius by diswlving 
tile oxide, hydroxide, or carbonate in an excess of sulphuric acid, and removing the 
excess of acid by evaporation. The crystals were washed with alcohol. A. von 
Awdejef! recrystallized Berzelius’ product from hot water. 


0. L. Pamons prr^ceeda by ovaporatijgK the sulphuric aciJ soln. of beryllia in a platinum 
diah, and heating it below a red beat imtil the lar|);or part but not all tho white fumea of 
•ulphurio acid have been driven off. Tho product la diseolvcd in wafer, evaporated to ^ 
point of crystallization. A very alight excoM of beryllia in the aoln. prevonta the formation 
of the cryatala, and yields a non-ciyatallitable syrup. The cryatals can then be purified by 
washing with cone, alcohol, re-aolution in water, evaporation to a syrup and pouring, 
while hot, into excess of cone, alcohol. The soln. is at drat colloidal, but after‘ some hours 
the BeH04.4H,() orystaJiizea out almost completely. By repetition, the last traces of 
•ulphurio acid may be removed ; or, more uuiokly, beirlhum oxide may be dissolved in 
oono. sulphuric acid in a platinmn dish and tne excess of sulphuric acid be driven off by a 
Bunsen bpme^ held in the hand. Care must be used to heat but little hixher than necessary 
to remove the excess of acid. The mixturo of anhydrous sulphate with a little oxide, 
resulting from its own ilecomposition, is then treated with water and allowed to stand. 
While (mite insoluble at first, tho sulphate will have dissolved in the (H^urse of one or two 
days. Filtration from the undiiMolved oxide and ciystaUization yields a prcKluct of a fair 
degree of purity. 


A. Attorberg prepared dihjdrttad beryllium sulphate, BeS 04 . 2 H 2 <>, by dr}'ing 
the tetrahydrate at 100 '". It was also prepar'd by L. F, Nilson and 0 . Pettersson, 
and 0, Kriiss and H. Moraht. C. L. Parsons showed that the dihydrate is fairly 
stable in dry air at ordinary temp., but betwi'en 100 ° and 1 10 °, it slowly loses water, 
and, with sufficient time, the loss is continuous. The transition temp, for the 
tetrahydrate and the dihydrate is 113*6°, as illustrated in Fig. 3. If aleohol be 
added to the soln. at a temp, below 100 °, or if the soln. be evaporated helow' this 
temp., the tetrahydrate is formed, and if above 100°, the dihydrate appears. M. Levi- 
Malvano elaimed that in a sealed tube at 158°, the dihydrate passes into mono* 
faydratod beryllium sulphate, BCSO 4 .H 2 O. Progrt'ssive dehydration, by heating, 
of tho tetrahydrate of beryllium sulphate confirms the existence of the di- and mono- 
hydrates, tho former being obtained at 55°-60° and the latter at 100°, indicating 
the oxiatonoo of a homihydrate obtainable at 1.50-160°. The anhydrous salt 
obtained at 250° is stable up to 530°-640°, and thus allows of the estimation of 
beryllium in the form of its sulphate. 

0. Kiatzo claimed to have prepared monoolinio prisms of heptahydrated beryllium 
•ulphate, BeS 04 . 7 H 20 , from a strongly acid soln., but C. L. Parsons showed that the 
copditions which 0. Klatio descrilwd for the preparation of the heptahydrate do 
not furnish any such salt. The analogies between beryllium and magnesium salts 
probably misled Q. Kiatzo into believing that possibly an imperfectly dried sulphate 
was analogous in composition with heptahydrated magnesium sulphativ J. C. G. de 
Marignao once obtained a mass of eflloresoent prismatic crystals, of what he regarded 
as httxabydnM beryllium sulphAte, fieS 04 . 6 H 20 , by evaporating a supersaturated 
soln. of sodium and beryllium sulphates. M. Levi-Malvano could not obtain 
crystals of the hexahydrate from sola, of the tetrahydrate ; but he obtained them 
by tho action of an excess of slightly diluted sulphuric acid on enough beryllium 
hydroxide or carbonate, at ordinary temp., to ensure a state of supersaturation of the 
sulphate. By suddenly shaking the mass, orystallixation occuned. The soln. 
should contain an excess of acid, and inoculation with crystals of the hexahydrate 
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does not ippsw of any aasistanoe. CiysUlliiation in the cold did not ipecialiy 
favour the format^n of the hexahydnte ; but supersaturation seemed to be the 
one neoes^ condition. C. L. Parsons and C. T. Fuller made many attempts to 
produce the bexahydrate, but without success, and they attribuUMi their failure to 
the omission of some essential condition other than 8U{)ersatunition. Once the 
bexahydrate had been produced, M. Levi-Malvauo found that it crystalliaed from 
aq. soln. at temp, as high as 50*. and he even threw it out of soln. at 90* by the 
edition of boiling alcohol ; at —30*, the ervohvdrate, a mixture of ice and the 
hexi^ymte, W'as formed. F . Wirth also said that the solid phase in contact with 
sulphuric acid up to IS^Y-soln. is the hexahvdrate, hut H. T. S. Britton could 
obtain no evidence of the existence of the bexahydrate ; he re|Mxated F. Wirth's 
observations, and generally concluded that “ if the hexah) draU* does exist, the 
conditions for its preparation have not yet been destmbed.” 

According to C. L. Parsons, anhydrous In'rylHum sulphate is alpiost insoluble 
in tdotor, but it is slowly converU'd by cold water, and rapidly by hot wafer, into the 
tetrahydrate, The solubility of lx*ryilium sulphate has been deti»rmined by M. Lovi- 
Malvano. He found for the stable system : 


SO’O* 40 0* wo* sa-O* M)7-2* Ul‘0* 113 IlO’U* 

Per cent. BeSO^ . . 30 5 31 tf 38 3 4 3 3 47 5 53-6 56 2 — Gtt-O 

Solid phases . BeS 04 . 4 H ,0 HeSO^ aHjO 

where 113*6* is the transition temp, from the tetrahydrab* to the dihydrate. For 
the metastable sysU'iii, he found : * 


Per cent. BoSO| 
Solid phases . 
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72-2* 
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sot)" 
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01’4* 
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IOS‘0* 

6i‘8 


BeSO,. 011,0 


BeS0«.21£,0 


The results are plotted in Fig. 3. There is a transition temp, at 77’4* for the mota* 
stable hexahydrat<‘ and the metastable dihydrati*. As indicated above, the dihydrate 
passes into the monohydrate at 156". 

Beryllium sulphate thus appears to be 
soluble* in its own weight of water, but, as 
F. Ephraim has emphasii5<*d, the imn)l>ers 
are aflfected by an error due to the fact that 
the tt‘trahydrate was obtained from soln. 
with an excess of sulphuric acid, and F. Wirth 
obtained lower values for the solubilities 
For example, M. Levi-Malvano obtained 
a solubility of one mol of BeSO, per 
11*18 mols of water at 31* and one mol 
of Be804 !>***■ water at 25"; 

or, 100 gnus, of soln. contain 33*67 gmis. 
of BeSQf, or 100 gnns. of waU-r dissolve 
50*78 gnns. of BeS04. F. Wirth found 8*262 
grms., or 0 07857 mols of BeS04, in KK) 
gnns. of soln. The addition of small 
proportions of mtphuric acid lowers the. 
solubility of beryllium sulphate but slightly ; and with profiortiona beyond \2'bN- 
acid, the bexahydrate passes into the tetrahydrate, and the solubility decreases 
much further. The solubility in 20iV*acid is about one-fourth of the value for water. 
F< Wirth gives for sulphuric acid of different normality, the following solubilitiM 
at 25* in grams per 100 grms. of soln. : 
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10 30 40 SO 66 
Par cant SeSOf * 
SolubiJiiy Curves of. BeryiUum 
Siiiphiite. 


HtSO, . 0 1 1 211 4 32 lO'S 12 6 146 16D6 20’76 Uft 

. 8*212 8*429 7*944 6*608 6*778 6*628 6*488 8*640 2118 2*116 
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Tlw wrolta m plotted in Fig. 4. H. T. 8. Britton’s results at 25® are quite different. 
He {onnd the solid phase in all oases to be the tetrahydrate, and expressing the 
normality of the sulphuric acid by N, and the cone, of the soln, in grms. BeS 04 
per 100 grms. of sat. soln., he found : 


K 
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Fia, 4 — Solubility of Bt'iyllaiin 
Suljihate in, Suipburu! Acid 
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According to K. Taboury, dihydrated beryllium sulphate crystallizes from a cone, 
soln. of sulphuric acid, and the tetrahydrate crystallizes from a dil, soln. Magnesium 
sulphate crystallizes from a soln. containing much 
magnesium chloride and then retains four in place 
of seven mols of water. There is no evidence of the 
formation of an acid or hydro-sulphate. Tetra- 
hydrated berj’llium sulphate is insoluble in abso- 
lute fftcohol; but, according to J. Thomsen, and 
H. Debray, aq. alcohol dissolves marked quantities 
of the salt. 

According to A. von Awdejeff, the bipyramidal 
crystals of tetrahydrated beryllium sulphate belong 
to the tc-tragonal system, and, according to 
II. Tbpsoe, the axial ratios are a : c == 1 :0'9461. 
Observations have been made by A. E, Nordensk- 
jold, and G, Wulff on the multiple twinning of 
the crystals. According to G. Klatzo, the, crystals of 
the unconfirmed heptahydratc are inonoclinic prisms. 
Mixed crystals of beryllium and aluminium sulphab.'s were studied by G, Briigelmann ; 
J. 0. G. de Marignac, A. .\tt<*rberg, and J. W. Rt-tgers observed no signs of the 
formation of mixed crystals with the sulphates of copper, magnesium, zinc, man- 
ganesi!, iron, or nickel. According to F. Zambonmi, the hexahydratc furnishes 
cubic crystals. L. F, Nilson and 0. IVtt^'rsson gave ‘J'l l.'i for the specific gravity of 
anhydrous beryllium sulphate. For tetrahydrated IsTyllium sulphate, H. Tbpsoe 
gave l'72r); L. F. Nilson and 0. Pettersson, 1 713; G. Kriiss and H. Moraht, 
1*7125 at 10*5" ; and H. 8ta!lo, r()743 at 22®. H. Jalin, and II. Traube measured 
the molecular solution volume of beryllium sulphat4> soln. with 11 28.3 and 20*281 
per cent. soln. of beryllium sulphate and found the resjjce.tive sp. gr. to he 1*00366 
and 1*17874, and the mol. soln. vol. to be 23 0 and 2.> 7 at 1 Beryllium has a 
greater soln. vol. than is usually the case with bivalent elements. J. Wagner found 
the viscosity of N-, ^iV-, IN-, and ijA-soIn. of beryllium sulphate, at 25®, to be 
respectively 1*3600, 1*1620, 1*0740, and 1 0151, when the vi.scosity of water is unity. 

According to 0. L. Parson.'^, tlie aniiydrous sulphate Is stable in dry air ; so al^ 
is the dihydrate. According to L. F. Nilson and 0. Pettersson, the crystals of the 
tetrahydrate are stable in dry air, but J. Weertm found that they effloresce in dry 
air at ordinary temp., and also, according to H. Dcbray, in warm dry air. 
C. L. Parsons found the vapour inUSSUre of the U!trahydrate at 20® is equal to the 
press, of 20 mm. of olive oil, and increases rapidly on a rising tenq). ; the tetra- 
hydrate gradually loses water of crystallization when confined over phosphorus 
pentoxide, and J. Weereii found the crystals lose one-thinl their water of crystalliza- 
tion at 35®. According to A. Atterbeig, the tetrahydrate loses the eq. of two mols 
of water at 1(X)® ; at 150®, another mol of water is lost ; and all is given off at 180®. 
L. F. Nilson and 0. Pettersson found that the tetrahydrate loses two mols of water 
between 100® and 110®, and the rest at 250®. Q. Kriiss and H. Moraht also stated 
that all the combined water is lost at 250®. According to A. von Awdejeff, and 
H. Debray, the tetrahydrate first loses water, and when heated more stron^y, 
it loses sulphur trioxide, as sulphur dioxide and oxygen, and beryllium oxide remains. 
J. ,Weeren found that no sulphur trioxide is lost at 200®. G. Marchal found the 
thermal decomposition between 590® and 830® corresponds with BeSO4=BeO-lrS0|5, 
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and 28(V^S0,4-02 ; and logp=-14907r“i--14 I log T^hl'^7, whew p denot^ 
the partial press, of sulphur trioxide. The computed hMtt (A ^toooAthNI i» 
— 53‘5 cals. 

According to C. L. Parsons, also, when anhydrous beryllium sulpliatu* U heated, 
it be-gins to lose sulphur trioxide at about IW'’, and as J. J. Berwlius found the 
decomposition is complete at a white heat. The mating point of the dihvdrate in 
ft sealed tube is U5^ and the molten salt boils at M. U^vi-Malvano found the 

tetrahydrate partially melts in its water of crysUlliratiou if ra]>idly heated to 1 10'^, 
and begins to bubble and boil. At 125^ the mass again Wcomes dry. The hexa* 
hvdrate was found by M. Levi-Malvono to melt at 78 8^, with the 8i‘i)aration of a 
niass of crystals which later pass into soln. ; on cooling, the li(juid frtH^res at 67 , and 
the temp, then rises to 68 4^. According to L. F. Nilson and 0. IVtterssom the 
gpeciflo host of anhydrous bervllium sulphate is O llUH. J. Ihomsen found the 
heat of solution of a mol of the ‘tetrahydrate in 4a> mols of water te be 1 It) UU. ; 
J. H. Pollok found OSo Cal. For the beat of formation frmn berylhum hydroxide 

and sulphuric acid, vide supra. 

According to H. Tdpsdo and C. Christiansen, the tetragonal crysUls of tetra- 
hvdrated beryllium sulphate are uniaxial, optically negative, and doubly n fraeting. 
The teHiftiw of refraction, p. of the tetrah.ydrate, averaged from measurenumU by 
G. Wulff, and H. Tdpsoe and C. ('hristianmui, are ; 

Ordiuuf) rny. KxtUkcrdiuwy r*y. 


J, H. OUdstone and W. HibWrt give « 41 for the motecuUr wtw^cn of 
solid aulphato, and 47 94 lor the same salt in a<i. aoln. H. Jalm found tlw 
rotation to be 0-2889r), and the mol. clectronmgnctio rotation "j •^1’'“”" 
I!!miLln. to be f83 (water unity). H. Is-y found the eq. Ot^ucUyit,. 

A, of soln. with a mol of beryDium aulpbute m o litrea of waU'r, at » > , to In. 


RniK H Lev and L Bruner found that beryllium aulphaU' ia bydrolywil in soln., 
Both H. Ley, and i, oran^ lo r aluminium and ferric aul- 

but the percentage . o ^ Af- and d f^-soln. are hydrolyied 

phatoa ; beryllium slhaL i. 

respectively 0 52. ^ ^ “ P l-volutioii of hydrogen ; Uberatea 

strongly acid to 1^1 . ‘ dissolves a reUtivelji large proportion of 

same sweet taste at equal iomc cone. A(Xor^ng J 

C^nd I) Lue found beryllium iulpbate remit, with magnesium fluonde, 
forming beryllium auoride. , , Berxelius « showed that a soln. of 

•!; ss, str, 
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MMgned no lonnol» to the bwie sniphetes. By diluting a oono. lolit of 
fu^hate, lat. with beryllimn hy^xide, A. Atterbeig also obtained 
t ^ pfeoipitate to which he aengned fonnulsB, Be804.5Be(0H)£.2H20 and 
|hlM)4.7Be(0H)2.H20. He aleo evaporated eoln. containing two and three eq. of 
; ^ oxide to one of acid, and obtained retidm corresponding with the formuUe 
given by J. J. Berselios. 

0 . L. PaiBona showed that the Quantities of hydroxide or carbonate dissolved 
are proportional to the cone, of the soln. of the beryllium salt, but the proportionality 
ii not so apparent with dil. solo. A variation in the acid radicle determines the 
•olnbUity thus — the sulphate can dissolve three e(j. of beryllium oxide to one of 
•ttlphate, the chloride can dissolve four eq., and, as J. M. Ordway showed, the acetate 
can dissolve six eq. The dilution of these soln. with water furnishes non-crystab 
Usable highly basic precipitates; the evaporation of the soln. leaves a gummy 
residue. The dried precipitates and evaporation residua are non-crystallme and 

t iy, they vary in composition wil;h the cone, of the soln. from wUch they are 
ved, and the extent to which the acid dissolved the base. By diluting the more 
basic soln, of beryllium sulphate C. L. Parsons indeed obtained precipitates with 
BeO : 8(^ as 25 : 1. When the precipitates are washed they become more and more 
baato, and hnaUy approach the composition of the hydroxide, although the last 
trace of acid cannot be removed by washing. The evaporation of the mother liquid 
remaining after the separation of a precipitate also furnishes non-crj'stalline and 
glassy masses which are physically mdistinguishable from the basic precipitates 
«X0«)t that tljoy are soluble in water. 

C. L. Parsons, W. 0 . Robinson, and C. T. Puller found that the f.p. of soln. of 
beryllium sulphate is raised by beryllium hydroxide, and they concluded that there 
la a compound formed between the normal sulphate and hydro.xide giving a smaller 
number of effective osmotic parts; or there is an aggregation of the dissolved 
molecules ; or the hydroxide is c.olloidal in its nature and interferes with the free 
movement of the crystalloid particles. Attempts to pr<‘cipitate a soluble basic 
sulphate by the addition of electrolytes gave negative re.sult8. When the soln. 
are dialysed, the membrane has a tendency to separate the excess of base from the 
normal salt, but no such separation occurs when the normal sulpliate is dialyzed. 
The electrolysis of the soln. and measurements of the transjiort of the ions show 
that no complex anion containing beryllium is formed . The dissolution of hydroxide 
by soln. of the normal sulphate lowers the electrical conductivity. 

It is therefore inferred that when beryllium hydroxide dissolves in a soln. of one 
of its normal salts, there is no evidence of the formation of a molecular complex, 
or of a colloidal soln. C. L. Parsons stated that the soln. of the beryllium salt acts 
M i wlvcnt for beryllium hydroxide in a manner exactly analogous with the dis* 
solutioQ of camphor by acetic acid. It is also concluded that the so-called basic 
berjrllium sulphates do not exist as separate and definite chemical compounds, but 
are in reality solid soln. of the hydroxide and sulphate, which are much more basic 
in oompositiou when oquilibrium with the mother liquors is reached than when first 
precipitated. The truly baaio compounds of beryllium so far obtained, which arc 
oryst^line and of a definite oompoeition, belong solely to the fatty acid series. 

A number of hydrated double sulphates of beryllium has been prepared, but 
they have not all ^en tested by phase-rule oritoria. L. N. VauqueUn * probably 
made a dihydrated potaniom b^mom ffOlpbate, BeSO4.KsSO4.2HsO, and the sidt 
waa described by A. von Awdejeff, and subsequently by H. Debray, J. C. G. de 
Mazignao, etc. It is made by the evaporation of a soln. of eq. proportions of the 
component salts. The crystals are colourless and so ill-defined that J. C. 0 . de 
Mangnao was unable to determine their form. A. von Awdejefi found that they 
are mefbh more soluble in hot than in ooid water, and, according to A. Atterberg, they 
lose all their water of crystallization at 100*". G. Klatio clmmed that the ezystaia 
which separated at “ 2 ® or - 3 ® are trihy(^ted,K, 80 ^,BeSCl!^HsO. W.Grahmann 
iound that potassium and beryllium sulphates form a sin^e fompound in tetragonal 
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oiystalt, potassium beryllium fcriaulphate, Kj804.2BeS04, with a maximum ou the 
f.p. curve at about 910* — ^Fig. 5. Solid soln. are not formed. H. T. 8. Britton and 
A* J. AUmand studied the ternary system KMSO4- Ih SO* 41^0 at and obtained 
the results summarized in Fig. 6, the only complex observed was L N. Vauquelin^s 



Kio, 5. — Ffoezmg pomt (.’urv»*h of Hmaiy Kus. «»- Soltihihty of Mixuiw^ of 

Mixtures of KjS(\~BeS(),. K..8O4 BrSO, sn Water at 2ft". 


salt, K2S04BeS04.2H^0. H. Debrav )»reei|iitated f<*trttliydriited potanium 
beryllium hydrosulphate. 2K..().Ii< () 48a,.rdr,(). or Ih-sOi K.,8()4.2KHK04 IH^O. 
by adding dil. sulphuric acid t-i) a mixed soln. of the comjionent RaltjH ; ^ud A. AtU’r- 
berg evaporated a strongly m id soln of e(j. proportions of the eompont*nt salts. 
The fine acicular prisms lose 11 To per rent, (.’i mols) water at l(M)'^, and 3‘dl per 
cent, (one mol) more at 3(K)'^ ; at a dull red heat, one-fourth of the Hulfihur irioxKle 
is lost. A. Atterberg prepared radiating star .shaped groups of fine aeit ular crystals 
of dodecahydrated 8^um beryllium sulphate, 2Na2804 :JBe8()4.12H20, by evapo- 
rating to a thick syrup, a aoln. of at least 
three mols of beryllium sulphate to one 
mol of sodium sulphate. The crystals are 
stable in air. A. Att<‘rb<‘rg also pn‘pan*d 
crystals of dihvdraU*d ammonium beryl- 
hum sulphati BeS04.(NH4),,S04.2H20, 
from the syrupy liquid ohtuine<i by evapo- 
rating a soln. of the comj)oncnt salts on 
a water-bath, and then over cone, suljihuric 
acid. The crystals lost all their Nsater at 
100®. H, T, 8. Britton's study of the ter- 
nary system: BcS()4 ■-(NH4)2S04 
at 25°, Fig. 7, showed that this is the only 
double salt stable under them* conditions. 

G. Klatzo claimed to have made tetragonal j/,,.. 7 Kf|uilihrjimi riwww in Uio Ter- 

crystals of berylhum cupric sulphate, imry Sj-ntem, ik;S(j, (NHj.hu, HgO 
Be4Cu(804)5.20H20, isoniorfihous with Ht 26 “. 

tetrahydrated beryllium sulphaO* by * 

adding an excess of beryllium sulphate to an acid soln. of the cupric salt ; and 
triclinic crystals of BeCu9(S04),o-V'H20, by keeping the cupric salt in exwss; but, 
according to J. C. G. de Marignai*, Ls’rviliurn cupric sulphate cannot be obtained, 
and J. W. Retgers found that the component salts do not form isomorjihous mixture!. 
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§ 12. Beryllium or Glucinum Carbonate 

|j. N. ViUKjUeliii notu-ed tlnit hervllnim hydroxnle readily attraefs earbon 
dioxide from the air; ntid he noted the sidiilniity, m wdn alkali or nmnioniuiri 
carhonuti', of the preeijdtate olitained by adding an a(( soin of amiiioniuiu eurbonate 
to a 8oln. of berylliiim hxdro.vide ; and J. .1 Berzelius not«‘d tiie .solubility of the 
precipitate iii aoln of other amnionmni .salt.s. Normal beryllium carbonate^ BeCOs, 
i.s not known. () Klatzo ^ elairned to have made small crystalline ma,s.se.s of the 
telrahydrate, Bct.’On lll.d). by passing carbon dio.xidc into water with beryllium 
hydroxide in suspension, filtering, and evaporating in an atm. of carbon dioxide. 
U9 further statiul that the product loses its water and one-sixth of it.s carbon dioxide 
at UK)'’, and half the carbon dioxide at 1HK)^ There is, however, some mistake 
because the carbonate is so readily hydrolyzed by water that in acj. soln. the product 
is always a basic beryllium carbonate, or beryllium oxycarbonate. Bimilar results 
are obtained w hen a soln, of a borvlliuin salt is preeipitatcd with sodium or potassium 
cwbonate, or when a soln. of beryllium hydroxide in one of ammonium e.arbonate, 
or sodium hydroearboiiate, is boiled ; chemically, the basic precipitate is much the 
same, whether it is precipitated by the addition of a soluble carbonate, or by 
boiling an ammonium carbonate or dil. sodium hvdrocarbonate soln. In either case, 
notable quantities of the precipitant are occluded, and are not all removed by 
wasliing. F. von SehaITgotsch found the basic carbonate precipitated by ammonium 
carbonate was not free from the double ammonium beryllium carbonate. 
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According to C. L. Parsons, occluded ammonia be removed by prolonge«l Ixulinji 
or by intermittently passing carbon dioxide tlirough the precipitate «us|>«‘ndeci m water, 
(Utei^ off the liquid and repeating. Many hours' boih^ is required by the linst pnH'iHlure. 
and the residue left is almost the pure hydroxide, while if the swHmii method is uh»m 1 the 
purification is a matter of days, but the residue is about as rich m the t'O, oonqKment as 
when first procipitatetl. Passing earlKui dioxide through the boilmg liquid has little elTwt 
on the result as woidd naturally Ih' expeoteil. The ammonia may Iw rtMiuntd with but 
little loss of carbon dioxide, by momentarily boiling with steam, filtering, adding fn«h cohl 
water, and repeating the ojienition fx'veral times. Ordinary washing with hot watar do«w not 
seem to be effective. Drying at 100^' does not remove the oci'hidtHi ammonia, but its odour 
becomes immediately apparent on heating to the jioml where the carlxm dioxulc Ix'gins to Ixi 
(*volvod. * 


A number of different fonnul.e has been reported for the basic carbonate. The 
proportions, BefXfa : liefOH).^ : HoU, were rt‘pn‘sente<l )ty F von SchujTgotach aa 
2:7:2; by J. Weeren as 2:7: 3 ami 4 : S : fi ; by H. liebray, and by (1. Klatro 
as 1 : 2 : 3 ; by T. Parkmann a.s 1 : 2 : .r ; by K. Si'ubert and M. Klten as 1 : f> : 3 ; 
and by J. 11. Pollok as 1 : 2 : 2. 'Dien' i.s hen** nothing to indicate that any one of 
these formuhe reprefK'nts a cheinieal individual. 

These reports of the ecunposition of the basit' earlionates obtained under various 
conditions, are themselves evidence that the different ba.sie earbonalea are merely 
different stages in a slow proee.ss of approach to a y«'t unknown condition of e<|ui- 
librium in the ternary system BeO -t'O^-’HoG- According to C. L. Parsims, 

■' m the prt'sence of the largest possible amount of carbon dioxide, the conijMisition 
!ip{»roxiniat/<‘,s to 1 : 2 : /, but boiling not only increases the liMlrolysis.^liut removes 
carbon dioxide from the system, and slowly causes the solid jduises to ap]iroach the 
pure hvdroxide. ” Acrordiiig to F \on ^khatTgotw-h, the precipitate oblumed by 
using an alkali carbonate is gelatinous and <lilfieult t4» wash ; ami, aci’ording to 
.1. J. Berzelius, that obtained bv boiling an ammonium carbonaU* soln m granular and 
liiters easily. Airording to .1 H. 1‘ollok. a litre of a sat. soln. of ammonium earbonato 
dissolves ail amount of freslilv pn-cijiitated iM ryllium earbonaW or hydroxide e.|. to 
22 gnus. b<‘rvllia . and when tins .soln i.s boiled, carbon dioxide and ammonia escape, 
and the white granular basic carbonate* pn'cipitate begins to appear. According 
to (’. b. Parsons, the boiling is be.st done by blowing in steam, otherwiw* violent 
bumjung take.s jdace, winch is not altogether prevent^'d by continuous Stirling. 
The basic carbonate vari.‘s in composition as the jirecipitation progresses; for 
example, the first portion.s precipitated under these conditions ari' richer in carbon 
dioxide than the later preiipitate. whieli, according to K. f^imbert and M. Klten, hw 
the composition 1 : 3 : 3 ; and if the boiling is continued until precipitation w 
complete C L. Parsons found the comj.oMfmn approximates to 1:3: 2 (when dried 
over sulplmrie acid) ; on th.« other haml. if the soln. be ifiluted more hydrolysis occurs 
with less boiling, and the eompositioii of the precipitate approxinmtes to 1 . 2 , x. 
This product can be dried at b'/t) without loss of carbon dioxide. If the boiling be 
continued, carbon dioxhle is gradually lo.nt, and the product ajijiroximat^'s to that of 
the hydroxide. (' b Parsons attempted to in< rcafu‘ the carbon dioxide component 
by passing the gas under press over the fresh precipitati*. and over t lie fri'shly 
iirecipitated h\droxide, but without success P. N. Kaikow P 

cipitate(llsTy!liu!nhv<lroxideab.sorb8cnoughcarbondioxidetoformIMJ)3 311e(Ulllj, 

and F. K. Cameron and W. 0 Hobmson im-asured the vap. press, of carbon dioxide 
over wet beryllium hydroxide at d . luid found a slight absorption of carbon dioxide, 
but no evidence of the formation of a dctinit^' carbonsU*. Ihe vaji. press, curve m 
cm. of mercury approximab-s to a straight line, : 


Gnns. COj oddal . 
Vap. press. . 


OmK) OOlt 0 0H4 012fi 

7(t M7 101 205 

0 


0 JH2 0 23K 0 252 

271 :t:to 346 


The basic carbomde precipitated from U)ilmg ammonium i-.arlwDate soln. has 
no definite composition, but it is a (xmvenient sriurcc for the preparation of beryllium 
salts because it readily dissolves in aci<ls. and if the occluded ammonia be removed, 
the salts are of a high degree of purity. The substitution of sodium hydrocarbonatc 
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for •mmomam crbowte giv.» . precipitate to readily » P“"'' 

farm, and conUminaPd with adaorM aodium carbonate, ^th palpitates m„ 
be oontominated with a little alumina it such be present in the system. 8. Mey, , 
gars -HtWxir • units w t grin. orOOnxKr^ unite per mol for the magnetic 
fusoeptibility ot what he rr'garded as Bi-t.'O, ; and -00.50X10-^ umto per grm. or 

•- 0 ' 030 xl(r* unit« per niol for what he regarded as BeCOa-BeO, 

Aji Bq. soln. of mdiuni oarhonat^? was found bv' F . von Schaffgo^h to dissolve 
beryllium carbonate ; if bery Wa be fused with an excess of sodium carbonate, 
between 8‘7 and 9'5 per cent, of carbon dioxide is expelled in hrs., and when 
extracted with water, about 77'8 per cent, of heryllia reniaiift undissolved ; that 
which passes into soln. is gradually precipitak‘d by the action of atm. carbon dioxide. 
C. G. Gmclin found beryllium carlamate is dissolved by an acj. soln. of potassium 
carbonat<!, but Ixiryllia precipitated from a boding soln, of jiotassiuni hydroxide, 
and, according to F. von SchalTgotsch, ignited lx*ryliia are not soluble in that men- 
atruuni. If a soln. of beryllium ifnd potas.siuin carbonatt's be boiled until the 
precipitatii begins to form, and alcohol be then added, H. Debray found a 
potwfiulll baryllinin carbonata to which he assigned the formula 3K2Be(C03)2. 
Be(0H)2 is precipitttti'd ; it was also obtained as a whiU‘ jirecipitate by adding alcohol 
to a soln. of beryllium hydroxule in potassium carbonate. If an ammonium car- 
bonate soln. of beryllium hyilro.xide be treated with alcohol, the white precipitate 
which forms is fairly stable, and its compositum depends on the relative masses of 
the Cromponent salts. H. Debray obtained ammonium beryllium carinate by a 
similar ]iroc?ss to that desi^ribed for the potassium salt. The composition of the 
precipitate is 3(NH4)2Be(C()3)2.Be(()ll)2, ai'eording to H. Debray, and G. Klatzo, 
while T. 8. Humpidge assigns the formula L*(NH4)2Be((X)3)2.Be(()H).;.2H20. The 
product loses ammonia and carlmn dioxide, slowly in the cold, but rapidly when 
neated. 
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§ 13. Beryllium or Olucinum Nitrate 

, L. N. Vauquelin ^ obtained beryllium nitrate as an uncrystallizable elastic mass 
by evaporating a soln. of the hydroxide or carbonaN* in nitric acid. J. F. Gmelin 
made a similar oliservatioii as to the extreme ditheultv in crystallizing the nitrate. 
J. M. Ordway precipitated a soln. of beryllium sulphate with barium nitrate, and 
evaporated the soln. over sulphuric aci<l. The resulting solid approached the normal 
trihydrated nitraU* in composition, ]ik‘(N03)2.5H.20, but was still basic, as must 
necessarily occur when the salt w prepared in the presence of water in quantity. 
The commercial nitrate smelly strongly of nitric anhydride. The aq. soln. is strongly 
acidic. H. Ley, and L, Bruner found that soln. with a gram-eq. per 10, 20, and 40 
litres were respectively hydrolyzed 1*8, 1*8, and 1*0 per cent, at 40®. J. M. Ordway 
remarked on the readiness with which the nitraW loses water ; at 100®, for example 
its composition approximates to 2Be(NO^)2.BeO. C. L. Parsons also found that by 
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evaporatiBg an aq. aoln. of the mtrat4\ it Womea strongly basic below JVO®, A. Atter* 
berg did not succeed in making the nitratt'. 

According to G. L. Parsons, cnstals of teirahydnUnd bttryiUiim nitnUi^ 
Be(NC>j)2,4HjO, are easily made by saturating nitric <M;id with basic beryllium 
carbonate, evajmrating to a syru|iy consistency, adding cone nitric acid in ext^ess, 
and crystallizing therefrom. He added that “ the crystals an* highly deli»|ues(H*nt ; 
they readily loae nitric anhydride, for they an* stable onlv in the j»n*8»*nce of cone, 
liitric acid, or in equilibrium with its vapour ; and they melt in their own water of 
crystallization at 60*5®”; J. M. Ordwaygave (k) ’ for the m p. and added that the 
molten liquid can be under-cooled to when it i rvsUllizes, during which the 
temp, rises rapidly to about r)8®. A<-(ording tti (\ L. Parsmis. the molten liquid 
immediately begins to give off bubbles of gjus. and on rawing the temp., ’ nitric 
anhydride is rapidly evolved h'aving lH‘hind a viscous mass n*adilv stvluble in water 
when it has reached the tribasic condition. Kveu Ih*Iow 17')^*. it bas lieconu* tetra- 
basic, and loses all its nitric anhydride Ix'low a n'<l heat," He found another 
sample lost about 75 per cent, of its nitric anhydride when <lried 1k*1ow 175 ' ; and 
C. A. Joy found that all the nitric anhydriile is evolved Iw'tween 200 ' and 250'". 
C. L. Parsons found that the oxide prepared hv heating the nitrate contains “a 
small amount of occluded o.wgen and nitrogen, which, if the decomposition has 
been grtulually brought about, is c(j aj)proxiiiiately to o .Vi cc of mixed gases, of 
w'hich approximately two-thirds are nitrogen, per gram of oxi<le ” Aceording to 
J. C. G. de Marignac, beryllium nitrate gives no mixed crystals with magnesium, 
lanthanum, or didvmium nitrat<*.s K. dauch found the sp. ht. of of lM*Tyl- 

Hum nitrate at 18'* ; 

N . .05 10 20 :i 4 0 

8p. ht, 0 iMilll 0 1*2 h: OH02H 0H4 i:t 0 700(1 

A. Heydweiller has measured the sp gr . />, and equivalent (xmductivitiea, A, of 
sol. containing m eq. per litre, when hlJ denot4*H the values of (7^ 1)1(^^ reduced 

to a vacuum. 

m . 0 5 10 2 0 :t0 4-0 5 0 

80 2o2 4 4<M)il HOO 1107 1502’ 10K4 

A ; ; ! (i;i K .51)2 45 H 37 5 30 84 24 85 

According to C. L. Parsons, beryllium nitrate is insoluble in alcohol and acetone. 
Beryllium nitrate ha.s been em]>loyed as a hardening agent in the mumifaoturo of 

incandescent mantles. ^ u , 

J. M. Ordway prepared two of what he regarded as buiO beryllium DltTMei, 
or beryllium oxyniuntet the one, ‘Ub*().2N.205, or 2Be(N()s);j.B<'0, by adding beryl- 
lium hydroxide, or aq. ammonia to a solii of the norma! nitrate ; and the other, 
2Be0.N.^0fi.3H20, or Be(N03)2.B<0 .'ULO. by heating the normal nitrate 2() hrs. 
on a water-bath, or by adding lM*ryliium carbonate to a soln. of the norinal nitrate 
in eq. proportions. C. h. Parson.s add<‘d that it is extremely doubtful if thew* basic 
nitrates are chemical compounds, but th<*y are rather solid soln. of the normal salt 
and the hydroxide, or of the hydroxide with more or less occluded norma) salt. 
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! 11 BerrUhun or Olndniun Phosphates 

Tba chentwtry of the ben'liiuni j>ho»phtit*;8 w not satisfactory. Comparatively 
few workers have studied these compounds, and the products they have described 
are of a gelatinous or colloidal nature, and therefore difficult to identify. It is 
doubtful if the normal phosphate, free from the produet.s of hydrolysis, has 
be<?n made. In 1798 L. N. Vauquelin ^ obtained a white viscid precipitate by 
adding an excess of disodium hydropho8{)hate to a soln, of a beiydlium salt: 
The precipitate fused to a clear transparent glass, which was insoluble in 
water, but soluble in acids, including phosphoric acid. A. Xtterberg employed 
the same prmess us L. N. Vauquelin, and obtained a white voluminous powder 
which he regarded a.s heptahydrak‘d beryllium orthophosphate* Be3(P04)2.7H20 ; 
he stated that when the heptahydrate is dried at 100“ nearly four inols of 
water were evolved, leaving behind Be3(P04)2.3H20, and he added that the 
jjroduct does not melt at a red heaf. The phosphate dissolved in nitric acid, and. 
when the free acid was neutralized with ammonia, the phosjihatc with less combined 
watt^r, was re-precipitated by treatment with sodium acetate. B. Bleyer and 
B. Muller obtained the hexahydratt*, Be3(P04)2 blb^O, by mixing acetic acid soln, 
of disodium hydrophosphate and beryllium .sul])hate ; and by using normal sodium 
phoH])hate, they obtained a ba.sic salt beryllium hemioxyorthophosphate* 
BeO. 2 Heal 004)2,1. 'll I2O. F. Bestini obtained a crj'stulline product to which he 
assigned the formula Be3(P()4)2.4H20, by di.ssolving Vauquelin’s prccijiitate in 
10 ]>er eent.V-etic acid, and boiling the filtered soln. It lost one mol of water at 
100°, and the re.sulting Be;}(P<)4)2 .'llloO lost the remaining water at a higher temp, 
Sestini's jihosphaOi <li.ssolved in water rather more readily than aluminium phos- 
phate ; a litre of 2 per cent, acetic m id di.s.solv«>d O'.^f) grm., and a litre of 10 per cent, 
acetic acid, I •725 gnus. ; the ratio Be() ; ll3p()4 in the soln. is the same as in the 
undissolved portion ; and if the soln. be heated, a basic phosjdiate is precipitated. 
H. Grandeau found that bf*r\ Ilium and aluminium jdiosphates behave in a similar 
maimer when heated with alkali sulphate- n'</e infra. G. SehefTer also obtained 
crystals of what he regarded a.s a h\ drated/ar/////um nilrntophoxpkUe by concentrating 
a soln. of beryllium pho.sphate in nitric acid. 

By adding alcohol to a soln of beryllium hydroxide in phosphoric acid, A. Atter- 
berg obtained a viscous precijiitaO*. which gradually hardened, and to which he 
assigned the conmosition 2BeO P2O5.7lI.2O, thi.s corres[)onding with trihydrated 
Iwllium hydrophosphate, H(>IlP()4.;ilI.20. G Scheller also obtaim d^i product 
with a similar composition, but with less water, bv adding an aq. soln. of disodmin 
hydrojihosphatc to one of beryllium nitrate at 1.50". B. Bleyer and B. Muller 
could not get tin* trihydrate free from lulhering jihosphoric acid They pre])ared 
b6iyllium dihydrophosphate, Be(H2pO|).2, from the hydroxide and orthophosphoric 
acid, in (mlourless hygroscopic leaflets. G. Sidiefler obtained what he regarded as 
pentahydruted beryllium pyrophosphate, Bt^P^O- 5H2O, as a white ])uiverulent 
]irecipitate, by adding a soln. of normal sodium p} rojihosphatc to one of beryllium 
nitrate. B. Bleyer and B. Muller gave Be-^P.^O; UH.^O for the composition of the 
prt'cipitate from sodium jyvrophosphate ; they also obtained colourless crystals 
of b^Uium metaphosphate, Be( 1^04)2. This salt must be prepared in the ab-simce 
of water, or a basic salt is formed. 

According to the analysis of E. S. Dana and H. L, Wells, the secondary mineral, 
heryllonite^ at Btonehum (Maine), has a composition corresponding with sodium 
beryllium orthophosphate, NaBeP04. It was prepared in hexagonal plates, by 
K. A. Wallroth, by slowly cooling a fused mixtun; of beryllium oxide in sodium 
metaphosphate and extracting the mass with w'ater or dil. hydrochloric acid— 
berj’llonite remains as a sparingly soluble residue. L. Ouvrard also made it in a 
similar w^a}' by using sodium pyrophosphate m ])lace of the metaphoi^hate ; he 
found that if normal phosphate is used, plates of tetnuodium beryllium diphosphate 
are formed : Na4Be(r04)g, or Na3P04,NsBeP04. According to E. S. Dana, native 
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sodium beryllium phosphate. NaBePO^. forms rhombic bipvramiiis, with axial 
ratios a:b: c=^;>7:M3 : 1 : 0-jpjip and sp pr. 2 84.*) atiM ; L, Ou\nmls crystals 
had a sp. gr. 272. Ihe hardness of the nuucral i.s to b on Wok: Male The 
double refraction is negative, and the refractive imbccs for iNa-light arc p . 1 :)h2t) ; 

i r)j79; and /X ~l'o(108 According to K A. Wallroth, the salt is sparingly 
.soluble m cold acids, but easily soluble in warm acids ; it is msiiiubl.' m acetic acitl 
BeryUouite fuses rather easily. B. Blcwr and B. Muller sav that they could make 
.sodium beryllium orthophosphaU* only as a precipitate of variable Cmiposition. 
J, Persoz stated, wdthout giving details, that he made alkali beryllium JffTO* 
phosphates. According to A. Attcrberg, a M»ln. of .sodium pvropllu^phatc dissolves 
berv Ilium pyrophosphate; and when .sodiiim ]ivropho.‘‘phat<’ is addcsl to a soln, 
of beryllium sulphaU*, a precipitate appears when about three -fourths of the 
necessar)' quantity of the sodium salt has been added for comjiletc dccoiiquwition, 
and a gelatinous muss is linallv formed. B Ble\<*r and B, Muller ma<le sodium 
beryllium pyrophosphate, Be.P.O; 2Na4P4>7 .Ml._.(). a.s a soluble hi groNCopte salt. 

H, (.Jrandcau first prepared potassium beryllium orthophospliate, KBePih, by 
fusing beryllium sulphate with twenty-live times it.s weight of juilassium ph«)sphate 
between and Kkiu'; at a luglu r lemjt, the pho.sphate is dei,omposcd The 
cold mass is e.vtraeted with water and rhombie. prismatic ueieular crystals of the 
double salt roiiiaiii, L Ouvrard uIm) found rhombic prisms of the same salt arc 
formed by fusing beryllium oxide with potassium imda , pyro-, or ortho-phusphttb'. 
B. Blcyer and B. Muller could make pota.ssium or ammonium lieryllium orthophos- 
phate only os precipitates of variable eomjtohition According to Itossler, a 
( rystalline precipitate of ammonium beryllium phosphate, .similar to ammomum 
magnesium jihosphaU' ls prod need when an exeess of ammonium phospliato is added 
to a soln. of a beryllium salt, ami the preeipiUte dissolved m hydroi'hlonc acid, 
neutralized with aij ammonia, and boiled. The precipitab' is crystalline, and settles 
quickly. It is insoluble in cold water, sparingly soluble in hot water. The precipitate 
has a variable composition. When caicimMi. it loses ammoma and water, and forms 
ber) Ilium ])yro)ihosphate M. Austin concluded that this is not an ueeiirale way of 
quantitatively dtderminiiig b«*rv Ilium S<‘helb‘r obtained a wliite granular 
precipitate^ of the irqile salt ammonium sodium beryUium orthophosphate, 
(NH4)^0.\ii^0.Bc0 1*205 711..0, or {NJIj)2Na2Be{i’04)2.7U20, by addiuj;; disodium 
hydrophosphate to a soln. of biTvIlium nitrate, mixed with sodium chloride. 

W. ilaidinger * dcserihed a miii' lal whuh was bmiid at the mines of Ehren- 
friedersdorf, Sa.vonv.and ealkd herderite aft<>r Brown llenier A Jireithau)»t 
called it alUxjoiuU’ ; W. E llidd'-ii found a dcjtosit at Stomdiam, Maim*, and railed 
it {flavin Ur. AnalyM's wcr; reporb d by J. B. .Mackintosh, 0. Winkler, F A. (b'lith, 
and S. L F«*nlield and D. N. Harper The results show that herderite is a calcium 
beryllium fluo*K)rthophosphate, (t 'aFiBcFOi. or rather (*a(B<*F)FU4, m wliM h morn 
or leas of the fluorine may be rej»iaeed by h\droxyl. The jm'inber at the other end 
of the scries is /ufdru-lierdrrUc, Cji(BeOH)l*()4 The crystals were examined by 
W. Haidinger, A. des Cloizeaux, W E Hidden, and E. Bertrand ; they l>elong to 
the rhombic system, and have the a.xial ratios a: h :c -() : 1 : (J 42.‘>4b. The 

optic axial angles are 2E .hi' to J21' 44'; 2//,--71 24' to 44'; 
2//o -105“ 11' to 105" 24' ; and 21' ^*74 16' to 74“ 2*/. The imliecs of refraction 
for Na-light are a— 1*592, j3-l*()12, and y -1 021. The ojdical character is nega- 
tive. The sp. gr. ranges from 2 99 to .'1*012 ; ami the hardness is 5. 
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CHAPTER XXIX 

J^AVfSESIUJU 

§ 1. The History o! Ma^fnesium 

In 1695, N. Grew exaniined the mineral of KpHom. and, in his Triutatut Jti 
galis CfUhartici amari in aquU Eh*'ghaniennihu^ H hujugttukit alns tkmfrutt ntUum rf 
usu (^ndoD, 1695), he reported his disrovery of luagnesiuni Hulphat 4 <. The 
medicinal virtues of this salt soon afterwards berann* widely known, and it eame to 
be called Epsom salts, sal afUflteam, Enffhsh salts, sal oatharticum, bitttr sail, etc, 
The presence of the same substance was deteet4*d in other inimTal spriiiKs* sud in 
1700, G. and F. Moult established a works for extraetinjij the salt fwin the wati'rs of 
a spring at Shooter’s Hill, near London. H. Kopp ^ says that in 1710, Mr. Hoy 
discovered that the same salt could b<‘ extracted from tin* mother liquor remaining 
after the evaporation of wa-wat«'r. Ferrous sulphate (colrothar of vitriol) was 
added, and crystallizable “bitter salt” was produced. In 1717, F. Hodmanu 
show'ed that the salt was present in the mineral wat<Ts of 8<dtllitz, and that derivtMl 
from this source was called Eeidlitz salt ; others soon found the salt in the* waters from 
numerous other springs. 

About this time, too, T. Bergman told us, in his essay De mtgtu>sui (Upsala, 
1775), that Count di Palma, a citizen of Borne, prepared a white powder which 
he clainuHl was a panacea for all diseases ; and In* induced an ecclesiaHtic of the 
Church to dispose of it for him. The powder was called tiuujnesia alba or Vauni 
Palma's pomler ; and its nature wiis solicitxiusly concealed as a profound secret, 
until M. B. Valentini disclosed the method of preparation in his Relaiio dti fnagnesia 
alba, novo, genuino, pohjehreMo et tnwtxto phannaco purffunte llama nuper adirdo 
(Giessa Hassoram, 17U7). namely, by calcining the residue remaining after evaporat- 
ing to dryness the mother liquor from the preparation of nitre. We are also told 
that two years later J. H. Hlevogt ^ showed how nuufnesm allxi (jould be more easily 
obtained by precipitation from the mother liquors by treating them with a fixed 
alkali. Works by B. J, Ijcmbeken,^ H fSmitli, 8. Glass, 1>. Ingram, J. Sidiaeffer, 
C. Norell, P. J. Macquer. and T. Henry are of historical inUirest. 

It is not known why the name vuignesia alba was given to the product in contrast 
with tnagnesia ni^ra, as the black oxide of mauganew was then called, Dioscorides 
used the terms fulyyrjs Ki$(h: or Bjr magnetic iron or<* and 

pyrolusite. According to the. latter : 

It received ite magnes, Nicaudor mfomui us, from the pf^mon who was tfio fijit 

to discover it upon Ida. (laodorua, ui tiia Orif/inet, aaul India.) It is aaid that MaanoN 
made this discovery when, upon taking tiis hi'rds Uj pasture, lie found Uiat the nails of hia 
shoes and the iron ferrule of his staff adiicred to the ground. 

Others refer the terms to the place where the stone w'os found--e.y. Magnesia in 
Aaia. Pliny distinguished between what he called the male and female sex of 
magnes — magnet qui niger esl feminri sexus ide^ue tine viribut, and he describtHi 
five different kinds of magnet, all but one of which were nearly black. The magnes 
from Magnesia in Asia was sasd to be white, and to resemble pumice in apjpearance, 
blit to have no attractive influence on iron. From the early writings it is ifvident 
that at least three minerals of a totally different nature were eall<^ magnesia — 
(i) ffM^fienus lapit, which is now represented by magnetite, was magnetic ; 
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(b) niasnena mgra, which « now represented by pyrolusite , H !hJ* j 
minenS, wUoh rauld be conveniently faehioned m » lathe, or easily shaped aiul 
Oihred with hand tools, and it is probably now rcpreaented by steatite. 

Tie aloieuiiata used tie word imgneem m a number of different senses, it wa.^ 
tiiffif custom to HjtproitriBte coniinon tcrius and give special uieaDWgs associated 
mtA their mystical iiottous. Thus A. E. Waite * says ; 


MAgnaMia wm at different tiinna tho matter, red or white, of tho philonopher’s stone ; 
ioniethtn{( like ooirunori mereury, of celestial and tranwcondent brightness ; neither animal, 
vegetable, nor mineral ; reeeinbling a stone but not a stone ; white gura ; water of the sea ; 
water of hie ; child of tho elements ; u pure viigm ; a secret celestial spirit, neither thick 
nor thin, not wholly earthy nor wholly igneous, but a mean aerial substance, to be found 
everywhere and at all seatums. 


J. Ucckinann has said that the term tnafifjane.se is a corruption of the word 
magnesia, and that it was first used by Albertus Magnus who, in his De mineralibus^ 
wrote tile name of the magnet in at least five different ways : migtiesia, majnasia, 
magtmta, ma tujade.su rn, and matu/atienjsi.s. The difference between tnofjnesia nigra and 
tho magnetic ore was demonstrated towards the middle of the eighteenth century. At 
the beginning of that century Count di Palma's powder appeared, and the French, 
English, and Italians soon afterwards employed the tiTiu mangatm for the black 
mineral and i/uufne.svi for the white. Thus, in the sixteenth century, C. Ijconard,® 
M. Me reati, and II. Cardan em[)loyed the term manganes for magnesia nigra^ 
although metallic manganese was not discovered until the eighteenth. 

F. lloffminn, in his Di.s.sertaliomm physico-chymicarum (Hahn Magdeburgica*, 
172'.)), first demonstrated the individuality of magnesia which had long been con- 
founded with lime Hpeakmg of Epsom salts, he said : 

There me a groat number of watorn among which may i)o cited th<»8e of Eger, Elstor, 
Schwalbfti'li, aiul VVildiing eontaimng a neutral Halt which has not yot recf'ived a name, 
and wlu(!h is almost unknown. 1 have found it m the waters of JlomJmuson, which owe to 
this salt their afiertivo and diuretic projiortios. It is commonly calhxi nttrum, but it has 
none of the characters of nitre- e.y. it is not mflammablc, its orystoJhno form is different, 
and it does nut give acpia fortis like intro does. It is a neutral salt resembling arcanum 
duplicatum (potassium sulphate), its taste is bitter, and it produces with the tongue a 
sensation of cold ; it offorvoMceB neither with acids nor aJkaliiiS, and is not very tusible . . . 
This salt appears to have been formeil ex cotnhinaiione acid% Biilphurei et calcarsa terra of an 
alkaline mvturo. 


A few years later, F. Ilolfmnnn returned to the subject in his Observalionutn physico- 
chymicarum (Venotiis, 1710), and added that the alkaline earth prepared by treating 
bitter salt with a fixed alkali, differs es.sentially from lime, in that when the latter i.s 
treated with sulphuric acid, it give.s a sparingly soluble salt, which does not taste 
bitter, and is nearly without taste. Hence bitter salt is composed of sulphuric acid 
and a kind of alkaline calcareous earth which is different from lime. J. lilack, in 
hi.s paper entitled Experinu’tUs upon ttuignesia alfjfi, quick-lime^ atid other alcaline 
subfttamr.s (Edinburgh, 1755), also showed that ttuignesia alba is a compound of fixed 
air (carbon ilioxide) with a peculiar earth which differed from lime in furnishing a 
soluble sulpliate ; and ho retained for this new earth the name ttuignesia. In 
G(frmany (he terms BiUersalzerde, Bitierenle, and Talkcrde were employed. The 
properties of magnesia were de8crib<‘d in more detail by A. S. Marggraf* (1759), 
and by T. Bergman. E, Nauck, L. C. Marquart, and J. J. Noggerath discuss 
the occurrence of magnesium metal in old bronzes. 

B. (1. Sage may have obtained the metal base of magnesia in 1777, for he 
df'seribed the following experiment with Epsom or Seidlitz salts : 

Due ounce of the salt was dissolved m distilled water, and treated witli huUs de tartre — 
potassiiun carbonate which had become liquid by deliquescence — the resulting white 
precipitate was washed, dried, and then mixed with three times its weight of powdered 
oharooal. The mixture was luted in a glass vessel, and heated for three hours in a reverber- 
atoiy furnace. The ve«sel was allowed to cool, and then broken. Mixed with the charcoal 
were fii^und small, grey, fragile metalUo globules which he supposed to be aino ; but he 

\ 
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In 181^, H. Davy delinitvly proved that, magnesia i.s the oxide of a ineUl which 
he named migmum, and added that thia word “ i» undoubtedly obje.Hoi«lde, but 
luagneaium w^ omployed by T, Ib.rgmau for metalbe mangau!.*., ami would 
conaCHUonUy have been an equivocal UTtu." The term n.asneemm wa« «o«u 
afterwarda rewrved for the meUl in magnesia alba, and iuaiixan. se for that in 
pyrolimtte. tor a time some chemists called immnesiimi. uUcvm. J. li Tromms- 
dorfi discussed thq metal derivixl from Talkerde m 18^8. 
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§ 2. The Occurrence of Magnesium 

Ma|2ne«ium metal does not oi:eur free in nature-. This element jm conKi<lerrd G) 
be abundantly distnbuG'd on the earth’s crust. Aecording t/o K W ('larke’s 
estimate,! it occupies 8th place in tin* list of elements arranged in tlie onler of 
decroa.sing abundance in the earth's lithosjihere, and there is 2'2'1 [ler cent, of that 
element present. The distribution of magne.''ia in tlie lithosphere is : 

Iipifous .shalf SftDdi*ttme Untnitloui’ Av«rinji> 

(<.»:,%) (4%) (07:t%) (025%) 

MgO . 3 74 2 41 1 10 7 «9 3 74 

N. Ljubavin has also made an ehtnuate of the relative distribution of magneHium 
on the earth’s crust. F, Cornu, and (’ A Young have reporG*d the lines of 
magnesium in the solar sjiectrum, (i Rayct, C. Fievez, W. N Hartley, And 
A. Secchi found the lines of magnesium in the spectra of the solar }irotulx»ranoe« ; 
also in the spectrum of Hercules. 

Magnoeiiun occurs as tbo oxide, penclass, M^O ; and as tho hydroxides brucite, Mg(OU}| ; 
hydrot^ite or vblksnte, 3Mg(OU)|.Al(OH I, 311,0 ; and pyroourils, Ke(0H),.3H|0, 

There is also the aluminato : spinel, Mg(A10,), ; magnesioferrUs, MgfFrO,), ; aa well as 
the alunainoferrites : pUoruuU or iron spinel, {Mg,Fo){{Al,Fc)0,j , ; picotiis or chromospinet, 
(Mg,Fo)!(Al,Fe,Cr)0,j , ; and manganospineJ, (Mg,Mn)|{Fe,Mn)0,|,. Magnesium is 
widely distributed among tho silicate minerals iq.v.), the commonest of which are UUc, 
chlorUe, and serpentine. It is represented by arnplulwiet, pyroxemw, rnv;as, and olivino 
in the igneous rocks. There are enormous deiKwiUi of the carbonate ; magnesiU, 
MgCOa ; and dolomite or bitter spar, (Hg,Ca)CO,. In addition there are : brousi spar or 
anksrt^s, ((XMg,Fe,Mn)CO, ; breunerite, (Mg,Fe)C'0, ; and nssque/ionite, MgC0«.8I1|0; 



in 


INOB 6 ANIO AND THBOSETICAL CHBUSTRT 


and tha bamo ovbonatM: kydtwnoffnmh, 1^|(0H).(C0|).3H|0 ; and UMufordUe^ 
lfgJOU)|CO| 21H|0. The haloid salt* are repreaentad by tellaUe, MgF, ; bUckofite, 
USbi.MtO i camaUit^, MgC1,.Ka6H,0 ; noeeHte, (Mg.Cal.OF^; rablonite, 
(lfa,»Mg)F..3Al(F.0H),,2H,0: and taehhydrite, SMflCl,.CaCI,.f2H|0. Some mineral 
■pri^ in Java contain magnedum iodide. Hlgla. eq. to 0*012 grm. per litre. The sulphatee 
are rwrerentod by ; a»trakanite, biddies or sitnonyit€y NatMg(S04)f.4H,0 ; botryogm, 
(Fe0n)4(Mg,Fe,Mn,Ca)j(8O4),.38H,0 ; cupromagn«MUe^ (Cu,Mg)804.7H,0 ; dumrtich^e, 
MgiAl,(8()4),.30H4O ; epsom salts or epsomits, UaSO^JH^O ; faussrite, {Mg,Mn)S04.7H40 ,* 
hainite, Mg804.K(n.3H,() ; kisserik, Mg804.K,0; klinophaite, (Fe,Al)t(Fe,Mg,Ni,Ca). 
{K.Na),{0H),(S04)4.6H,0 ; kruffUe. K,Ca4Mg(804j,.2H,0 ; lAw/e, Na,Mg(S04)s.2JH,0 ; 
magrusia alum, or pickeringite, MgAl, (804)4.221140 ; mflanterite, {Mg,Fe)S04.7H,0 ; 
picromeriis, or schorl, KjMgiSOilj.OHiO ; plagiocUriU, (Al,Fo)|{Fe,Mg,Ni,Ca)(K,Na)- 
(0H),(804),.21H,0; HyAo/i/i. K,Ca,Mg( 804)4. 2H,0 ; ^onomaite, Aig,Al4{S04)4.33H40 ; 
voltaUs, {Fo,Al)4(Mg,Fe,K,.Na,)(OH),(S04),..l4H,0; waUeviUite, (Na,K)4(Ca,Mg){S04),. 
2H|0. There U the nitrate, nitromoffnesite, MgCNOj), ; and a series of phomphateH, arson- 
ataa, borophoHphatea, and Iwratea : Benehite, ((3a,Mg,Mn,Na,),(i\s04), ; b<^errits, 
IfffiiPOlla.SHiO ; boracite. Mg, 0,8,40,4 ; borotnagnssits, 4Mg(B0,)(3ll.Mg(0H ), ; cabrerite, 
mi,Mg.C'o),(As04)|.8H,0 ; /w»noyi7«, Mg,(NH4), 114(804)4. 8H4O ; hOmssiU, Mg,(AB04)|. 
WiO] hydrchoraciu, MgCe8.0i,.ttH|0 ; karyxmte, or caryimtt, (Mn,Ca.Pb,Mg),(As04)| ; 
lax^iis, (AI0H),(Mg,Fe,Ca)(P04), : lUneburgite, 2MgHP04.Mg(B0,),.7H,0 ; martinite, 
Ca,H 1(804)4. 1)11,0; netvberyite, MgHP04.3H,0; picropharmatolUt, {CaiMg)3(A«04),.6H|0 ; 
pinnoiife, Mg(H0,),.3H,0 ; (Ca,Mg,Co),(A804),.2H,0 ; Mgt{AsO|.|)H(0 ; 

KhuttUs, Mg(NH4)P04.4H,0; msssxUe, (Mg,Zn.Mn)(OH)BO, ; vxxgnerUt, Mg(MgF)P04; 
WkpplsriU, (Ca.Mg)liP04. 3^11,0. There is aiMO a number of silicatoe (9.D.). 

The waters of numerous springs as a rule contain small quantities of magnesium 
ooznpouods which appear in the analyses as magnesium sulphate, chloridi*, or 
hydrooar bo nate ; seawater also contains magnesium which appears in F. W. Clarke’s 
average analysis of oceanic salts as magnesium chloride, 10'88 ; magnesium sulphate, 
4'74 ; fnagneaium bromide, 0‘22 ; together with sodium chloride, 77'70 ; calcium sul- 
phate, 3'60; calcium carbonate, () 34 ; and potassium sulphate, 2’4() per cent. The 
waters of the Dead Sea contain more magnesium chloride than sodium chloride. 
F, W. Clarke cstimaU's that on the average 014 per cent, of magnesium is contained 
in the watt^rs of the t'arth. 

According to R. Willstiitter,* nmgnesiurn is an integral part of chlorophyll ; 
and J. Kacher considered it to be an indispensable constituent of plants, saccha- 
romyoes, etc. ; the ashes of plants usually contain more calcium than magnesium, 
although the reverse is true for seeds. It is not known how the magnesium is 
distributed in the organs of plants, hut it occurs in the cambium sap of pines as 
oxalate. R. Kayscr found that the amount of magnesium in wine is proportional 
to the phosphoric acid, and that the smallest amount -t) ()()l j)er rent. MgO was 
found in Pfiilzt'r wine, and the greatest amount 0 04U i>er cent. MgO— in Malaga 
wine. Magnesium compounds also accompany the calcium compounds in animal 
bodies ; and magnesium salts occur in the skeleton, blood, and milk of animals. 
F. W. Clarke and W-. C. Wheeler found it very exceptional for the inorganic parte 
of eea organisms to be non-magnesian. They found the following percentage 
amounts in the inorganio matter: Foraminifora, 3‘67-lT22; calcareous sponges, 
5'37-8'(X) ; nmdreporiau corals, 0'0M77 ; alcyonarians, 0*1)3-15*73 ; hy droids, 
0'22-r28 ; annelids, 0‘(X>-9*72 ; echinoderms, r)*9!)-14*08 ; brachiopods, 0*49"8’63 ; 
br];otoaus, 0'G,‘i-ll*()8 ; molluscs, 0*(X)-2*58; barnacles, 0*79 -2*49; and other 
crustaceans, 4'84"15*99. 

A comparison of rock and other analyses makes it probable that the solid crust 
of the earth contains moni calcium than magnesium. Analyses of meteorites reveal 
more magnesium than calcium ; the same remark applies to sea-water, most mineral 
waters, and lakes in Central and North-Western Asia. Calcium prevails in river 
waters, in most plants and in animals ; some cereals contain more magnesium. 
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§ 3« The Preparation of Blaanesiam 

Maguettium in usualiy obtained by the oi'tioii of Hodiuin on the anhydrous chloride, 
or by the electrolysis of fused aikali-magnesium chloride, Tho inagnesiuin chloride 
was formerly obtained from Staiwfurt, but during the IHH-IH war. it was rtTovonMi 
as a by-product at various salt works. It is u.s<‘d as a powtfer ami riblwn for (laiih** 
lighting ; as a deoxidizer of other metals and alloys ; and in making (MTtain alloys — 
principally Mg-Al alloys. Magnesium i»ei ur» m e^mimeree as powder, nblMiii, and 
as ingots or r^s. The ribbon is made by jmwing the metal in the wmiidluid state 
into wire ; and afterwards rtattening it into riblxui by rolling. 

Thf" reiudian of nvupwMum oxuir,- II Davy passed the va}»our of potassium 
over red-hot magnesium oxide, and removinl the magnehimn produi'ed liy menm^. 
J. Walter ^ tried to reduoi* magnesium oxide by earlnm under the romlitions which 
obtain in the manufactun* of zme.. The exjierimeiits wen* eomlueted at low redntMW 
and at a white heat, and preeautimis were Ukeii to isolate the metal, if formed, 
whether distilled or volatilized. His results were negative, although ho CAmsidcred 
it would bo possible to prepare a kind id mignexiutn hr<m. i>, a Mg-Zn alloy, by 
substituting some dolomite for the zinc oixi ordinarily used in the niaijufacturc of 
zinc. E. von I’littiier, however, claimed to have made magnesium by boating 
burnt magnesite, dolomite, or other magnesian mineral mixed with coal and ferric 
oxide, and bv exposing to a strong whiU- heat m a muffle furnaw* as in the prooeas 
for zinc extraction. The vapour of magnesium was e,oiidens4*d in suitable rtMMuvers. 
E. 1). Clarke said that when magnesia is mixed with ml. and exposed to the oxy- 
hydrogeii tlame. a slag is obtained which crumhles to whit4* pulverulent magnesia 
when exposed to the air. It will be observ<)d that the jMissible products of the 
deoxidation in the reduction of magnesia by oarlwii : «Mg()-f(n- Jw)(>^rtJIg 
4-(n ~m)CO f ImCO.., ar»‘ lot h redue.ed by the magnesium at a high temp. H. Mmssan 
claimed that “ magnesia cun be fused, an<i k<*pt liquid in a earUin crucible without 
being reduced ” P. ledx'au considers that a rciw^tion orours only lieiween the 
vapours of carbon and magnesia at the high bunp. of the dccAric. arc. K. E. 
found that the metal can l>e isolated from a mixture of carlwn and magnesia provid^ 
the reoxidation of tin* magnesium by the carbon monoxide is prevented by rapidly 
removing this gas, say. by working m va^mo. or by absorbmu the magm^mm hy 
another meUl, or bv’a rapid stream oi hydrogen. Ibe conden^d magnesium is 
always associated with a little carbide which gives of! ais-tylene when treabd with a 
dil ^id or water. 0. P. Watts als4» volatilized carbon from a bed of magnesia, and 
obtained sublimates consisting of mixtures of e^arbon and mjHjnesium oxide. 
0 P Watts found that at very high temp, magnesia and carbon rewt; 
MgO-f C^’O-f Mg, and at a lower fm|>. the reaction w reverwd. 0. L. Kowalke 
and D S Grenfell found the reduction of magnesia by carlion begins slowly at 
VXir, and becomes violent at 2o;}t) . Matignon studud the preparation 
magnesium by reducing magnesium oxide, magnesium chloride or oxychio^e with 
caJeium carbide. 0. Knofler and H. Udderbogc made rods of magnesia and carbon, 
and used them as the electrodes of an electric arc. To avoid the action of the 
products of combustion of carbon on the meUl. the arc was developed m vnem, 
or in an indifferent gas. J. Malovich mixed the oxide, or a salt of mapicsium with 
sulphur and the sulphate or sulphite of another metal, and heated the mu to a 
temp, above the m.p. but below the volatibxation temp, of the metel or alloy to be 
obtained. 
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The reduction of magnejtium halides hy the alkali metals. ~~A. A. B. Bussy first 
prepared niagneeiuin m a cohef.‘nt rnrtal in 1829 by d(‘Coinpo8iDg red-hot anhydrous 
magneuium chloride hy fKitassium va|>our, following the process previously employed 
by F. Wdhler for aluminium. J. von Liebig employed the same process. According 
to B. Bunsen, magnesium reduced with potassium retains a little of the latter metal 
very tenaciously, and the resulting metal is more malleable than magnesium free 
from jiotassium. if. St. 0. Deviiie and H. Caron improved the process, substituting 
sodium for potassium. They heated the mixture : magn(‘8ium chloride, 7 parts ; 
calcium fluoride, 4 ’8 parts ; and sodium, freed from oil, 2 '3 parts to bright redness 
in a clay crucible — E. Sonstadt used an iron crucible. The ‘magnesium which 
separat<’d in globules was heated nearly to whiteness in a carbon boat placed in an 
inclined tul>^5 of the same material and through which a stream of dry hydrogen was 
passed. The rnagne.sium which condensed in the upper portion of the tube was 
melted into large globules with a flux made of calcium fluoride and sodium and 
magnesium chlorides. They obtained a yield of 45 grms. of magnesium from 100 
grms. of sodium. According to 11. St. C, Deville and H. Caron, and E. Sonstadt, 
the metal prcjiared by the sodium reduction process contains carbon and silicon as 
imjmrities, and, if ammonium chloride i.s present, some magnesium nitride, Mg 3 N 2 , 
as well. To remove earbon, silieon, and nitrogen, U. 8t. 0. Deville and H. Caron 
distilled the metal in a eiirrent of hydrogen at a high temp. Aci;ording to 
J. B. A. Dumas, the metal usually contains two-thirds of its volume of occluded 
hydrogen and a little earbon monoxide, which are removed by heating it in vacuo 
at a red heat.# E Sonstadt improved the distillation apparatus. The crude metal 
was jdaced in an iron crucible fitted with an iron tube ]»assing through the bottom 
to within an inch of the hd. The crucible was nearly lilled with the crude metal ; 
the lid screwed and luted down ; and the air displaced by coal gas or hydrogen. 
When the enu ibb* was heated, tlu^ vapour of magnesium passed into the upright 
tube and, by a proce.Hs of dintillaiion deMvmum^ collected as a coherent ma.ss in a 
box placed below. The metal wa.s then melted and cast into ingots. F. Wobbler 
applied the sodium reduction proceK.s to a fused mixture of sodium and magnesium 
chlorides ; A. Matthiessen, to a mixture of magnesium and potassium chlorides 
with a little ammonium chloride ; H. Schwarz, to tachhydritc ; C. Tissier, to sodium 
magnesium fluoride ; and E. Heichardt, to carnallito. The latter used a mixture of 
equal parts of previously fused carnallite, calcium fluoride, and sodium ; and he 
said that ferruginous mica in the carnallite does no harm, hut the presence of kiesente 
is to be avoided since an explosion may be produced when it is present 

F. LRUterhoru luMittMl magnesniin ferrocyanido wjth Hodiuni carhonuto so os to produce 
a double eyamde of uu^gnoeium and sodium from which the magnoHuim was obtained by 
heating it with ymo. Petitjoan proposwi to reduce maunemum sulphido by iron, or by 
hydrocarbon ^'npours at a red heat. M. patented a modification of this process. 

The elect rolys IS of (Ufucoit.s solutions of magnesium salts . — H. Davy tried to make 
magnesium by the electrolysw of moistened magnesium hydroxide or sulphate with 
a mercury cathode and subsequently distilling off the mercury, but the results were 
bad. A. C. Becquerel electrolyzed a cone. soln. of magnesium chloride in the cathode 
compartment, and a eonc. soln. of sodium chloride in the anode compartment of an 
oleotrolytie. cell. Octahedral or}'8tal8 deposited on the cathode. F. W. Gerhard 
and J, Smith electrolyzed a soln. of 228 parts of magnesium sulphate and 132 parts 
of anuuonium sulphate in 35, (XK) parts of water between 65'’ and UfO'". For an 
alloy of magnesium and nickel, a nickel anode was used ; for magnesium bronze, 
a copper anode was used and potassium cyanide and ammonium carbonate were 
added to the electrolytes. M. Rietz and M. Herold prepared a soln. of magnesium 
oxide or carbonate in an organic acid, to which was adiied starch or gum, the soln. 
boiled with sugar, and neutralized w'ith alkali.. This was electrolyzed. If alloys 
of magnesium are required, a cyanide of the required metal is added to the electro- 
lyte, and an anode of that metal used. G, Nahnsen and J. Pfleger have patented a 
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gpecUl electrolysis cell ; and H. Decker, the use of a mercury cathode. The pro- 
d^taon of magnesium by the electrolysis of aq. soln. has not l>een aiiecesaful ; nor 
jiaa the electrolysis of soln, of magnesium salts in non-aq. solvents yet proved of 
practical utility. 

* The dedrolysis of fused magnestum salts. -\u 1852, R. Bunsen * prepared 
magnesium by the electrolysis of magnesium chloride fused in a imreelain crucible. 
The carbon of the negative electrode was cut to form pockets in which the metal 
collected, otherwise, the metal, being lighter than the fused chloride, rose to the 
surface and burncf? There is a dilUeultv in preparing magnesium chloride, for, 
when an aq. soln. of the .salt is evaporat^'d to tlrviiess and fust>d, the ri'siilue contAins 
magnesium oxide, owing to the liydrolysis of the .silt and the escape of hydrogen 
chloride. Matthiesaen preferred, as electrolyte, a fused mixture of .'iKf'l j-lMgCli, 
with a little ammonium chloride. The magnesium in this casi* is largely present as a 
complex anion, and hydrolysis doe.s not oeeiir so reailily . A gn^at deal of commercial 
magnesium is obtained by the eh'ctrolysis of fusiHl earnallite. K . Fischer lirst recom- 
mended tlie use of an electrolxfo of fused eariialliU*, and showed that the wm- 

hustioii of the magnesium can be pnn'ented bv pas.sing ^ ♦ 

a current of a reiliKting gas over the electrolyte In 
K. Gratzers api)arutu8, Fig. 1. the iron vessel A contains 
the fused electrolyte, heaU*d externally, and waled l»v 
a lid through which ])a88 the tubes TT', which allow a 
stream of a n'dueing or inert gas to be pu.Hsed over tlie 
molten electrolyte, tliu.s proU-eting the magnesium from 
oxidation. The vessel H has openings ('( ' to allow th<- 
circulation of the molb'n electrolyb', and is fitted with n 
carbon anode, from which chlorine is lil>erat(*d during the 
electrolysis, W. Borcliers. F. Ilornung and h. A\, Kose- 
meyer, E. Haag, etc., have mwsligated this iniwle of 
jjreparation According to R. Bunsen, the metal pre- 
pared by eh’ctrolysis usually contains a verv small pro- 
portion of alumimuni and silicon. » , i of ■ and 

MaKn.'smp> mdts Ht alK.ut , i.wwn.^n. .■ .l-.n.le 
carnallito at a lowor kn,,, S A Tu.-k. r an.! I- , h. .l..»aM attf.n.|>l-'<l 
.Vl(l",wh.'n the inotal i« a aponuv (orni wliKh 

unaor a Ilux of oalri.m. . hlorid.' a.xl a|.-. tr„ly»;<l. Ac.ordn.« U, l«,t 

workinK tciini i» about for tio'U llu' cllicioncy of (bo prowaa i» kh at.at , but 
rSmri (hat t...u,, ,t .bflioult (o k. ,.,, tbo aulbo,™ ly oouaUnt (o 

prevent tlie aolidilication of tb.' niaKUeam.o, and tll.•^•^o^• "™,lerH 

7 (¥ 1 ° 7fVi“- and W Borch'TS Tix* . A. Oetfel worked at 4 8 volts, W. lion.rie.rs 

at r.tf'voita-dependiug on ibe eurren. dena.ty 

voltage of magnesium chloride is estin.ute.l t« be less than 3 2^ol1a at 700 , anU 
assuming that thia numlaT represent (ho valuo "f 

for a current ofliciency of 75 per cent 

a kilogram of metal requirea (KKIOXli/Wr.K.xlUOXl,) C4 3x7oX.MKX)xlbCT) 
or 177 kilowatt-hra. A. Oettcl Bho*< d that the preaenne of cakium Btiondf 
aa a flux favour, the coale«^nce of tl... globule, of f‘ ** 

cathode. If the globule, do not coab».e, but 1-“". ‘ 
metol log about the anode, when they ate reoxuliaed If the eamallite w TOn 
taminated with ferric chloride, loaaea occur owing to the 

this salt at the cathode and ito reoxidation at the anode. If too high a voltage is 
“if thei^Lm chloric 

^v Ltain ^potassium, and it is then liable to c^teh fire during the electro- 
IvaM E Hohler studied the clectrolvsis of a molten mature of cqui-moUr pyo- 
Srtions of magnesium, potassium, and sodimn 

and a little alkali to keep the electrolyte suffir^ntly b«nc. The worki^ 
was 750'^-800®, and a 70 per cent, current efficiency was obtained. The oa hodio 


Kiu. 1.— H. (irdt/fl’s Klee- 
trolytic C’dl for Mag- 
(Disgrammatio). 
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eamni detmty of 27-30 amps, per sq. dm. was used ; W. ^ 

per aq, dm, ; imd A. Oettel, 3(M0 amps, per sq. dm. The subject has been discussed 

by 8. T. Allen, and by K. 8. Boynton and co-workers. j 4 

Aocordinu to R. Lorenz and F. Kaufler. some magnesium is produced by the 
ooatact electrode process-^^ Fig. 1 in connection with the preparation of calcium. 
A. Oettel has shown that the resulting rod of magnesium is somewhat bntWe ; and, 
owing to the need for high current densities, the potas.sium content is liable to rise. 
M. Sprenger removed the chlorine under reduced press. H. M. A. Bcrthaut used 
an eiwtrolyte of iriagnesium and sodium chlorides ; A. Feldmann, a mixture of 
alkali magnesium chloride mixed with some calcium oxide ; Ft von Kiigelgen and 
G, 0. Seward, magnesium oxide dissolved in fusttd magnesium fluoride and an alkali 
fluoride ; and the latter also used a bath of fused magnesium and calcium chloride 
with some calcium fluoride ; J. T. Morehead, magnesium fluoride or fluoride and 
chloride mixed with one, two, or more chlorides of the alkali metals. Magnesium 
alloys can he mmie directly by electsolyzing a fused bath of magnesium chloride and 
fluoride with a carbon anode, and an aluminium cathode. This forms a magnesium- 
aluminium alloy which can be U8<*d as a stock in making alloys of any desired 
oon^sition — e.g. F. von Kiigelgen and G. 0. Seward’s process. 

T. Svedberg a prepared colloidal magnesium by connecting a glass condenser of 
225 sq, cm, surface with the induction coil and attaching the secondary poles to the 
electrodes, which are immersed in propyl or isobutyl alcohol contained in a porcelain 
dish. The magnesium was used in a granular form or as wire clippings. When the 
current is passed, sparks play between the metal particles, and in the course of a few 
minutes dark-coloured soln. are obtained. These contain no large particles, and 
hence need not be filtered. The magnesium sol in absolute ether is olive-green, and 
very readily coagulattnl ; the coagulum is greenish-black, and very vigorously 
dissolved by dil. acids with the evolution of hydrogen. D. Zavriefl used a modifica- 
tion of T. Svedberg’s priMTss, and obtained a colloidal .soln. which could be kept two 
days without flocculation. 
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§ 4, The Phjsical Properties ot Kagnssiom 

Tho magnesium prepared by A. A. B. Bussy * was a brilliant silver-white meUi, 
and that by H. St. C. Deville and H. Caron had a bluish or violet tinge. A<'oording 
to A. W. Wright, the metal volatilized in an evacuated tube by means of an electric 
discharge, produces a metallic film which is silvery-white in reflected liglit, and 
tfreyish-blue by transmitted light. H. Bunsen noU‘d that the metal lias a crystalline 
fracture. S. Kalischer could detect no crystals structure by etching t he rolled metal, 
and he found that although most metals naturally have a crystalline structure, soma 
readily lose this structure by mechanical j)roce.sses, but assume it again un der th a 
influence of heat. According to C. Hlawatsch, and A. des Cloizt'aux, the 0l|lUl8 
prepared by J. B. A. Dumas, by sublimation in a stn'am of hydrogen, are hexagonal 
iirisins a : c=l : 1‘6242. These crystals have also ls‘en studied by K. Bam w^or, 
and L. Ditscheiner. Ih'gular hexagons wen* obtained by eU hmg with dil. sulphuric 
acid, or with chlorine. Z. JelTries and H. S. Archer give IW ’ os the lowest temp, 
at which the recrystallization of the cold-worked metal olm^rved. 

G. T. Beilby showed that the crystalline structure of the metal w hidden when the 
surface is polished owing to the formation of an amorphous glass-like filiu which can 
be removed by an etc*hing liquid. L. Hambu^er made an f 
tion of these films of the inetol. X-tay spectrogw^ by A. W. Hul , snd H. Uohlm. 
showed a structure in agreement with the holohedral heMgonal crystals. T 
arrangement of the atomsis that of hexagonal clow packing, ''J' ia 

which equal hard sphep's a'.aume when clowly packed, except that the " 

shortened by about O D per cent, in the direction of the hexagonal axis, Ihe s^o of 
he he^onar^tice U 3 23 A., height 5 23 A., and the closest approae.h of ths 
atoms 1^3-22 A. As in the face-centred cubic lattice, each atom has twelve equi- 

d!:rntnearueighbour»,butina.lightlyd,ffemn^ 

estimate of the motocuUt diameter of magnesium . W. L. Brag* K‘ve« 

1-42 A. for the radius of the atomic spben's ; M. N. B**"’ V"® ^ ® ‘ 

estimates the edge of the molecular eulie of the liquid and ""W ^ i,i 

C. T. Heycock Md F, H. Neville estiiuakd the motoOUlK S o 

eoln. in lead, and tin. K, Honda and 8. Ko»n« g*v® “ 
normal viscosity of hammered magnesium at 20 , and 0 72 X 

is too high, and must have been made on an f ^5“ 

• H Kodd’s 1 70 at 1 7^ H. St. 0. Devdie and ll Uron s value, 170, 
^ J « W A * , PP, r.o tr M Lowrv and R. 0. Parker found the sp. gr. 

and H. Wurtz s value, 1 77 at 0 . • • ^ 1 .7409 on filing This is not usual, 

of purified magnesium was raisi-d from 1 7.^1 ikartiallv 

the filings, like worked metals, usually have at 240*" The 

CiS; C. A. Edwards gave 'te ^tX^ 

totwC J. von iiebig. and E, Bunsen IwA that it can bs filed, 
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aod bored, and that at ordinary temp, the ductility is scarcely as great as that of 
zinc. H. St. C. Deviile and H. Caron stated that while the crude metal is brittle, 
purihed magnesium is very ductile, and while it cazmot be drawn into wire, it can be 
converted into wire by press, through a die. W. Bdhm obtained magnesium foil by 
rolling the nirtal at a temp, just below its ni.p. J. W. Buchanan found the linear 
OOmpnuibilitf to be i054xl0~* dynes per sq. cm., or 3'2 kgrms. per sq. cm., 
per atm. press, between 7° and 12''. T. W. Richards and co-workers found tin* 
average compressibility, that is, the fractional change of volume caused by one 
megabar press, between 100 and 500 megabars, to be 2‘7xl0"‘^ W, Sutherland 
gave 390x10"^ grms. per sq. cm. or 3900 kgrms. persq. mm. for Young’s modulus 
or the modulus of elasticity at 15'^, with the extremes 3520 and 4310 kgrms. per 
sq. mm. W, Voigt’s value for the modulus of elasticity of cast magnesium is 4260 
kgnns. per sq. mm, 1*. Ludwik made some observations on the tensile strength of 
magnesium. 0. J. Burton and W. Marshall observed a rise of 0*00047'’ per atm. 
inert'ase of press, * 

According to W. Hutherland, the ratio of the rigidity or torsion modulus at 100® 
to the value at zero is 0 043, and his value for the absolute value in kgrms. per 
aq. mm. is 1300 ; H. Tomlinson’s, 1720 ; C. Schafer's, 1181 ; W, Voigt’s value for 
the oast metal is 1710, with a change of —30 per cent, per 100® rise of temp. 
F. Melde found the velocity of sound in magnesium to be 4602 metres per second. 

E. Oruneisen'-^ found the COefiBdent of linear expansion, a, of magnesium between 
-190® and 17® to be 0 00002130 ; and from 17® to 100®, 0 00002610, or 0 0000250 at 
18® ; and /(fr the expansion from absolute zero to the m.p., 2’,° K., he gave 0*0248 
or 0'(X)0(K)2772’,^'^3^, where 7’»-"903®K. K. Scheel found the linear expansion of 
magnesium between 0 ’ and to be 

0* 100* 200* 300’ 4(Xl’ 500’ 

Si . . .0 2 00 6 39 8-30 11-63 U-88 mm. per metre 

and ho represented the results by 8/=O*O25O70-f 0 (KKX)0936^^ J. Desch made 
some observations on the expansion of magnesium at temp, down to —190®. 
K. Bunsen said magnesium melts at a red heat, and II. St. C. Deville and H. Caron 
that it melts near the m.p. of zinc. The report'd valiu^.s for. the melting point of 
magnesium range from the r)(Kr of A. Ditto to the 8(K)'' of V. Meyer ; C. T. Heycock 
anci F. H, Neville gave 632*5®-6.32’8® ; U. Grube, 650 9® ; S. F. Schemtschuschny, 
and It. Vogel, 649® ; C. II. Mathewson, G. G. Urasoff, and F. Sahmen, 650® ; 
Q. Voss, and N. S. Kurnakoff and N. J. Sb'phanofI, 651® ; N. Beer, 632*6®. Accord- 
ing to W. Guortler and M. Firuni, the best representative value is 651®. F. Wohler 
noted the volatility of magnesium, and H, St. C. Deville estimated that the boiling 
point is near that of zinc, A. Ditto said about 1100®. H. C. Greenwood gave 
1120® for the b.p., while II. von Wartenberg gave a value over 12(XJ®. V. and 
A. Meyer stated that the metal docs not volatilize at a white heat in an atm. of carbon 
monoxide ; while il. Cretier said that volatilization begins below the m.p. ; and 
W. C. Roberts- Austen said that the metal has an appreciable vap. press, at ordinary 
temp. G. Bartha obtained a })artial evaporation of magnesium in vacuo at 580®. 
If. St. C. Deville and H. Caron purified the metal by distillation, and obtained a 
black crystalline residue of magnesium nitride, J. B. A. Dumas obtained gooil 
crystals by sublimation in vacuo at a red heat. A. Schuller noted that the molten 
metal attacks glass, and C. Margot found that the adhesion of molten magnesium 
to glass is due to the formation of a film of oxide on the metal, and that the film can 
be removed by rubbing. M. Knudsen found that the condensation of the vapour of 
magnesium on a clean glass or mica surface, has a critical temp., —183® to —78®, 
below which all the vapour is retained, and above which a fraction is repelled. 
J. W. Richards estimated the latent heat of loxioil to be 58 cals. ; and the latent 
heat of vaporixation 31*580 cals, per mol., or 1315 cals. })er kilogram. £. van 
Aubel, and A. Wehnelt and C. Musceleanu observed 1700 cals, per mol. H. V. 
Regnault gave 0*2499 for the spedfio heat of magnesium, containing 0*06 per 



magnesium J5J 

cent, of silicon and 0’08 per cent, of aluminium »in» ii o v a, . 
the mnge -190“ to 100^‘:nd N. Stuckec 


~79«tol7* 17*u,u»o. 
0-2046 02284 0 24 7 A 


2i> <4* hur 

0 24<)22 


i‘o i4»:i5o* ft)'to«ao* 

0 28081 0 32906 


Sp. ht. . 

100 ; T. W. Richaida and 1, G. Jackson (-ave 0 J08 between -188'’ and -30'' 

»»". tluT Rave .0 (Hi, and (ntween 30“ 
and 100 , 0 0. I Nordmoyer and A. L. Hernoulli, etc , have also made determina- 
tJori8 of the ap. ht. of iiiagnesiurn at difTm-iit UMiip. H. J. Hniimer uavo for 
magnesium at ^ 


Sp. ht. 

At. ht. . 


-273° 

0-1104 
2 689 


- 200 ° 
0 1622 
3 949 


-100” 

02101 
6 116 


0* 

0 2386 
5 810 


KKP 
0 2557 
6 226 


20t>° 

0 2691 
6 551 


10(1 

03171 
7 721 


.MKI" 

03673 

8-944 


r. Schubel obtained 0 2475 at 1(H) ; 0-252() at 197"; 0 2()()5 at ;i04 ; 0 2631 at 
400^ ; and 0*2680 at 500^ E. 1). Kaytnian and \V. H. Hodebiish al.-oi dutd riiiincd 
values for Cp and CV at temp, ranging from 71 K. to 288 5 K. W. Ni'rnut and 
F. Schwers found 6^=4*558 at 03 8 K , and 0 ,m at 27*2 ' K. (J. N. and 
co-workers, and E. D. Eastman found the atomic entropy at 25"' and on<* atm. 
to be 8*3 cals, per d(‘greo. L. Lorenz found the thermal conductivity in cals, per 
(■in. per S(‘c. per degree difference of Uonji. to be0*37()(> atir , and 0-376() at lOO' . 
The heat diffusivity of magnesium is 0 883 computed fniin A* i/( ']), where k is the 
conductivity, C, the sp. ht., and D, the sp. gr. 

r. Drude 3 estimated the index of refw^on of magnesium to Ix' 0 37 for 
A =0*589^ ; the corresponding absorption index was 4*42 ; and the i»ere(‘ntage 
roflectingf power, 93. W. W. Coblentz found tin* ri*fl(‘(:ting power of magm’sium for 
light of wave length A to bo : 


Wave length, A .0-6 0 0 0 8 1 0 2 0 4*0 7-0/i 

Ke(l(x;ting power . 72 73 74 74 77 84 91 permit. 


Plane polarized light refleob d from a polished surface is generally ellipti'ally 
polarized, and for a e^Ttain angle, the angle of principal incidence, 77 ' 57', the 
change is 90'’, and if the plane polarized incident beam has a e-ertam azimuth, angle 
of principal azimuth, ifi, 42"' 42', etreular polarized light results. Th(> retraction 
CQUivalent of magnesium in salts for rays of inliniU^ wave length is 6 51, aauirding 
to J. Kanonnikoff, and 6*7, according to J. If. Gladstone, when ealeulatt*d by 
J. H. Gladstone and T. P. Dale's formula. W. J. Pope gave 8 81 for the eip refrac- 
tion of magnesium for the D-ray. S. IWojmi found that the birefringence of 
toluene is positive, but negative when finely divided magnesium is suspended 
therein. Similarly with benz/me, et(^. 

K. Bunsen and H. E. lioscoe measured the actinic value of the »wwgnftfium light 
compared with that of the sun. The visible brightness of the sun's disc, as measured 
by the eye, is 524'7 times as great as that of burning magnesium when the sun’s 
zenith distance is 67® 22', while at the same zenith distance, the sun’s chemical 
brightness is only 36*6 times as great, 'i'his eniphasizi's the value of the magnesium 
light as a source of chemically active rays. Th<; intensity of the magnesium flame 
was also studied by L. Troost, J. M. Eder, and H, Vogtd. The combustion of 01 
grm. of the metal can theoretically furnish as much light as 74 stearin candles 
burning for 10 hrs. A magnesium wire, 0 297 mm. diameter, burning in air gives 
as much light as 74 stearin candles each weighing 100 grins. K. Hcumaim found 
that the magnesium flame in sunlight gives an intense shadow, and he assumed that 
the flame of magnesium is non-lumioous, and that the luminosity of the burning 
metal is really due to the magnesium oxide suspended in the dame. A, R. von 
Sohrotter also studied the nature of the magnosium light R. L. Nichols found that 
the efficiency of the light-energy of buniing magnesium is 10 per cent, of the heat 
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of eombustioa, b value uDapproacbed among tie known tnnaformAtkuta of oner^' 
toed in the production of light 

According to T. Tommaaina, magnesium becomes SoonBOOlt when used a> 
electrode in an inductorium, under water or alcohol, but not under vaseline or 
petroleum. W. Ramsay and J. F. Spencer ^ gave the order Al, Mg, Zn, Sn, Cd, Ph, 
... for the photoelectric effect with polished metal surfaces and a mercury vapour 
lamp with uviol glass ; K. Herrmann gave AJ, Zn, Mg, Sn, Bi, Cd, Pb, . . . with a 
carbon arc-lamp ; R. A. MillUcan and G. Winchester gave Al, Sb, Zn, Pb, . . . ; 
the latter also gave 0 839 volt at 20® for the positive potential of magnesium in 
vacuo in ultra-violet light. T. C. Sutton, and A. E. Henning'and W. H. Kadesch 
have also studied the phenomenon with magnesium. A. Nodon found a sheet of 
magnesium is opaque to the penetrating solar photogenic radiations, but a metal 
of high valency is not. The absorption coeihcient, p,, for the p-njs is approximately 
proportional to the sp. gr. D, and for magnesium p//)=51. W. Huane, and 
E. Hjalmar measured the absorjition frequencies for the X-rays. 

W. A, Miller * first examined the spectrum of magnesium as obtained by intro- 
ducing the chloride in the alcohol flame. The Spectrum of burning magnesium has 
thrive green line8—5184, 5173, and 5107— and is very rich in the chemically active 
rays at the violet end of the spectrum. The light causes the detonation of a mixture 
of hydrogen and chlorine ; it coloum silver chloride dark blue in a few seconds, 
and, according to A. Schrotter, and H. Lallemand, it causes numerous bodies to 
phosphoresce. Magnesium salts do not impart any colour to the flame. The 
i^ark speotfum of the chloride shows an intense line, 5184 ; and a strong double 
line, 5173-5167, at 70 on the scale of Fig. 2. The double line is really a triplet, and 
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Fio. 2. — Spark Spoctnira of Magnmium Chloride. 


it coincides with the <lark “ little 6 ” line of the solar spectrum. There is a shaded 
band beginning at 8.3'8, aiul fading away towards the blue end of the spectrum ; 
and a feeble line at 4705, and another indigo line at 4481. The blue band in the 
spectrum is suppow'd to be due to magnesium oxide, and it is very bright in the 
^ctrum of burning magnesium ; the other lines are due to the metal itself. 
C. Cappcl claims that 2 X 10~* ingrm.s. of magnesium can be detected by the spark 
spectra ; and W, N. Hartley found lO'"^ mgrins. by photographing the ultra-violet 
spark spectrum. 0. Kirohhoi! identified the three green lines in the spectrum of 
magnesium with the ” little 6 lines in the solar spectrum. E. Carter examined 
the vacuum spark spectrum. R. W. Wood and D. V. Guthrie, F. Exner and 

E. Haschek, 0. D. Liveing and J. Dewar, J. C, McLennan and co-workers, A. Cornu, 
and W. A. Miller examined the ultra-violet spectnim. J. Meunier found in the 
ultra-violet region the band composed of the rays A—3810, 3829, 3833, 3838, 3861, 
3868, 3861, and another band consisting of the rays A— 3885, 3912, 3940, 3960, 3980,. 
Mine other rays between A=:3700 and 3780 have been noticed and their wave lengths 
approximately determined. Of the salts of magnesium, the chloride, oxychloride, 
sulphate, nitrate, oxide, and carbonate gave the above sjiectrum. The pyrophos- 
phate is not, apparently, reduced under these conditions and does not give the above 
spectrum, since incandescence phenomena, corresponding with the continuous spec- 
trum, are produced. F. Paschen, H. Lehmann, and H. Becouerel examined the am* 
violei ipeotram of magnesium ; W. W. Coblentx, R. A. Mdlikan and H. Becquerel, 
the intnMed ipeotrom ; J. Stark and G. von Wendt, the effect of the ca»a l nQfl ; 

F. L. Mohler and P. D. Foote studied the X-nj ipeotnim of magnesium ; W. Miller 
and T. Royds investigated the Z ew n a n aflMt T. Takamine and N. Eokubu stifled 
the effect of an electrk field on the spectrum of magnesium. C. Olmsted studied 
the spectra of magnetium fiwmde, ckhridet brotnide, and iodide ; W. N. Hartley, 




magnesium 


m 

and B. B. «pectiim of Magnetium nUride ; W. N. Hartley, mMnmum 

^ X^Dewar, G. L. Ciamioian, J. N. IxK-kver. W. N^H^ey 

and H. Bamage, B, E. Brooks, A, Fowler and 11. Tavn, R A Porter and 

J. M. Eder, K D«maryay, L. de Boisbaudran, A. Gouv, W. M. Watts, H Crew wd 
0. H. Basqum, C. Olmsted, etc., the 8j)ectruni of tmu/nmim oxu/r. G A llemsaleeh 
^howed that the spectral lines excited thenno-electrii»lly and cheinieaily are of the 
same tyw. E. Gehr^e and L. C. Glaser examined the hi/mf sf)fiirum of magnesium. 
A. de Gramont and G. A. Hemsaleoh studied the effect of electric, charge on the 
spectral lines of magpesium. 

The spectra of magnesium, zinc, and cadmium ar.‘ characterized by the presenoo 
(»f triplets repeated over and over again ; the triplets are close in magnesium, wider 
in zinc, and still wider in cadmium. H. Kaym-r and V Runge arrange the triplets 
of magnesium in two series which they believe to be subordinate seri»'s, and reiuvsent 
the oscillation frequencies by the formula' : 


FIRST 8 ER 1 KS. 

lO*A-i =39796-10- 130308n- > - 1432U90»» * 
1 0«A-* =39836-79 ~ 130398tt * - 14;t2090»i * 
10‘A-> =39867-00- 130398n-* 1432090»r ‘ 


.SK< ONO SKHJKS 

ICA * =39836-74 -I26471n » ftlH78U » 
10*,\ >-. 39877 95 12647 In « 51K7Kln-‘ 
lO'A- ':- 39897 91 - 12647ln » - AlSTKln * 


which agree with 39 lines in the arc-spectrum of magnesium, with ver}' small differ- 
ences except in the red, wh<'n the difference between the observed and calculated 
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Fio. 3. — Series in SjK'ctru of Magnesium, Zinc, C'lMlfnium, and Mercury. 


values is about one per cent. The eoeff, of n~* and rt“ * in each aeries are the same, 
meaning that the spacing of the lines in the sueea'ssive triplets are the same within 
the limits of experimental error. The arrangement of the lines in the series in the 
spectra of magnesium, zinc, cadmium, and men ury is shown in Fig. 3, the numbers 
of the lines represent the values assigned to n in the alxive formuli©. This subject haa 
been discussed by A. Fowler. J. C. AlcU'unan found that the vapour of magnesium 
gives a single line spectrum A =2852 22, when the heated va^murs are bombarded 
by electrons whose energy is acquired by an arcing potential of 8‘2 volts with 
WehnelFs cathode and positive terminal. The ionifiPOP pofwititl of magnesium 
vapour calculated by J. C. McLennan is 4 '28 volts ; M. N. Saha gave 7T»r> volt* dr 
1*76x10® cals. ; F. L. Mohlcrand co-workers, 80 volts; and J. (J. McLennan and 
J. F. T. Young, 7*65 volte ; K. T.Comjiton gave 3*63-A'28 for the minimum ionization 
potential. F. L. Mohler and co-workers gave 2‘65-4’42 volte for the ntODtllOd 
potatUU. E. Rutherford and J. Chadwick obtained little, if any, evidence of the 
emiasion of long-range particles detached by scintillations on a zinc sulphide screen 
when o-ptrtidei pass through magnesium ; and H. R. von Traubenl^erg found the 
range of the a-particles in magnesium to be 57*8x10“^ cms. M. N. Saha estimated 
tbetenipttnUiiVB of oomploto to be 24,000"^ K., tafninoicwio of the vapour 

to be^ at 7500® K., and the temp, of maximum luminescence to bo 11,000® K. 
B« S. Moore studied the excitation stages in the arc apectnun of magnesiuzm 
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According to A. Matthiessen * the elecbical coqdaetifity of magnesium is a 
little less than that of zinc. L. Lorenz gave 24*47x10“® for the electrical conduc- 
tivity at 0®, and 17*5x10“® at 100“’ ; J. R. Benoit gave 24x10“® for the cold 
hammered metal at 0° ; and H. Ihle, 20*8 X 10“* at 19^ J. Dewar and J. A. Fleming, 
and H. Dickson gave for zinc-free magnesium at —183°, 99*9x10"® mhos; at 
-78°, 33*7X10"®; at 0°, 23x10“®; at 98*5°, 167x10"®; and at 142*2°, 13*5X10“®; 
in addition, G. Niccolai gave : 

- 189 * - 100 * 0 * 100 * 400 * 

Comliirlivily . 78 4xlO-< 37 8/ 10 * 23 2x 10-* 16 0x10** 8 41 xKT* 

E, F. Northrop measured the electrical resistance of magnesium between 20° and 
100°. L. Cailletet and E Boirty, and P. W. Bridgman gave 0 00390 for the tempera- 
ture coefficient of the electrical conductivity between —88*31° and 0°. J. Dewar 
and J. A. Fleming gave 0*(K)381 between 0° and 100°. P. W. Bridgman found 
— 0*0r,r>.5 for the pressure coejuient of magnesium at 0° ; and later, with a purer 
sample, he obtained O'O^dOO betweeViO and 12,000 kgrms. per sq. cm. press. The 


results are : 

0* .'■,()* 100" 

Electrical n'siwtoiico ..... l OOOO 1 1975 1-3900 

lOkftrm -0-0,477 -00,462 -00,473 

I'rww. 12x10* kKnuH. . . . -0 0,311 -0 0,348 -0 0,341 

lAvrragc -00,4080 -00,4005 -00,4018 


It was further found that the purer the sample, the smaller the temp, coeff. This 
is not usui^, although L. Holborn found it to be the ca.se with aluminium. 
W. P. Davey gave 0*91) A. for the ionic radius of the magnesium ion in magnesium 
oxide, 

Magne.sium is elect rieally negative agaimst the metals of the alkalies and alkaline 
earths. According to J. F. Danicll an(l F. Exner, the electromotive force of an 
element Mg|Br is 2’3<) volt.s, and of an clement Mg! I, 1*57 volts. W. R. Mott 
measured the jiotential diflerenco between magne.sium and some of it.s salt soln., at 
20“ against a normal electrode — 0'.5 volt, and found with Mg—NaCl (2 mols per 
litre), -( 1*16.3 volt.s; Mg ■ NaOll (one mol per litre). -11*111 volts; Mg— K()H 
(one mol per litre), | 1*110 volts; Mg-KOH (0*1 mol per litre), -j-PlOQ volts; 
and Mg - .MgSO, (one mol per litre), } 1*366 volt. Accordingto 0. M. van Deventer, 
magne.sium, when ijiimcrscd in a mixture of alcohol and water, may become cathodic 
to zinc. immer.sod in dil. .sulphnrie acid. The change of potential is duo to the 
formation of a layer of in.soluble badly conducting .salt on the magnesium. N. R. Dhar 
studied tlie e.m f. of magnesiinn against aq. soln. of magne.sium and potassium 
chlorides, arul gave 0*81 volt for thi' potential again.st water. The c.in.f. in water 
or a mmtral electrolyte is le.ss than in a soln. of its own salt. W. Kistiakowsky 
measured the potential of cells of the typo Mgj.Y-Mg-ionsjA'-H-ionslHa on Pt. The 
tuaximum ])otential of the magnesium elec&ode agrees with the a.ssumption that 
the heat evolved by the reaction is iMg-|-H20--JMg(0H).^-fJH2-f 40*28 Cals. ; and 
it i.s infern'd that the potential of the magnesium elect rode is fixed by the free energy 
of the reaction ^Mg |-0ir--3--JMg(0H)2, just as the potential of the hydrogen 
electrode is fixed by the free energy of the reaction 11204 - 9 —^ 112 + OH'. The 
Wet that the potential of the magnesium electrode is independent of the cone, of the 
Mg-ions, and that it n^aches a maximum in reducing soln., and a minimum in 
oxidizing .soln., is taken to .support the hypothesis. J. HejTovsky found the decom- 
position |)otential of magnesium to be —1*903 volts. L. Carnbi found evidence 
of the painivity of magnesium and its amalgams during his measurements of the 
e.m.f. of this metal in pyridine soln. of magne.sium chloride or iodide, but not when 
methyl alcohol was used as solvent. 

The electric current generated by heating a junction of two different metals, or the same 
metal in two different conditions, is called a thermoelectric current, or the SMbedt fffect. 
If the two junctions of a couple be initially at 7^, and the temn. of one bo raised by a small 
increment dT, when dJC is the corresponding e.ro.f ., the ratio dEJaT is the thermoelectric power 
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of U»e two me^s at When «d elecirio ourrpnt flow pmmm in a doaod eiivuit itnniAinin. 
different ineUk, h^t is absorb^ at the junction which would hax-e to be heated in onler to 
pve a tho^eetnc cui^t m the j«no direction- « that Bivei. hy the wd 

conveiaely tor the other jimelion. The pheuomman la eallod the Pridar tSeel Aeaiii. 
,f a oiimt m a eloeed eiremt oontaining ddlerent loetala aith hot and ' ,lTiune^^i.^SJ: 

J®. »n /opper, and converwdy ; heat is evoIvMl when a current 

flows fr^ <»ld to hot m and conversely. This phenomenon is calJt^l the TbOfflMO 
eflset. Tho Ihonwon effect wth cooper, silver, rinc. cadmium, and antunony is saiduTbe 
positive ; ;fith iron, bismuth cobalt, nickel, and platinum it is said to be ncRafive ; and 
with load, the effect is neutral. ‘ 


J Dewar and J.'A. Fleming a value for the thermoelectric loK*, or the Seebeok 
effect, of magneaiuin at 1(X)" in Oi'2 millivolt; K. Noir« (»-h» millivolt; and 
E.. Wagner’s, 0'43 millivolt; and the ciirnmtgoes U> the platinum from the junelion, 
at 0°. P. G. Tait represents the thermoeleetric powers, A', of a ciiruit of magnesium 
and lead with one degree difference of temp, as dE/dd~2 2'24)(miO mierovoKs, 
when 0 represemts the mean temp, of the two»junrtions ; when is and fiO^, 
the respective thermoelectric powers are 203 and l-7f» microvolts; the iieufrai 
point is 236°, when dE/dO is zi'ro. P. W. Bridgman found tlie thermal 
effect, E , of magnesium against lead at atm. jiress. to Ik* very hiiirII, 
A’— (”-OO9504-OOOOO4d*) xl0~* volts; the Peltier eff(*et, P, against lead is 
P— (^■O95-fOOO(X)8^)(0-f273) X 10”® volts, and the Tlnmison effect, <r, against 
lead is fj'=0 00008(d4-273)xl0~® volts per degree. The tln*rmal e.m.f. of a couple 
composed of one branch of the uncomprcssiMl inet/al and the other compressed at 
]} kgrms. ])er sq. cm,, with the junction.s at 0"', arc in volts x 10®, * 


10* 

:;(e 

40* 

fi<r 


MHI' 

-017 

-0 33 

- 0 67 

1 (Ml 

-1 34 

-1 07 

-067 

-1 04 

2 18 

3 43 

- 4 ’57 

571 

-130 

-2 59 

- 5 18 

7 78 

-10 37 

-12'90 


The curves of e.m.f. at constant ti'inp aijam.st press arc concave upwards corre- 
sponding with an increasing ]>roportional effeet at higher j»rcHs. ; at constant jtress., 
the e.m.f. against temp, is linear. For the Peltier effect between the comjiressed 
and uncompressed metals, in joules p<'r coulomb xKt®, P. W. Bridgman found : 


( 2,000 

p' 6,000 

j 12,000 


0“ 

20' 

40 

no" 

MO* 

KKJ* 

- 4 56 

4 91 

5 24 

5 56 

- 5 89 

6 23 

15 6 

16 7 

17 9 

19 0 

20 1 

- 21 1 

35 4 

^ 38 0 

40 6 

43 2 

-45 8 

-48 4 


The Peltier effect is thus negative and inereaw's numerically with both temp, and 
press. The Thomson eff^ was found to b<i everywhere *^*ro. Ae-cording to 
M. E. Verdet, magnesium and its salts are diamagnetic ; H. Meyer gave d-0'r)7 X 10“^ 
for the magnetic susceptibility of erysfaliine magnesium at 20" ; and K. Honda 
gave 4*0 '55 X 10”® at 18 '. P. Pascal found the at. <-oeff. of magnetization to be 
— 113x10*7 units. A Gunther-.SeliuIze ’ studied the electrolytic Vtlve ftOtion of 
magnesium in aq. salt soln. 
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§ 6* The Chemical Propertiei of M a anm i n m 

Magneflioin is used for mitV ing illuminating powders for flash-light pbotography ; 
and for star-ahells for illumination in warfare ; it is used as a deoxidizer in makiiig 
bronzes, nickel-silver, and other alloys ; it is used in conjunction with aiuminium 
for wipin' ng light alloys — e.g. magnalium ; and it is used in dehydrating oils — €.g, 
aniliiie oil— etc. The compounds of magnesium are used medicinally ; in maldng 
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cementB ; and magneaia is employed for making tke aoKsalled magnesite bricks for 
lining basic steel furnaces, and electric steel furnaces. 

According to J. B. A. Dumas,* magnesium absorbs about two-tbirda of its vol. 
of hldlOgOl, which is evolved in vacuo at a red heat. 0. Winkler stated that hydrogen 
is not absorbed by hot magnesium, but a slow absorption does occur if the metal 
be mixed with magnesia, and heated to redness in a stream of hydrogen for 4 hrs., 
and he believed that 6*42 per cent, of the metal has been converted into magnesiiun 
hydride. No other chemical evidence of the existence of magnesium hydride has 
been adduced. According to A. Fowler, the dark grey deposit formed by the 
passage of the arc in hydrogen probably contains magnesium, oxide, since, when 
dissolved in acids, it gives less hydrogen than would be furnished by an equal weight 
of niagnesium ; th<Te is no chemical evidence of the formation of a hydride. 
0. H. Ba8<iuin noted that the spectrum, in hydrogen, with the rotating metallic 
arc with aluminium, copper, magnesium, silver, or sodium, has characteristic lines not 
found with the arc 8p<'ctrum in air, and “ in lieu of a better hypothesis,” he assumed 
that the lines arc du(^ to the formation of metal hydrides. W. N. Hartley did not 
favour the hypothesis b(*cau8e, in the case of sodium, the dissociation at barometric 
nroHS. is complete at 422”. G, D. Liveing and J. Dewar attribukd the line at 
Ass=52l0. and the attendant series to “ a mixture of magnesium and hydrogen rather 
than to a chemical compound, because this cxpre8.se8 the facts, and we have not yet 
obtained indcqiendent evidence of any chemical compound of these elements ” ; but 
in a later paper, th (7 stated that “ the lines just indicated are due to a combination 
of hydrogen ^and magnesium, and arc not dependent solely upon the temp.” 
A. Fowler likewise assumed that magnesium hydride is concerned in the production 
of the flutings in the spectrum of a mixture of hydrogen and magnesium, and that 
the combination apjicars to take place directly under the influence of the arc, 
especially at low press., or with some forms of the spark discharge, or by the combus- 
tion of the metal in an atm. containing hydrogen I'ither free or in combination. 
K. K. Brooks suggested that the compound is in most experiments decomposed as 
quickly as it is formed, and A. Fowler added that “ a perfectly definite conclusion 
does not at present seem to be poasible.” 

• A. A. B. Bussy,* and H. Bunsen found that magnesium does not change in dry 
air, but, in moist air, it is soon covered by a white film of magnesium hydroxide, 
and H. Ht. C. Devillc and H. Caron found that in ordinary air it is attacked super- 
ficially. fl. fikmstadt also stated that magnesium contaminated with nitrogen 
(nitride) is not stable in air. The metal inflames when heated just above its m.p. in 
air, and burns with an intense white dazzling flame, and a white cloud of magnesium 
oxide is formed. W. Muthmann and K. Kraft give 540” for the ignition temp, of 
magnesium in oxygen. According to F. J. Rogers, the temp, of the magnesium 
flame is 1335”. According to A. K. Christomanos, and W. French, when a cold 
solid is introduced into th(‘ magnesium flame, a black spot surrounded by a white 
halo of magnesium oxide is formed ; according to A. K. Christomanos, and 
G. Baborovsky, the black deposit may be a suboxide ; and A. K. Christomanos, 
J. W. Mallet, and J. Pinnow say that an appreiuable quantity of magnesium nitride 
is formed in the sinolhered cotubttsiion of magnesium, i.e. the combustion of the 
md^l in a quantity of air insuflicient to burn all the metal. H. Kammerer observed 
the formation of appreciable quantities of nitric oxide when magnesium burns in a 
cylinder filled with air ; P. L. ^Ulanoglou noted the formation of ammonia in the 
oxidation of magneaium in moist air. According to S. Kappel, if air be passed 
over magnesium in contact with potassium hydroxide, nitrous acid, ozone, and 
hydrogen peroxide are formed ; if the metal is in contact with aq. ammonia, 
magnesium nitride and suho.xide are formed. In oxygen, magnesium buma quanti- 
tatively to the oxide. N. B. Pilling and R. Fi. Bedworth found that magnesium 
at 500” in oxygen produces a discontinuous film of oxide which offers no impedance 
to further oxidation. The oxidation is at the rate of about 0*00052 grm. per 
sq. cm. per hour, a value about one-third as great as that for calcium at the 
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same tomp. 0. O^nn found magnesium-wool burns with ejmlosivs violenoe 
when Ignited with a bimsen a burner. 

According to A. A B. Bnasy, cold, recontlv boiltKi water is without 
action on while waU^r, simc hydrogen ia developed: 

Mg+- 2 H 8 q=Mg(OH) 2 +H 2 . On the other hand, J. von Liebig stated that boiling 
water is without action on the metal. R. Bunsen observed that the metal ho pro- 
pared slowly decomposed cold water. It is not clear if all these aamplos of nieUl 
were free from the alkali metals or the water free from carbon dioxide. 1). Vitali 
found water free from carbon dioxide gives no hydrogen in contact with magneaiura. 
According to C. F., Roberts and L. Brown, magnesium has no action on distilled 
water which has been freed from gases by boiling and afterwards w>oh‘d out of 
contact with air. It reacts, however, with undistilled water, with unboiled distilled 
water, or with water which has been boiled and afterwards charged with oxygon 
or carbon dioxide, varying amounts of hydrogen ludiig liberatwi. II. T. Barnos 
and G. W. Scherer showed that some hydrogen peroxide ia formed in the n'sction. 
W. Hughes found that the reaction between magnesium and water is very slow at 
the ordinary temp., but is greatly accelerated in presence of m^uiral and alkaline 
salts, such as sodium chloride, sodium hydrocarl>onate, sodium cari>onat(\ and 
magnesium sulphate. Experiments with sodium chloride soln. at 2f)‘* have shown 
that the initial rate at which hydrogi'n is evoIvt‘d depends on the eoni'entration of 
the dissolved salt. The rea<'tion velocity has a maximum value for a soln. con- 
taining 32 mols of water per mol of sodium chloride. This maximum cannot he satis- 
factorily interpreted in terms of the jdiysicul properties of sodium chloride soln., 
and is regarded as evidence in favour of the specific natim* of the catalytic action 
of the electrolyte present. According to A. Ditte, magnesium decomposes water 
at a temj). exceeding 70®. WaUT vapour, at not jiarticularly high temp., is dec^im- 
posed by magnesium ; and the phenomenon is used as a lecture* experiment. — tWs 
A. Duboiti, H. Ix*ffmann, G. T. Moody, M. Rosiuifeld, ek. According U» F. Kessler, 
burning magnesium is not extinguished when plunged int.o steam. 

According to C. Weltzien, and (». (liorgis, a soln of hydrog0D peroiide dissolves 
magnesium ; if atm. carbon dioxide l>e not excluded, the soln. becomes alkaline, 
and furnishes on ovajioration needle-like cr\stals of magnesium earhonab*, soluble 
in water ; while if carbon dioxide he excluded, the metal is dissolved much more 
slowly, tht; water becomes alkaline, and on evaporation gives a llocciilent residue, 
not soluble in water. H. T. Barnes and 0, \V. Schen*r showed that with magnesium 
and aluminium electrodes in contact witli water containing dissolved air, the c.m.f. 
slowly rises to about one volt, although tlj<* metals are close together in the electro- 
chemical series ; this is due to th<* formation of hydrogen peroxide by the action of 
water containing dissolved air on aluminium. When frei* hydrogen piroxido is 
added to the aluminium compartment, the e.m.f. ri.s<*8 to about two volts, and then 
gradually falls as the hydrogen peroxide is d<‘eomj) 08 cd. 

H. Moissan » found that niagncsium hums vigorously in fluorine (aneo heaucoup 
d'cclat), forming the fluoride. In 18:)0, J. von Liebig found moist chlorine gas 
inflames magnesium ; and in 1852, R. Bunsen said that the warm metal burns in 
chlorine, and J. A. Wanklyn and K. T. Chapman said that magnesium remains 
bright for a long time in cold chlorine H, Cowfier found that diy chlorine gas 
does not attack magnesium. H. Gautier and G. Charpy kept lii^uid chlorine for 
15 months in contact with magnesium without any appreciable action. 11. Bunsen 
said that warm magnesium docs not burn so readily in bromllie vapour as it does in 
chlorine ; and H. Gautier and G. ('harpy, and J. A. Wanklyn and E. T. Chapman 
found that dry liquid bromine could l>c kept for a year in contact with magnesium 
without any appreciable action ; bromine water, on the other hand, gives a regular 
development oi hydrogen, and an oxy bromide is formed. R. Bunsen said that 
magnesium bums vigorously when heated in lodins vajiour, and T. L. Phipson 
distilled iodine from magnesium without appreciable action. F. J. Faktor stated 
that a soln. of iodine colours magnesium green, and a film of the iodide is formed, 
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tnd J. A. Wanklyn and E. T. Chapman, that an ethereal or akwhoHo spin, of iodine 
acts ve^ slowly on magnesium when warmed. R. Bunsen noted in 1852 that 
magnesium is readily attacked by fa|drochloiric add— action of acids on copper, 
and also on zinc. E. T. Austen noted that when burning magnesium is introduced 
into gaseous hydrogen iodide» it continues burning for a moment, and is then 
extinguished. A soln, of bleaching powder, sp. gr. 104, was shown by A. D. White 
to act slowly on magnesium with the evolution of hydrogen ; with hypochlorous 
acid, hydrogen is rapidly evolved and magnesium hy^hlorite is formed. Accord- 
ing to W. 8. Hendrixson, when magnesium reacts with chlodc add, about 95 per 
cent, is converted into chlorate, and the remainder is spent in the reduction of the 
acid. C. Ki})penlH‘rger reduced soln. of the chlorates to chlorides by means of 
magnesium. According to A. Ditte, with a cold aq. soln. of iodic add iodine is 
liberated, and hydrogen evolved ; and a very dil. soln. of the acid is coloured yellow 
by the iodine. According to D. Vitali, a soln. of iodic acid is first coloured yellow 
by magnesium, and a brown precipitate is formed containing magnesium iodate, 
while the colourless soln. contains iodide and iodate. 

According to K. Bcubert and A. Schmidt, the alkali chlorides are reduced to the 
metals when heat<‘d with magnesium in an atm. of hydrogen, lithium chloride being 
reduced most readily ; the alkaline earth chlorides are also reduced in a similar way, 
and the reduction is more readily effected the smaller the at. wt. of the metal. Most 
metal chlorides - c,//. the chlorides of copper, silver, gold, zinc, cadmium, mercury, 
aluminium, thallium, lead, tin, arsenic, antimony, bismuth, chromium, tungsten, 
molybdenum,^ uranium, manganese, iron, cobalt, nickel, and platinum — are also 
reduced when heat<'(l with magnesium. According to 8. Moller, chemilumineicence 
occurs when an alkyl halide in ethereal soln. reacts with pow’dered magnesium. 

According to J, von Liebig, < molUm sulphur reacts with magnesium, and, acoord- 
ing to K. Bunsen and J. Parkinson, the reaction is vigorous with the red-hot metal, 
and the metal burns vigorously in sulphur vapour, forming magnesium sulphide. 
A. Orlowsky found that the reaction between magnesium and sulphur or a soln. of 
sulphur in carbon disulphide is exceedingly slight at ordinary temp. According to 
T. L. Phipson, and F. G. Reiehel, the sulphur can bo volatilized by heat from an 
admixture with magnesium filings without reaction. According to W. Spring, a 
mixture of sulphur and finely divided magnesium forms a polysulphide when 
subjecited to a press, of 6r)00 atm. L. Kessler found that burning magnesium 
continues burning in an atm. of hydrogen sulphide, and also in an atm. of 
sulphur dioxide. In the latter ease J. Parkinson found that there is a separation 
of sulphur, and the formation of a residue which gives off red fumes when treated 
wi^ nitric acid, and magnesium sulphate being formed. According to J. Uhl, the 
residue after the eombustion in sulphur dioxide contains sulphate, sulphite, and 
sulphide. W'ith sulphurous acid, P. Seshweitzer obtained sulphite, thiosulphate, 
and trithionato ; and M. Billy obtained magnesium tetrathionate with a soln. of 
sulphur dioxide in absolute alcohol. C. Bruckner found that when SUlphUT triOXide 
vapour is passt'd ov(*r red-hot magnesium powder, magnesia, sulphur dioxide, and 
magnesium sulphide are formed. R. Bunsen stated that magnesium dissolves with 
difficulty in cone, sulphuric add, and J. von Liebig observwi the development of 
sulphur dioxide, and A. Ditte, hydrogen sulphide and sulphur. The rate of dis- 
solution of magnesium in dil. acids has been mvestigated by N. Kajander, and he 
found that the wt. of metal dissolved in unit of time is, eastern partbus^ a simple 
function of the mol. wt, of the acid, of its cone., and of the nature (water, salme 
soln., eto.) of the medium in which the reaction is effected. Heat accelerates the 
reaction only because it diminishes the internal friction of the liquid. P. B. Ganguly 
and B. C. mnerji found that a rod of magnesium partly immersed in dil. acid 
is most attacked near the surface of the liquid. K. Seubert and A. Schmidt found 
fulphuy chloride, S 2 CI 2 , rives sulphur when heated with magnesium. 

According to C. Briioknex^.when an alkah sulphite is heated with magnesium, 
alkali sulphide and sulphate are formed, while the heavy metal ffolphitef, e.y. lino 
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sulphite, fonitth aolphur dioxide, and the loetal oxide, sulphide, and sulphate. 
When the a ftlli Wl p hatoB are calcined with magneaium in a stream of nitrogen, 
the al k ali polyautehide, thiosulphate, and sulphur are formed, but no sulphur 
dioxide is evolved ; while the aJWltiia earth inlphltol, and the sulpha^ ol 
m a ffifl i h uPt MnCi aloniiiiiiim, and nickel give sulphur dioxide and oxide ; cuioic 
snlphato also gives metallic copper ; and the folphatei ot manganese and itOQ give 
the higher metal oxide, thiosulphate, and sulphide as well as sulphur dioxide and 
sulphur. Some sulphates react giving sparks when they are, triturated with 
magnesium. The products of the reaction in the cold are not the same as with 
heat ; thus n i db M lulphate gives nickel sulphide and magnesium oxide in the wid, 
and nickel sulphide, sulphur dioxide, and sulphur when heated. Awonling to 
F. J. Faktor, when magnesium is calcined with sodium thiosulphate, the sulplude 
and sulphate are formed ; and when magnesium is heated with a soln. of sodium 
thiosulphate the reactions are symbolized: Mg-f2lLO i 

NaiSjOj-f Hg^HjS+Na^SOj ; Mg(OH)j-f- 2 H 2 S-Mg{SH) 2 + 2 fLO. H. Mouraour 
also studied the action of magnesium on soln. of sodium thiosulphate. A('w>rding 
to M. G. Levi, E. hligliorini, and G. Ercolini, magnesium rajiidly dissolves in a soln. 
of potassium persulphatei with the evolution of gas ; and the turbulent a('tion of 
an aq. soln. of ammonium persulphate on magnesium, furnishes ammonia gas, etc. 

F. W. Newmann*® studied the absorption of nitrogen by magnesium at the cathode 
of a vacuum tube. Magnesium is not attacked by nitrogen in the cold. 11. Frdmann 
found liquid nitrogen extinguished the flame of burning magnesium. F. Jlriegicb 
and A. Geuther prepared magnesium nitride by heating the metal ii a strt*am of 
nitrogen or ammonia. H. N. Warren added that there is very little actum liolow a 
red heat, although the metal becomes less fusible and burns with viohuit doon'pita- 
tions when ignited ; at a dull red heat, the metal becomes yellow with a golden 
lustre ; and at a full red heat it forms an orange-yellow powder of the nitride. 
According to T. L. Phipson, and G. A. Maaok, aq. ammonia do(*,8 not n‘act with 
magnesium in the cold. Dry liquid ammonia, according to F. G. Cottrell, does act 
slowly on magnesium, forming a faint blue soln., which gradually decomposes into 
amide and hydrogen, in a manner analogous with the corresponding niaction lu^tween 
liquid ammonia and the alkali and alkaline earth metals. Liquid AOOtytenP at 
ordinary temp, has no appreciable action on the metal. Electrical conductivity 
measurements show no signs of the formation of magnesium amininocarbide or 
amminoacetylide, but mixtures of liquid ammonia and acetylene readily act on 
magnesium, forming a crystalline compound, MgCg'^^Njj.ONHj, and some ethylene 
and ethane. The product is stable Ix'low 2“, but at this temp, it loses the eq. of 
rSNHj, and the residue is stable between 2“ and (K) ', when it loses ammonia and 
leaves behind a mixture of magnesium amide and nitride, According to C. A. L. do 
Bruyn, anhydrous Ilydroxjdftniilid is without action on powdered magnesium. 
L. Kessler found that the flame of burning magnesium is not extinguished in nitmi 
or in Dltric ; and P. Sabatier and J. B. Simderens found that nn^fnesiutn 
filings begin to react with iutrO00& p6ioxid6 at a dull rini heat, it. Welxir found 
nitfOg ft n only exerts a slight action on the metal ; and J. J. Sudlxirough, 

that nitrCMQrl Chloridfl has no action on the metal either fh the cold or at 1^0°. 
According to W. N. Hartley, aq. soln. of nitritof are reduced by inagnesium to 
nitrites, and C. Kippenberger showed that with a dil. soln. of a nitrate, the first 
reduction product is a nitrite, then hydroxylamine, and finally ammonia. These 
primary reduction products can interact with one another to yield secondary pro- 
ducte— nitrous and nitric oxides, nitrogen, etc. J. von Liebig sUted that with cold 
nitete add, nitric oxide is evolved, while C. Montemartini found that nitrous and 
nitric oxides, nitrogen, ammonia, and hydrogen are developed. The amount of 
produced in the reaction between magnesium and nitric acid increases 
with the concentration of the Utter until 4() per cent, acid is reached, the quantity 
then decreases. Much hydrogen is formed ; the mixture of this gas and nitfU 
ox ide liberated by 13 per cen^ acid may be exploded by an electric sparic* 
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J. J. Acworth and H. E. Armstrong obtained less nitric oxide and more nitrous 
oxide and nitrogen than is the case with cadmium or zinc. Accordii^ to B. Divert, 
magnesium and nitric acid produce some hydroxylamme which is decomposed 
rapidly as to escape detection unless some hydrochloric acid is also present. Fur 
some unknown reason sulphuric acid useful in the case of zinc is unsatisfactory’ with 
laagneBium. According to P. T. Austen, magnesium burns with a white light in 
the vapour of nitric acid. According to W. Eidmann, many nitrogfODOllS fub- 
itlQOaft when heated with magnesium, furnish magnesium nitride ; and carbo- 
nitrogenous substances may give magnesium carbide as well. 

J. Parkinson, P. T. Blunt, H. Schonn, and 0. Emnierling obtained magnesium 
phosphide by heating magnesium with phosphonis. A. Stock and B. Hoffmann 
obtained magnesium })huHphide by heating the metal with phosphorus nitride, 
PjNj ; K. Seubert and A. Shmidt obtained phosphorus by the action of magnesium 
on phosphorus trichloride ; and B. Keinitzer and H. Goldschmidt found that 
magn(‘sium reacts with phosphoryh chloride, POOI 3 , at ordinary temp., forming 
phosphorus trichl()rid«‘, magnesium chloride, and phosphate, as well as a red substance 
which they think is an oxide of phosphorus ; the reaction is very vigorous at 100 '^. 
H. Mouraour found magnesium slowly attacks soln. of disodium hydrophosphate ,* 
and A. Duboin found that a mixture of a mol of normal calcium phosphate with 
eight gram-atoms of magnesium reacts vigorously when heated in an atm. of hydro- 
gen, some phosphine being formed, J. Parkinson heated to redness a mixture of 
magnesium filings and arsenic in a stream of hydrogen, and obtained a hard brown 
mass, wliii^h rapidly disintegrates on exposure to air. J. Parkinson prepared a 
similar ])roduct with antimony and magnesium. A. Stock and W. Doht obtained a 
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similar product. G. Grubo obtained the f.p. curve shown in Fig. 4 . There arc two 
eutectics, with a maximum corresponding with magnesinm antimonide, MgaSb^, 
melting at 961°. Magnesium readily alloys with bismuth, and Q. Grube similarly 
ob^ined ma^mcsium bismnthide, MgsBi 2 , molting at 715°, Fig. 5 . 

C. Winkler ** observed that a superficial layer of magnesium carbide is formed 
when magnesium is heated with carbon ; and J. Parkinson observed that some 
carbide is likewise formed when magnesium is heated in a stream of benisene vapour, 
although mathane and coal gas have very little action. C. 0 . V. Engler and 
E. Kneis have studied the action of petroleum on magnesium, and found no appreci- 
able solvent action after four months’ exposure in air ; the impure oil may exert a 
solvent action. K. Seubert and A. Schmidt found carbon tetrachloride forms 
carbon when heated with magnesium. According to L. Kessler, when a spiral of 
burning magnesium ribbon is immersed in carbon monoxide, combustion ceases ; 
but if the metal be heated in a stream of the gas, vivid combustion occurs, and a 
grey coating of carbide is formed on the metal. J. Parkinson noted the separation 
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„{ a heated in an atm. of carbon monoxide. C Winkler 

and H. Creher alao made observations on the reduction of carbon 01000x1.1“ “; 

incipient white neat, J. Parkinson, and L. Kessler noted that carbon dioxide is 
reduced to car^n by red-hot magnesium. C. Winkler showed that if magmviium 
be moderately heated in a stream of carbon dioxide, the meUl is slowly coiuTrU^d 
into carbide, and soine carbon monoxide is formed ; on raising tin* temp, to a full 
red heat, the metel inflames, forming magnesia and carbon. Thesis rtuictions are 
more readily observed if the powdered metal is employed. When a mixture of 
magnesium and caFcium carbonate is heated in a curnuit of hvdrtigeii, a violent 
explosion occurs, and magnesium carbide is formed, but no ealcium. K Jirunner 
found that when magnesium powder is scatbTed over a flat dish ( 5 onUming solid 
carbon diowde and a small amount of burning magnesium is (lroj»pe«l into this, the 
metal continues to burn, forming a grey cake, which, on treatment with water and 
hydrochloric acid, leaves a residue of black. Hoft ulont carbon. S. Kapjiel, M, Halh), 
and G. Qiorgis have studied the action of water saturated with carbon dioxide on 
magnesium some hydrogen is developed but no magm‘sium carbonate is pre- 
cipitated — water alone, under the same conditions, is wnthout action on the metal. 
J. von Liebig found magnesium is attacked by cold dil. acetic add, and K. leihnsteiii 
found that the solvent action of dil. acetic acid on magnesium is inhil)it 4 ‘d if 
])otassium dichromatc is added in sullieient (juantity to the solii. The magnesium 
loses its power of dissolving spontaneously in the soln., but, if it is made the 
anode of an electrolytic cell, it dissolves readily. The eonc. of tli^ diiihromato 
required to produce the passive condition increases with the <h>iic. of (Ik*, acetic 
acid. If soln. still takes place, the rate is greatly diminished by tlm dirhromate. 
The passive condition may be destroyed by the addition of an alkali or mag- 
nesium salt of a strong acid, the rate of soln. of the active magnesium increasing 
with the cone, of the added salt. U. Ixihustein suggest'd that the plu'iiomena 
are of catalytic nature. According to A. Cavaxzi, tlie vapour of carbon disulphide 
converts red-hot magnesium into the suljihide. Accoi^ing to A. llossel, mag 
nesium reacts with incandesceiuki when heated in air with calcium carbide : 


2CaC2-bCMg-f-2Ni,4-r)()2-=:iCa0+2Mg3NH-iC02. L. Kahlenberg and Jl. Hchlundt 
found that magnesium is not attacked by anhydrous liquid hydrOf(en Cjanide, 
nor by a soln. of sulphur trioxide ; on the other hand, the metal is attackeii by 
a soln. of hydrochloric acid or fuming sulphuric ai'id in that liquid. W, Eidmann 
found that when magnesium is hcati-d with the cyanides of th<‘ alkalies or alkaline 
earths, the metal carbide and magnesium nitride are formed ; the less stable 
cyanides — e.g. those of zinc, cadmium, iih'kel, cobalt, lead, and cojqier- react with 
incandescence, forming the metal iiiagneHium nitride and carbon ; and the unstable 
cyanides — e.g. thos<* of gold and mercury - first deconijiosc into the metal and 
cyanogen, which latUT reacts explosively with iiuigiiesiuin. A. Urochetand J. Petit 
found that magnesium is vigorously attacked in th<* cold by a soln. of potassium cyanids. 

According to C. Winkler, silicon reacts with magnesium with feeble incandescence 
when the two elements are heab’d together. G. Rauter found that magnesium exerts 
very little action on silicon tetrachloride, when heated for 67 hrs. to 390 
although some silicon is formed ; while K. Seubert and A. Schmidt say that much 
silicon is formed. T. L. Phipson and J. Parkinson found silica is n'duc/cd by magne- 
sium when heated by the flame, of a spirit lamp ; C. Winkler found the reduction of the 
silica is attended by incandescence, ami in the cooler jiarts of the containing vessel, 
bluish-grey magnesium silicide is formed, and in the hotter parts, brown amorphous 
silicon is formed. If an excess of silica be employed, no silicide is formed. Sil icatai 
were found by C. Winkler to be reduced like silica itself when heated with 
m^nesium. J. von Liebig nobid that glass on which magnesium has been burnt, 
and D. P. Smith that glass on which the metal has been fused, shows a black stain 
which is not removed by acids. V. Meyer found porodain is strongly attacked by 
magnesium at an incipient white heat. Aciiording to J. Parkinson, and C. Winlfler, 
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ifl reduced by magnesiwn at a red heat, and the inaM becorug 
incandeecent— acme magnetium titanaU, but no magneswm tiianide is fornj. ,i 
According to C. Winkler, magnesium titanate, MgTiQi, is not reduced by magnesiuui. 
E, A. Sebneider found titmnm nitride,TisN^, reacts with magnesium Jilce magneaiu/ii 
joitride, MfyNg, resets with titanium. T. L, Phipson found tbst muonillin dioxide 
if redu^ by msgoesjum at the temp, of an alcohol dame ; C. Winkler showed that 
the reaction is not complete, and if it takes place in an atm. of hydrogen sonic 
magnesium hydride is formed ; no magnesium zirconide was observed. According' 
to 0. Winkler, oeriom dioxida is reduced to the sesouioxide or the metal according 
* to the proportion of magnesium ceride; thorium dioxide is incompletely reduced with 
feeble incandescence ; germanium dioxide is very vigorously reduced to metal ; 
likewise ftannio oxide and lead dioxide are vigorously and violently reduced to the 
respective metals. 

According to H. Moissan, when magnesium is heated with boron in a neutral 
atm., magnesium boride, Mg 3 B 2 , w formed ; and with borOQ sulphide, boron and 
magnesium sulphide. K. Hubert and A. Schmidt say that boron is formed when 
magnesium is heated with boron chloride. T. L. Phipson, A. Geuther, H. N. Warren, 
A. Duboin, and L.Gatterniann observed that boron trioxide is reduced by magnesium, 
forming boron, and 0. Winkler obtained a mixture of boron and magnesium boride. 
H. Moissan has studied the reaction as a means of preparing boron. C. Winkler 
and L. Oattermann found fused borax is reduced like boron trioxide. J. Parkinson, 
and C. Winkler reduced alumina by magnesium ; and the latter reduced yttrium, 
lanthanm* gallium, indium, and thallium sesqnioxides in a similar way. 
J. Parkinson found chromic oxide is reduced by magnesium. W. R. Dunstan and 
J. R. Hill found that the immersion of the metal in one per cent, soln. of potassinm 
dichromate or chromate f ui^nishes passive magnesium, for the metal so treated and 
washed remained unchanged in distilled water for some hours under conditions 
where the untreated metal is oxidized all over. The passive metal is, however, 
also oxidized in about 24 hrs. A. Vyskocil also obtained passive magnesium. 
Chromic add soln. act on magnesium tarnishing the surface. H. N. Warren found 
that molybdenum oxide reacts explosively with thi.^ element. 

At a high temp, magnesium acts as a powerful reducing agent. H, N. Warren 
stated that magnesium does not reduce the alkali oxides and alkaline earths, 
but C. Winkler showed that this statement is wrong, for he found the alkali 
hydroxides and al k al i carbomUes, excepting ctesium carbonate, to be readily 
reduced by magnesium when a mixture of the two is heated in a sealed tube or in a 
stream of hydrogen. The reaction is very energetic with lithium and sodium 
carbonates. A, Geuther, and T. L. Phipson obsen^ed the ready reduction of sodium 
carbonate ; the latter found the reaction occurred at the temp, of an alcohol flame. 
C. Winkler thought that cjesium carbonate was not reduced under these conditions, 
but the work of E. Graefo and M. Eckardt, N. N. Beketoff and A. Scherbataoheff, 
and of H. Erdmann and co-workers shows that cwsium hydroxide or carbonate is 
readily reduced. Cuprous oxide and silver oxide are violently reduced by mag- 
nesium; silver oxide and gold oxide are reduced by heat without , the aid of 
nvignesium. The alkaline earth oxides are readily reduced by magnesium; 
beiylhum, aino, cadmium, and mercury oxides are reduced explosively when 
heated with magnesium, but magnesium oxide is not changed. F. £. Weston and 
H. R. Ellis found that magnesium reduces aluminium oxide when the mixture is 
ignited with a fuse. 

Magnesium acts as a nnlucing agent on soln. of salts of the metals. The available 
evidence is sometimes contradictory. Magnesium has been said to precipitate the 
element from soln. of salts of copper, silver, gold, zinc, cadmium, mercury, thidUum, 
selenium, tellurium, arsenic, antimony, bismuth, tin, lead, manganese, iron, cobalt, 
nickel, platinum, and palladium ; to precipitate the oxide from soln. of salts of 
chromium, and uranium ; to reduce but not precipitate soln. of salts of molybdenum, 
tui)gsten, and vanadium. This subject had b^n investigated by G. A. Maack,^ 
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..rfin^^wtion for tbe speed of heterop-neoue ^'actions' 

reaction be^een ^enum and eoln. of the ammonium nalte, or . f m.ut?»ln.eU it 

,,K«d of tto reaohon de^nds to a great extent on the oxidiring or redueine .u.wir of 
the attacking aolim Tka view confirira V. Kiatiakowakv a ohaervatioL on the 
magnesium eleo^e. The anions of neutral salts m aoln ' set . atalvtieallv on the 
decomposition of water by m^nesium. Platimied magnerinm ia also a imwerful 
n-ducing agent ; thus, according to M. Ballo, it n-dueea nitml)en^.ne in aleoholio 
aoln. quantitatively ^ aniline. J. I. Miehailenko and 1>. ti, Muahinakv showed 
that the water of crystallisation of certain salts ia aet«l on hv magnesium with the 
evolution of hydrogen. 

According to F. Wohler, aq. soln. of atunionium chloride or carUfimte diMsolve 
magnesium with the evolution of hydrogen ; S. Kern, and I). Tommaai also found 
the attack iB vigorous with soln. of animoniiini (\Jiloride, and L. Santi, and 1) Vitali 
stated that the double salt, Mg(NHJj,Cl 4 . w formed ; and If. Mouraour found soln. 
of various amnumom salts-carbonate, chloride, oxalate, and sulphide act vigor- 
ously on magnesium, but no action was obscrv’ed with soln of ammonium fluoride. 
H. Mouraour attributed the specific action of soln of the ammonium salts to their 
solvent action on magnesium hydroxide. D. Vitali found the action of a soln. of 
hydlOiylamilia hydrochloride to be analogous to that of ammonium chloride. 

According to G. A. Maack, and T. L Phipson, eold aq. soln. of the alM** 
hjtdroxidM do not act on magnesium, and a similar ohs(‘rvation was iniuie by 
L. Kahlenberg with A^-soln. of sodium and jTotassium hydroxidt's. The aid ion of 
soln. of various fti k fti l sftlts has been studied If Mouraour found a soln of sodium 
carlmnate is likewise attacked by magnesium. AiM-ording to M Ballo and G. Giorgw, 
aip soln. of the alkali hydrocarl)onatA*s dissolve the metal with the evolution of 
hydrogen. According to S. Kern, when a soln, of sodium chloride is tn*at 4 *d with 


magnesium, sodium hydroxide is formed with the slow development of hydrogen. 
D. Tommasi, however, statics that in the caw* of }>otassiuin chloride soln. the action 
18 catalytic, for the potassium chloride nMnams unchatigiHl. and magnesium hydroxide 
is formed. As indicated above, W. Hughes fonml that the rate of evolution of 
hydrogen depends on the cone, of the siiln., and there is a maximum with a soln. 
containing 32 mols of water {X'r mol of sixiiiim chloride ; and the existence of thii 
maximum is taken to correspond with a s|M‘rific effect of the soluU' on the solvent. 
D. Tommasi and H. Mouraour also nqiorted that aq. soln. of ialtl oH the 
earths are feebly attacked by magnesium w'lth the evolution of hydrogen. 1). Tom- 
masi found that with soln. of tiie alkali « hlondes of potassium, sodium, and lithium 
—magnesium furnishes hydrogen mon* 
rapidly than with water, and magnesium 
hydroxide is formed. H. Mouraour found 
soln. of sodium carbonate, aeetat-e, and 
tetraborate react vigorously with mag 
nesium, but soln. of sodium phosphate, 
nitrate, and thiosulphate, and potassium 
ferrocyanide react feebly. C. F. Robi!rta 
and L. Brown found that the hydrogen 
eq. of magnesium can be obtained with 
soln. of s^um, potassium, magnesium, 
barium, strontium, and calcium chlorides, 
but only very slowly with magnesium, 
and probably also potassium and sodium 
sulphates. The action is in general 
more rapid with the chlorides than with the sulphates ; and the rate is 
dependent on the cone, of the soln., although no proportionality was observed. 
Fig. 6 illostimtes the vol. increment of hydn^n per hour, with soln. conUming 
VOL. IV. T 
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per litre of the saltfl named— temp. 18®-19®. The maximum velocitv i, 
more quickly attained with the more cone, soln., but the reaction is completed h 
about the same time. With equi-mol. soln. of the chlorides the rapidity of the 
reaction is completed in about the order : magnesium (fastest), barium, strontium 
calcium, sodium, and potassium (slowest). H. Mouraour found that sob. of pot^, 
sium sodium tartrate (Seignette’s salt) and sodium nitrite are slowly attacked by 
magnesium, while a soln. of sodium acetete is rapidly attacked. ^ 

D. Toramasi obtained cuprous chloride, cupric oxychloride, and hydrogen, but 
no copper, by the action of magnesium on soln. of cupric chloride, and K. Seubert 
and A. Schmidt found neutral soln. of cupric chloride gave a large proportion of 
cuprous oxide ; ammoniacal soln. gave cuprous oxide and copper ; and acidic 
soln, gave only copper ; D. Tomraasi obtained cuprous hydroxide, copper, basic 
copper sulphate, magnesium sulphate, and hydrogen as a result of the action of 
magnesium on a soln. of CUpric sulphate ! D. Vitaii obtained copper, a blue basic 
copper salt, and hydrogen when magnesium acts on a soln. of a copper salt — vide 
the metallic precipitation of copper. The precipitation, according to E. 6. Bryant, 
is never quantitative. According to D. Tommasi, when a soln. of auric chloride is 
treated with nmgnesiuin, gold, magnesium hydroxide and chloride, and hydrogen 
are formed ; K, Seiibert found auric chloride, and silver chloride in the presence 
of water are reduc(?d to the metal. F. J. Eaktor obtained analogous results with 
salts ol silver and gold, and D. Vitaii, and A. Vidiers and F. Borg stated the metals 
are quantitatively precipitated by magnesium from these salts. 

F. J. Faktor found that when boryllium salts are treated with magnesium, the 
corre.spomhng hydroxide is formed. Magnesium liberates hydrogen from soln. of 
magnesium salts. D. Tommasi studied the reaction with magnesium chloride ; 
G. bunoine with aq, soln. of magnesium nitrate, chloride, sulphate, and acetate, 
when basic salts are jjrecipitated, and the amount of hydrogen evolved is nearly 
proportional to the amount of magnesium dissolved. H. Mouraour, G. Platner, and 
0. F. Roberts and L. Brown, C. Kippenberger, etc., have also studied the reaction. 
L. Kalilenberg found that soln. of magnesium nitrate when treated with magnesium 
yield nitrite and linally ammonia, which accounts for the small amount of hydrogen 
liberated by this salt as compared with other salts of magnesium. From soln. of 
magnesium acetate and iodide, magnesium also evolves hydrogen rapidly. A 
magnesium sulphate soln. wa.s treated with a large excess of finely divided magne- 
sium, but im reduction of the salt to sulphite took place. He also studied soln. of 
magnesium chloride in glycerol, and in alcohol. S. K(;rn obtained zino hydroxide 
by treating soln. of zinc salts with magnesium. K. Seubert and A. Schmidt found 
that a soln. of zino chloride or cadmium chloride, with magnesium, gives the metal 
and hydroxide with neutral and ammoniacal soln. ; and the metal with acid soln. ; 
while 1). Tommasi found that a soln. of cadmium chloride furnishes cadmium, 
cadmium oxychloride, hydrogen, and magnesium chloride ; F. J. Faktor also found 
lino and cadmium salts give the corresponding hydroxides. With a soln. of zinc 
sulphate, D. Tommasi obtained zinc hydroxide, zinc, basic zino sulphate, magnesium 
sulphate and hydrogen. According to H. N. Warren, zinc is precipitated by magne- 
sjuid from soln. in acetic acid. According to D. Tommasi, marcuric ob lor idft 
furnishes mercurous chloride, mercuric oxide, magnesium chloride and hydrogen. 
D. Vitaii found hydrogen, mercuric and mercurous oxides, and mercuric oxy- 
chloride ^Vere formed with mercuric chloride soln. K. Seubert and A. Schmidt 
obtained with neutral and acid soln. of mercuric chloride, first mercuric chloride, 
and later, with neutral soln., mercury. 8. Kern obtained with mercuric chloride 
a grey precipitate which rapidly reddened when heated. D. Vitaii found that 
magnesium rcacta with soln. of mercuric cyenide, forming hydrogen, mercury, 
hydrocyanic acid, and magnesium cyanide. 

According to H. Mouraour, soln. of sodium bonte (borax) and of alum are 
attacked by magnesium. According to S. Kern, aluminium s^ts are but slowly 
affected by magnesium. K. Seubert and A. Schmidt found that a neutral soln. of 
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,,dr«xide from soln. of aluminium sair T ,! Fakto ! " ? 
thaUium suti furnish thallium, and a soln. of thailiumat.ntiv.sT 111 f T 

D that when a soln, of le«] chloride is tmated ^l 'n l^' 

,..0,1, lead oxychloride magnesium oxychlomi,., and hvdropm are fori T^S k‘™ 

ound that pulve^ent is rapidly preripitated fr,',,,, an „q. s,dn of 1 .«,1 ndra^ 
l,y magnesium ; K. ^ubert and A, Schmidt found il,«, aoln, ,d l..ad eld, rid 
Kive a precpitete of lead, whde a neutral s,.ln of stannic chloride gives stoil 
hydroxide, and an acid soln., metallic tin V. J. Faktor found soln of slaS 
and staimio salts give the corresponding hydroxide.s, stannous 

D. Vit^i found that when soln of aisenites are tn.ated with niagnosmin. ars,.me, 
arsine, and hydrogen are produced ; and with arsenates, a precipiiaie of magnesium 
arsiMiatc i.s formed. F. J. Faktor found soln of antimony salts give Wack lloeeiilent 
antimony, stibine, and hydrogen. Similar reaftlt^a wen* ol>t.aiin‘d by K. St'uln'rt 
and A. Schmidt with soln. of arsenious and antimonmus ehloridfs ; and aeid soln 
of bismuth chloride gave bismuth. 

According to H. Mouraour, a soln. of chrome alum is uttdiekt'd by magnesium. 
A soln. of chromic chloride was found by 1). Tommasi U) form ehromie hydrtixide, 
magneaium chloride and hydrogon, \shile K. Stmhert and A. Sehnmlt’ obtained 
t'hromic hydroxide with neutral soln. of eliromio ehloridf*. ami no deeomposition 
with acid soln. According to F. J. Faktor. a soln of potassium dichromate is 
converted magnesium to the. chromate, while S Kern stated that a sohi of jiotas* 
siuiu dichromate slowly forms magnesium chromate and jiotassium hydroxide. 
According to D. Tomma.si, a soln. of manganese sulphate furnisln's nianganeae 
hydroxide, magnesium 8ul[)}iat4‘, and hvdrogfii K. SeulHTt and A. Sf'hmidt found 
that a neutral soln. of manganese chloride givf>s manganous hydroxiile, and no 
change occurs with an acid soln. S. Kern found manganous salts give brown 
manganosic oxide when treated with magm‘sium. Ar(;or<ling to II. N. Warnm, 
manganese is precipitab'd from acetify acid soln, by magnesium. 

According to D. Vitali, a soln, of ferric salt givf‘8 hy<lrogeri, ff'rrosoferric oxide 
and metallic iron ; a soln. of a cobalt salt first gives a blue basic salt, and then 
black metallic cobalt ; and a soln. of a nickel salt is slowly iv)loun*d green owing to 
the formation of nickfd hydroxide Acf ording to 1). Tommasi, a soln. of ferrous 
sulphate forms magnesium sulphate, hydrogen, and ferrous hydroxide when treat^ni 
with magnesium ; and a soln. of ferri(t chloride gives, without reduction, ferric 
hydroxide, ferric oxychloride, magnesium chloride, and hydrogen ; he also found 
ex)baltous chloride soln. give <(>haltous hydroxide, magnesium chloride, and 
hydrogen. The action of magnesium on soln. of ferric 8ul]>hate has been studied 
by S. Sugden. S. Kern obtained h'rric Indroxide from a soln. of ferric chloride. 
According to K. Scubert and A. hmidt, neutral soln. of ferric chloride, cobalt^FUs 
chloride, or nickelous chloriile give the hydroxide, MfOIljg ; a similar result is 
obtained with cobaltous and niekelous chl(»rides in the presenc/c of ammonia ; and 
acid soln. of ferric and cobaltous chlorides give the metal, but acid soln. of im^ki'lous 
chloride remain unchanged. According to H. N. Wamm, iron, wjbalt, and nickfd 
are precipitated by magnesium from acetic acid soln. of the corresponding salts. 
F. ,T. Faktor, and H. Mouraour found soln. of potmtlim leiTicyaiuae are reduced 


to ferrocyanide. 

'K. Seubert and A. Schmidt, D. Vitali, F, J. Faktor, and A. Villiers and F. Borg 
found soln. of platmam tetrachloride give platinum quantitatively when treated 
with magnesium ; D. Tommasi reported the formation of magnesium hydroxide 
and hydrogen as well as platinum ; 8. Kern stated that hydw>gen, platinum, and 
platinum dioxide are formed when a soln. of platinum tetrachloride is treated with 
magnesium ; and with a soln. of a palladinm ltlt» hydrogen, palladium monoxide, 
palladium, and palladium hydroxide are formed. A. W. Kjupp showed that if 
magnesium powder be added to ten times its weight of water, and then to this 
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mixture is added such an amount of pi^Iadioua cUorido as oontains f^th part of 
the weight of magnesium, a brisk evolution of hydrogen occurs. 

As a rule, magnesium precipitates the metals neutral aq. wb. of the salts, 
in some cases hydroxides or basic salts are precipitated and there is a deveJopiuf*nt 
of hydrogen, particularly in the presence of ammonium salts. G. Platner, and 
E. Divers explain the evolution of hydrogen by assuming that the hydrolysis of 
the salt furnishes an acid which directly attacks the magnesium—oiide the action 
of magnesium on cupric salts in 3. 21, 3. L. Kahlenberg gave a sim^r eiplanatbn 
for salts of the heavy metals, while H. Mouraour attributed the evolution of hydrogt n 
to the Bocondary action of magnesium on water. A. CommaJUe, and B. If. Caven 
assume that a galvanic couple is formed by the metal precipitated on the magnesium, 
and this decomposes the water. 0. Lemoinc also attributed the action of magnesium 
on soln. of its own salts to hydrolysis, although, as L. Kahlenberg pointed out, the 
reaction of soln. of magnesium salts towards indicators may be perfectly neutral at 
the outset, but soon after the intrbduction of the magnesium, it becomes alkaline, 
and remains so. (kmsequently, he does not accept the free acid hypothesis with 
soln. of salts of the alkalies, alkaline earths, and magnesium ; but he rather assumes 
that the solvent water is bound to the solute in variable proportions and that if 
the chemical affinity between the magnesium and the soln. (regarded as a combina- 
tion of solute and solvent) is sufficient to overcome the cohesion of the magnesium, 
the latter is attacked, hydrogen is evolved, and the other products may remain in 
soln. or be further decomposed into a hydroxide or basic salt. If no precipitate 
forms, the ifjieed of the reaction is not diminished by a decrease in the surface of the 
magnesium. 

ReactioiU ot analytical interest. — Magnesium salts are colourless ; they do 
not give any distinctive Hame reaction ; but they have a characteristic influence 
on the absorption spectrum of puq)urin, hsematoxylin, etc.® Soln. of magnesium 
salts do not give a preiupitate with hydrochloric acid, nor with hydrogen sulphide. 
Neither ammonium sulphide nor ammonium hydrosulphide gives a precipitate 
with soln. of magnesium salts ; but if the ammonium sulphide contains free ammonia, 
a precipitate mav bti fonned. Aq. ammonia produces a precipitate of magnesium 
hydroxide' provided ammonium salts be absent ; about half the magnesium will be 
so ()re(npitated, and the other half forms a soluble double salt, (NH 4 ) 2 MgCl 4 . 
According to F. Jackson,* the sensitiveness of the test with aq. ammonia in the 
absence of ammonium salts is 1 : 32000. P. Harting gave a sensitiveness of 1 : 4000. 
Aq. ammonia in the presence of ammonium salts gives no precipitate because of the 
formation of this double salt. Several other salts of the bivalent metals behave 
similarly- salts of zinc, manganese, iron, cobalt, and nickel; the tervalent. 
metals do not form thest^ ammonium salts. In the absence of other ammonium 
salts, ammonium carbonate pn'oipitates a basic carbonate, say, Mg 4 (COs)s(OH) 2 , 
but usually only after boiling or long standing ; the composition of the precipitate, 
however, depends on the temp, and cone, of the soln. ; the carbonates of the 
alkalies behave similarly. According to F. Jackson, the sensitiveness of the test 
with ammonium carbonate is 1 : 200 ; and with sodium carbonate, 1 ; 4000. 
Maffnesium salte give no precipitate with barium carbonate at ordinary temp., but 
with long-continued boiling, m^eaium is completely precipitated soln. of 
the sulphate, and nartially precipitated from a soln. oi the chloride or nitrate. A 
soln. ot barium hydioiide likewise precipitates magnesium almost quantitatively al 
hydroxide, provided ammonium salts bo absent ; the hydroxides of the alkalies and 
alkaline earths behave similarly. No precipitation occurs with soln. of hydrochUvo- 
platinic acid, with lodium oobaBio nitrite, with hydrofluoeilioic add, with potaa- 
linm obiomate, or with sulphuric add. An alkali phosphate or ammmimm pboi. 
phate is a characteristic reagent for magnesium ; it produces in solo, containing 
ammonium chloride, and even free ammonium hydroxide, a white crystalline 
precipitate of ammonium magnesium phosphate, Mg(NH) 4 )P 04 ; very oil. soln. 
give a precipitate only after long standing. When the precipitate is calcined, it 
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«•“">'''''>•■*> of the t«it with diixidiuiu 

1 liospheto 1 .200000. The alkab UsenatM b.-httve like the phoephetee »ml oive e 
|,r.cipiUte of anunomum magnesium arsenate, .Mg(NlI<).\sO,.(>ll,.t). wl.wh on 
,e,„tion fo^ ^eaium pj-roarscnate, Mgo.'U.O,, U the eoln. of magis.smm’salt 
I,,, sufficiently dU., Md a large proportion of amiiioimim ehlorule !»■ pn'seiit no pie- 
( Imitation occurs with ammomum oxalate. A eoln. of an aik%i< acetate ^ivoi m» 
precipitate with magnesium salte. With potassium ferrocyanide, a eold dil. s«ln. 
<)[ magnesium salts gives a white iTyntalliue jirecipitatv of potdisauuu inagnesiuiu 
fiTFocyanide after standing some time ; cone, soln give a ]>rceipitatc immediately ; 
if ammonium salts are present the triple salt ammonium jkotassium magnesimn 
ferrocyamde is formed. According to F 15. Schlagdt'iihaulIen.J” the pn*»euce of 

002 per cent, of magnesium sulphate or chloride can W debited in salts of the 
alkalmc earths by a soln. of so much iodine in a 2 ])er cent. solo, of sodium or 
jiotassium hydroxide that tin? lifjuid has a golden-yellow colour. A n‘d c^dorstion 
or a brownish-red precipitate is formed, which, according to T. Ibdtic, has no 
definite composition, and is probably a mixture of iodine with magnesium hvdmxide. 
Lithium salte do not give the reaction. According to L. (Jnmbcrt, the original soln. 
IS unstable, and not so sensitive as th«‘ soln made by adding a f(*w c.c of a 10 |>er 
cent. soln. of potassium iodide to the iujuid under examination, and th('n adding 


one or two drops of a soln. of sodium hypochlorite (fau de Jaind). J. Ihdlier n‘w>ni- 
mends using a one jier cent. soln. of poOkssium iodide sat. with iodine ; followed by 
a soln. of sodium hydroxide. According to L. (irimbert, the n actioii is not so 
sensitive as the ammonium phosphate t4‘st, and the sf'nsitivencHs m 1 : 2ixX>, while, 


ac cording to J. Bellier, it is 1 : 2(XK)(J. 

The lUomic weight ot magnesium. -Tho h\ drogen eep of magnesium is about 12. 
J. J. Berzelius assigned the formula MgO to the oxide. Tlierc was some discus- 
sion as to whether the formula was Mg^O, MgO, MgOa, or Mg^tlj. with the corre- 
sjionding at, wt, of the order of 12, 24. IH, or 36 rt'spectivdy. The formula MgO 
was finally adopted because the eorrcspuiiding at. wt. of inagn^siuni is m harmony 
with J. H. van’t Hoff's extension of Avogaxlro s rule ; witli Dulong and Fetit’i 
rule ; with Mitscherlich’s iw)morj)hism rule ; and with its |K>Hition Is-twcrn zinc and 
beryllium in MendelwfT’s periodic table. T Thomson discussed the at. wt. of 


magnesium in 1821. 

The ralio : /f«*S04. -J. .1. Berzelius miwle the first at. wt. determination 

of magnesium in 1812, hy weighing the SOg, in a given cjuantity of magnesium 
sulphate, as barium sulphate, and from the ratio Mg8f)4 : BaH04 he computtMl an 
at. wt. 25-24, when oxygen 16 is Uken as unit. J. L. Oay Lussac likewhu^ um*d thia 
method in 1819, and obtained 23-62 ; T. Schee«‘r, in 1846, 24 16, and in 1847, 
24'20 ; V. A, Jacquelain, in 1851, 24 43 ; and A. Macdonnell, in 1852, 24’30. 

The ratio MgO : MgSO^.—h J. B< rzeliu8 synthesized tlie sulphate, and from the 
ratio MgO : MgS04, obtained the at. wt. 24 20 ; and in 1820, 25*28 ; V. A. Jacquelain, 
m 1851, obtained 24 44; L. SvanlH'rg and 0. Nordenfcldt, in 1848, 24-71; 
J. F. Bahr, in 1852, 24*77 ; and J. C. G. de Marignac, in 1883, 24*372. 

The ratio MgSO^ : MgO.—\. A. Jac quelain, in 1851, calcined magnesium sul^ts 
at a high temp, so as to convert it into the oxide, and from the ratio MgS04 : MgO, 
he computed an at. wt. 24'44 ; and J. C. G, dc Marignac, in 1883, obtained 24 363. 
A. Macdonnell, in 1852, det«*rmined the ratio MgS04.7H20 : MgO from which he 


calculated the at. wt. 24*30. . i 

The ratio MgC^O^M ^ : MgO, or J/yf Y/j : MgO.- L. Svanberg and 0. Norden- 
fcldt determined the ratio MgC, 04.211*0 : MgO, by calcining the oxalate, and 
hence computed the at. wt, 24 72. R. F. Man-'hand and T. Scheerer, in 1850, like- 
wise calcined the carbonate, and from the ratio MgCOj : BIgO, calculated the at. wt. 
24*04 ; and, in 1858, T. Scheerer obtained the value 24*01. 

The ratio MgClf : Ug, or MgClt : 2AgCi—ln 1859, J. B. A. Dumaa detenmned 
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the chlorine in a soln. of magnesium chloride by titration with a standard soln. of 
silver nitrate, and from the ratio MgCl 2 : 2Ag computed the at. wt. 24’63 ; and 
T. W. Richards and H. G. Par|cer, in 1896, 24*362. The last-named also converted 
the chlorine of the magnesium chloride into silver chloride, and from the ratio 
MgCl 2 ; 2AgCl, computed the at. wt. 24*373. 

The ratio Mg:MgO.—Vf. M. and L. D. Vorce, in 1890, converted 

magnesium, distilled in vacuo, into the nitrate, and then calcined the nitrate to 
convert it into the oxide ; from the ratio so obtained, they computed the at. wt, 
24*29, T. W, Richards and E. F. Rogers showed that important errors are likely 
to accrue owing to the occlusion of gases by magnesium oxide obtained by the 
ignition ol aalte, etc. 

F. W. Clarke's calculations averaged 24*398, and B. Brauner’s 24*36. The 
best representative value for the at. wt. of magnesium, according to the International 
Table, 1922, is 24*32. The atomic number is 12. A. J. Dempster claimed to have 
resolved magnesium vapour into isotopes of at. wt. respectively 24, 25, and 26, and 
in the proportions 6 ; 1 ; 1 . 
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§ 6. MignMiam Ondes and Hydroxide 

In 1866, £. Beetz ^ prepared what he regarded aa magneeiam suboxide lu a 
bJaok depoait on the fK)8itive pole during the electrolysis of a soln. of magnesium 
aulphate or sodium chloride with magnesium electrodes— hydrogen is given off at 
botn electrodes. If the current is arrested, the black substance forms white decks 
in the electrolyte. According to G. Bobarovsky, the best yield is obtained by work- 
ing with a high current density, at a low temj)., and for a short period with soln. 
of sodiufn or potassium chloride, or magnesium chloride or sulphaU*, and particularly 
with an alcoholic sob. of potassium acetate — the black product is not obtained witn 
alkali hydroxides or ammonium salt sob. F. C. Frary and H. C. Berman obtained 
the sulwxide by ele(;trolyziog magnesium and potassium chlorides in a graphite 
crucible. They added that it is not formed when oxygen is completely excluded 
from the electrolyte, by melting the mixture in a stream of hydrogen chloride, and 
continuing the passage of the gas during electrolysis. The addition of a little 
magnesium oxide to the electrolyte results in the formation of the suboxide. / 

0. Gore jound that if magnesium in contact with platinum be dipped in a ^b. 
of glacial acetic acid in absolub alcohol, the black dc'posit appears in a few hours, 
and grows thicker for a few days. The product is formed more slowly if magnesium 
in contact with platinum, j)alladium, iron, gold, or silver, be dij)p<‘d in water b 
the presence of carbon dioxide, coal gas, earbon tetrachloride, or ethylene tetra- 
chloride, but not with carbon disulphide. The black product is indeed formed if 
the foreign metal is not employed. S. Kappel obtained a black substance by 
passing a stream of air over magnesium in contact with ammonia. A. K. ('liristo- 
manos also obtained a black deposit when a cold substance was introduced into the 
flame of burning magnesium. 

The black dejmsit, said 0. Bobarovsky, appears to be homogeneous under the 
microscope ; and his analyses range from Mgg 05 to G. Gore’s product 

became white when heated. K. Beetz found that the suboxide decomposes water 
with the evolution of hydrogen, and the formation of a whib precipitate — possibly 
nugnesium hydroxide. According to F. C. Frary and H. C. Berman, the hydrogen 
is contaminated with 5 per cent, of nitrogen. K. Beetz found the black substance 
dissolves in acids with the evolution of hydrogen and the formation of a salt of 
ordinary bivalent magnesium. With aq. sob. of magnesium sulphate it forms 
basic magnesium sulphate, and it is soluble b aq. ammonium chloride. According 
^to F. C. Frary and H. C. Berman, the black substance is without action on a sob. 
of anhydrous nickel chloride in absolute alcohol, whilst metallic magnesium rapidly 
pre<^itatc*8 nickel. 

Migneiiiim oxide, MgO.— This oxide has also been called magnesia, calcined 
nhgnesia, burnt magnesite, Talkerde, Bittererde, magnesia usta, magnesia calciruUa, 
magnisie, etc. It was discovered by A. Scacchi * at Monte Somma, Vesuvius, as a 
mineral, contaniinab'd with more or less ferrous oxide, and called periclase—vfpl, 
about ; KAaVit, fraeturo^— in allusion to the cleavage. The nuneral has also been 
found at Teul^a (Sardinia), Leon (Spam), Predazzo (Tyrol), Nordmarken (Norway) 
and Langban (Sweden), Pulpit Rock (Tasmania), etc. Analyses have been re- 
ported by A. Damour, H, St. C. Deville, E, Heydecke, and others. 

Magnesium oxide is a product of the oxidation of the metal. The oxide is also 
produ<^ in the amorphous or crystalline form by the calcination of many of the 
salts of magnesium— e.jf. the cari^nate, sulphate, nitrate, etc. It is also made com* 
mercially for the manufacture of nu^nesia bricks by the calcination of magneaite 
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C. Heuuerling Md J. Shmidt, and by the Salibergwerk Non Slassfurt ; K. Konther 
nmde magnet by heatmg — .urn chloride with calcium chloride «he« hvd«.ge« 
chloride ib formed, and the magnesium salt is transformed into tlu' oxide, th« 
remaining calcium chloride can be removed by leaching with waWr. H. V. IWU 
convei^ the chloride into oxide by heating it with steam at about W -tW, and 
removing any chlorine compounds by washing. 

The ert^tion of magnesia from uea-water has bt^n dimniustHl by i^ hlOsing. Pro. 
jjewee for the recovery of magnesia from magmwum cliloride aohi..' kainito or camallite 
lye, eto. haw b^ patented by M. Scblit»jihacko and H. Hiwnann, anti llanidohr. Hlutium* 
thal m Co., AlkaJiwerko Weateregoln, A. FoJdraann. ji. UttHtmlhal. H, Homi, M. von Malttan, 
^ Ki^pler, A. Vogt, etc. A. Humpler devdstnl a pnx'iws for the retiovery of niagnoaia 
from beet sugar residues ; and C. J. Johanaon, frt>m miuvral water nwidues K. W. von 
Diemens ana J. Q. Halske (latented a prt>ce«i» for the recovery of magtuMia from ferruginous 
magnesian minerals and silicates by calcination in a atriMun of sulphur dioxide aud air, 
whereby the magnesium alone fonna soluble sulidiale. H. Holland, (1. ami 

E. Pnwoznik have discussed the cxtrac-tion of magnesia fixun seqHuitine rocks. 


G. d Adelsward patented a process for fAc sffHinUton of imujnejtM from ditUmUt 
involving the win. of the carbonate in hydrochloric acid, and its 8ub8t‘queut 
precipitation with calcium hydroxide. J. B. M. P. Closson treaU'd dolomite with 
an aq. soln, of magnesium chloride : CaCljj + Algn 2 -|-CaO.Mg()-s 2 (’a(;i 2 i ‘2MgO. 
A small quantity of sugar or luolaasi's greatly acwlerstes the decompoHition, A 
compound of sugar and lime is jiroduoed, from which, by the action of iiiagncHiuui 
chloride, calcium chloride, magnesia, and sugar are formed. The last again acts 
on more of the calcined dolomite, with the formation of the soluble sugar-lime, 
and so on. From the liquid finally obtained the sugar w removed as the inwdubU 
tribasic sugar-lime compound by hi^ating. C. BiTnard and L. fihnnann, and 
C, Scheibler proposed to extract lime from calcined dolomite by means of a soln. 
of sugar. The solubility of lime in this menstruum is high, and of magnesia, low. 
0, Henry slaked the calcined dolomite with water, and treated it with Imlf the 
amount of pyroligneous acid or hydrochloric acid necessary to dissolve the whole. 
The lime was thus removed by “ elective afiinity,” and the washed residue con- 
sisted of magnesia. T. Twynani also digest'd raw dolomiU^ with pyroligneous acid, 
and found that the magnesia is first taken up, and then precipitated ; the calcium 
acetate soln. was decanted off. R. T. Stull found that by treating calcined dolomite 
with just sufficient sulphuric SA-id to combine with the contained lime, the magnesia 
content could be rais^ from 42 to 75 per cent. R. D. Pike said that the lime ia 
reduced by agitating the calcined mineral in a closed vessel at 3(J0^"600'^ in presenca 
of a gas containing carbon dioxide and water va|>our, and afterwards leaching with 
water. 

According to G. Lemoine, by digesting dolomite with water charged with carbon 
dioxide, the magncaium carbonate dissolves more rapidly than the caloii^m 
carbonate. When the soln. is heated, the magnesium carbonate is precipitate, 
and the carbon dioxide which is evolved can be used over again ; G. Moreu^e also 
found that when calcined dolomite is powdered and suspended in water at 10**, 
through which carbon dioxide, at 5-6 atm. press., is passed, only the magnesium 
oxide is dissolved. The extraction of magnesite from dolomite by the fractional 
■oin. with carbonic acid has been also investigated by F. Findeisen, and H. L. Pattin- 
son. C. Kippenberger based a technical process for the decalcification of dolomite, 
and the pi^eparationof magneaium carbonate from magnesite, bitter spar, and from 
kainite or camallite liquors, upon the fact that alkali hydrocarbonate lolm do not 
cUssolve ferric hydroxide or calcium carbonate. The mineral is powdered, dissolved 
ULOommercial hydrochloric acid, and the iron oxidised by warming gently with a 
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'little nitric acid. The eoln. is then precipitated with sodium carbonate in alight 
excess, the filtered precipitate shaken with a sufficiently strong soln. of alkali 
bicarbonate, and the soln. filtered after the lapse of 20 minutes, and set 
aside to crystallize. The mother liquor can be used again and again for the 
extraction. 

A cheap process for the decalcification of dolomite would make the large deposits 
of dolomik* available for the manufacture of magnesia firebricks. Processes in- 
volving the use of chemicals would probably make the cost rather too high for the 
recovered magnesia to compete with imported magnesite. Physical methods of 
separation basi'd on (i) the difference in the sp. gr. of the lime hnd magnesia when 
calcined at a high temp. ; and (ii) the greater inertness of magnesia when the calcined 
mass is treated with water, do not give a good separation, although F. Findeisen 
recommended such a proce.ss in 1860, and H. Auzies and A. S<‘goffin have patented 
a nroi'.ess for the d(‘calcification of dolomite by slaking and levigating calcined 
dolomite in a wries of tanks. Tho magnesium hydroxide being lighter than the 
calcium hydroxide is carried further by the waiter. They said that the deposit in 
the tank is nearly pure magnesium hydroxide. The method was examined by 
J. W. Mellor. L. if. DiLschak found the best cahunation turnip, is 900‘’-950'’, and the 
water ujs'd for leaching should be free from carbon dioxide. If the dolomite has been 
calcined at a higher t<*mp., and especially if “ dead burnt,” the extraction is very 
incomplete, and is not improved by fine grinding owing to the formation of an in- 
soluble compound. U. T, Stull treated cahdned dolomite with running water, and 
raised the magnesia (U)ntent from 42 to 65 per cent. ; boiling the calcined dolomite 
with wahir, and running off the magnesium hydroxide, by llotation raised the 
magnesia content from 12 to 65-75 per cent. H. (}. Schurecht and 1). Eyoub, and 

T. Himoii also made some observations on this subject. W. Ksch said that calcium 
oxide is leached from hot calcined dolomite by a soln. of calcium chloride ; and 

U. A. W. Black, by a soln. of carbon dioxide in wat^*r made alkaline with calcium 
hydrocarbonate. 

J. J. Ebelmen obtained crystals of periclase by melting together lime and 
magnesium borate in a porcelain oven ; A. Daubree, by decomposing magnesium 
chloride by lime at a red heat ; .1. B. A. Dumas, by melting magnesium chloride ; 
If, Di^bray, by melting a mixture of magnesium and jmlassium sulphates ; 
H. St. C. lleville, by acting on n‘d-hot magnesia with a slow curri'iit of hydrogen 
chloride; A. (ossa, by strongly heating a mixture of magnesium sulphate and 
sodium chloride ; F. Fompie and A. Michel-ficvy, by acting on red-hot magnesium 
chloride with steam ; T. lliortdahl, by melting magnesium chloride with silica and 
zirc^onia ; A de Schulten, by slowly cooling a molt«*n mixture of potassium hydroxide, 
and magnesia; A. le Boyer, A. Brim, and M. Collet, E. Sommerfeldt, F. Heussler, 
and H. Moiiwan, by heating magnesite in an electric arc furnace ; M. Houdard, by 
heating a mixture of magnesia with five times its w’eight of magnesium sulphide in 
a carbon erueihlo in an electric arc furnace ; and G. Briigelmann, by calcining 
the nitrate or hydroxide, not the carbonate, in a covered platinum crucible. 
J. Meunier prepared crystals by dissolving magnesia in hydrochloric acid, and after 
evaporating the soln. heating it until hydrogen chloride ceases to be evolved. When 
the product is heated to redness, the trace of hydrogen chloride w'hich remains acts 
as a mineralizer, and ” brilliant octahedrons and tetrahedrons of periclase deposit 
on the walls of the crucible and cover.” R. Gtto and J. H. Kloos found crystals of 
mriclose in a kiln lined with magnesia blocks, and used for preparing chlorine 
from magnesiurii chloride. Periclase is also found in magnesia bricks which have 
been used as linings in high temp, furnaces. 

H. Struve * found inagtmia contained traces of ammonium nitrate, but no 
peroxide ; and H. Rose found that the product obtained from magnesia alba con- 
taining chlorine, still retained chlorine. In general magnesia prepared by the 
calcination of magnesite w’ill retain the non-volatile impurities of the original. 
T. W. Richards and £. F. Rogers found that magnesium oxide prepared by calciua- 
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tion is far mote prone to ooolude gases during ignition than is the rase with lino, • 
copper, cadimum, or nickel oxide. The amount varied from O'S to 1 1) c.c, of gas 
per 10 ot magnesium oxide, and the gas CAmtained oxvgeii, nitrogen, and 
carbon ^oxide~m one cast* respectively in the proportions 38-9, Tid'O, and 2 3 per 
cent. A<^rding to J. Meunier, magnesia may be frt‘ed from calcium h)’ igniting 
at a red heat and subsequently, after cooling, extracting with successive portions 
of a 10 per cent. soln. of sucrose, until the last extract dtn's not give a turbidity 
with an^omum oxalate. The residue is then washed and dried. If further 
purification is desired, this material is dissolved in hydrochloric acid and the soln. 
evaporated to dryness. The residue is gradually heat^ed to in a cov«*red 

crucible, and magnesia is obtained in its crystalline form as periclaso on the lid 
and sides of the crucible and on the surface of the aiiu)r})huus magnesia in the 
crucible. 

V. Kohlschiitter and J, L, Tiiseher^ prepared colloidtl magnosium oxide dis- 
jiersed in a gaseous medium by making the metal one elf'ctrode of an electric arc, and 
oxidizing the vapour. 

The physidU properties of magnesium oxide. V. Kohlsohutter and 
J. L. Tiischer ® obtained highly disjiersed magnesia, witlmut a solvent, by volatilizing 
the metal in an electric arc, and suddenly cooling tlic vapour by a current of air. 
The precipitation of the fume was elb'eted by a high-tension electric fiehl. The 
crsnstals of magnesium oxide, and periehise, lM‘long to the cubic sysU'in. F. Itiimo 
believes that there is a hexagonal modiiication of magnesium oxuh*. According to 
W, P, Davey and E, 0. Hoffman, E .Schiebold, W. Cierlach and (k Paiiji, A. W. Hull, 
H. W. G. Wyckof! and J. A. Hedvall, X-radiograms of crystals of magnejiia exhibit 
a simple cubic lattice of the sodium chloride type with sides 4 22U 1 0 02 A, 
W. L. Bragg gives for the distance between the neighbouring atom cent res os 2T1 A. 
J, A. Hedvall examined the X-ray sjicctra of magnesia prepared in dillerent ways, 
and found no change, in the structure to be produced by heating. Acc»mling to 
A. Scacchi, the specific gravity of the mineral (natural crystals) is 3 75 ; A. Daniour 
gave 3 674 ; A. Cossa, 3'642 at 12“^ ; H. M. Goodwin and K. D. Mailey, 3 074 (20^") ; 
and A. Sjogren, 3'90. For the artificial crystjils, J. J. Kbelimm gave 3 630 ; 
A. de Sohulten, ^3‘500 ; E. Mallard, 3 r»0 ; K. Otto and J. H, Kloos, 3 ,555 to 
3'571 ; M, Houdard, 3'579 at O'" ; and E. Madelung and H. Fuchs, 3 400 -3'476 (0"). 
The 8p. gr. of the amorphous, white, voluminous powder was given by 0. J. B. Kar- 
sten as 3 2 ; by J. B. Kichter as 3 (,>7 ; by K. Kirwan as 2'3 ; and by G, Briigelmann 
as 3'42 ; H. Bockurts found the sp. gr. of jmgnesia usUi Icvia, obtained by calcining 
light magnesia alba, to be 2 74 ; that of magnesia usta, obtained by calcining heavy 
magnesium carbonate, to be 3 057 ; and that obtained from neutral magnesium 
carbonate, to be 3*09. The sji. gr. of amorphous magnesia depends upon the temp, 
of calcination, thus, A. Ditte found : 

aso’ (1 hr ) 440’ (1 hr.) e. m’ (1 hr.) e. ISiOO’ (12 hn.) 

Sp.gr. at 0* . . 3 1932 3'20U 3 2482 3 0099 

8p. gr. at 100" . . 3^971 3 1263 3 1909 3 01 31 

H. Rose showed that the sp. gr. of amorphous magnesia was raiwjd to 3 047 near 
that of the natural mineral after calcination io a j)om‘Iain oven— temp, near lOOO®. 
H. Moissan further found that when magnesia is heated for 2 hrs. in a blast, with 
retort carbon as fuel, the sp. gr. at 20 " was 3 577 ; when heated 2 hrs. in the electric 
arc, 3*587 ; and when heated in an electric crucible furnacii, 3*654. H. M. Goodwin 
and R. D. Mailey gave 3*493 for the sp. gr. of fused magnesia at 20“. In some cases 
— G. Briigelmann, and K. Arndt—the sp. gr. of amorphous magnesia is stated to 
be greater than that of the ciy^stalline or fus^ material -there is always a possibility 
that minute air blebs entangled in the fused material will sjioil the observations. 

J. W. Mellor suggested the possibility of estimating the proportion of a -magnesia 
(low sp. gr. form) and /S-magnesia (high sp. gr. form) in a given sample of burnt 
magnesite from the ob^rved sp. gr., and the foUowing data give an idea of the 
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rate of conversion from the presumably amorphous to the presumably crystalline 
variety. After a two hours' calcination between 1300® and 1350®, 

Number of calcinations .1 2 3 4 5 6 

gp.gr 3 16 3*32 3*46 3 54 3*69 3*60 

Per cent, converted . — 26 54 70 78 80 

V. Tadokoro found the sp. gr. of magnesia brick at different temp, to be 

20‘ 100 * 200* 400’ 600* SOO* 1000* 

8p.gr. . . 2-295 2 291 2-285 2-266 2 247 2-231 2*213 

The hardness of peridase is approximately 6 on Mohs’ scale ; the artificial crj’stals 
•prepared by II. CItto and J. H. Kloos had a hardness between that of felspar and of 
quartz ; and J. J, Ek-Ifnen’s crystals a hardness of 4. A. Reis and L. Zimraerroann 
have discussed this subject. E. Madelung and K. Fuchs gave 0’7(M)'80Xl0*"* 
megabars per sq. cm. foe the comprtssibili^ of artificial magnesia. 

According to L. B, Guyton dc Morveau,^ magnesia fuses with difiSculty in a fire 
fed with oxygen, and its surface has after cooling the appearance of a porcelain glaze. 
In 18(12, R. Hare fuwd magnesia in tlic oxyhydrogen blowpipe flame, and in 1819 
E. D. Clarke also found that inagne.sia is converted by the oxyhydrogen blowpipe 
flame into a kind of opacjue glass, which si^ralclies glass like the diamond. H. Davy 
also fused magnesia under the influence of a powerful voltaic current. H. Moissan 
fused magnesia in an electric arc furnace whose temp, was estimated to be 3000®. 
K. Arndt giv^is 2500® for the melting point of purified magnesia, and he .said that 
m^nesia cannot be melO'd in the oxyhydrogen flame unless it be contaminated 
with silica, iron oxide, etc. H. M. Goodwin and R. 1). Mailey found that fragments of 
pre-fused oxide did not fuse or sofkn below 1890" ; but above 1940'\ the grains always 
fused together, and it Wfos considered that 1910" may be taken as the approximate 
m,p. of the fused oxide - this kmp. appears rather low, indicating that the oxide was 
not of a high degree of purity. W. Henipl found Veitsch magnesite fused at 1825®- 
1830® ; and magnesia at 2250® ; A. lumpen found that fu.sed magnesia had a m.p. 
of 2(XX)® ; and a magnesia bri(;k with a high percentage of iron at 1900° had its 
edges rounded, and was quik fused at 2000®. W. Kanolt gave 2800® ± 13® for 
the m.p. of magnesia ; and 0. Ruff, 25(X)® ; and 0. Ruff and V. Schmidt, 28(H)® in 
an atm. of nitrogen. H. Caron stated that magnesium oxide cannot be fused in a 
wind furnace at a white heat, but in the oxy-coal-gaa flame, it melts, and partially 
volatilizes. E. Tiede and E. Birnhrauer could not melt magnesia, but said that 
volatilization begins at about 2000®. A. A. Rt'ad tlid not detect any change when 
magnesium oxide is heated to the m.p. of jflatinum. C. IX'spretz claimed that by 
the simultaneous action of a current from 185 Bunsen’s cells, the burning glass, and 
a hydrogen flanus he was able to volatilize magnesia ; and P. Lebeau has stated 
that magnesia boils vigorously when heated seven minutes by a current of 110 volts 
and 700 amps., and that the volatilization of the oxide is much faster in the presence 
of three or four times its weight of sugar charcoal— possibly owing to the inter- 
mediary formation of magnesium or magnesium carbide, for R. E. Slade has shown 
that magnesia can react with carbon at a temp, below the m.p. of the oxide. 

O. ' Buff and P. Schmidt measured the vapour prMSOre of magnesia. According 
to 0. Buff and 0. Ooecke, the sublimation temperature at one atm. press, is about 
2000®, and W. R. Mott estimated the boiling point to be 36(X)® ; 0. Ruff and 

P. Schmidt found 28(X)®-2850® in an atm. of an indifferent gas at 760 mm. E. Tiede. 
and £. Birnbrauer found that magnesia dissociates readily at 1900® in a vacuum 
furnace producing a deposit of magnesium. £. W. Washburn computed the latent 
heat (9t fusion to be 3(),0(X) cals, per mol, or 700 ( ± 15 cent.) cals, per gram. 

H. y. Kegnault found the spedfio heat of artificial magnesium oxide to be 
0*24394 between 24® and 100° ; and A. S. Russell found 0*1006 between —79*3® 
and -190*8®; 0*1933 between 0® and -79®; and 0*2385 between 1*4® and 48*6®, 
H. von Warteuberg and G. Witzel found the mol. ht. of magnesium oxide at 2780° 
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to be n-6 01^. Oteervations were also made by W. Steger, and K. Heya and 
, o-workem. V. Tadokoie found the mean sp. ht. of a magnesia briek (o Iw 

2l8 808* 382* 480* S7Q* iw?* aai* 

Sp. ht. • . 0*223 0 238 0 254 0-263 0 266 0*265 0-264 0 263 

It is not cloitr if the decrease at the more elevated temp, is due to errors of exjveriinent. 
Measurements of the sp. ht. at a low temp, wen' made by A, Magnus. H. M. G<K>d' 
win and R. D. Mailey found the linear coeffldent of tnernud of fused 

magnesia at ^between 121^ and 270°, to be a-^0 (KHK)U4O-Hl tHKUK.KK)92(0“*12O), 
a value not much greater than that for a quartz erystal cut parallel to its optical 
axis, and nearly equal to that of platinum. H. Fizeau found a ~0 tKXK>104«l for 
the coeff. of expansion of periclase, and for the incn^ast’ j)er degn*e rise of temi), 
da/dd=0 0000000267. J. W. Mellor found a ~t) (KKK)120 for magnesite* briciCB 
between 15° and 1350° ; II. J. Hoilsman and J. \V. Fobb obtained 0 UK)01274 for 
the coeff. of expansion of a magnesia brick between 15° and 1(K)0 . IV Bogitch 
measured the expansion of magnesia brieks. Tadokoro found the im'an c»M‘ff. of 
ex])arLBion of a magnesia brick to be 

WWl' 

Coeff. exp. . . 0 0*000 0 0*003 0 0*131 0 0*142 0 0*126 0 0*125 0 0*12ft 

R. S. Hutton and J. 11. Beard found that fused magnesia, powden'd U> pass a sieve 
with 600 meshes per sq. cm , had a thermal conductivity b<*twtHin 20° and KX)* 
jt=K)’00047 cal. j>er sq. cm. degree difference' of temp., per sec^ond ; against 
A:=:0’(KX)29 for lime ; and ifc=-0 0C)O28 for fin'brick. He also found f»r a magnesia 
firebrick O GOOW ; for calcined Greek magnesite, 0*00045 ; for cah‘ined Styrian 
magnesite, 0*(XX)34 ; and for lightly calcined magnesitfi, 0 00016. 8, Wologdine 
found 0*0065 and 0*0055 for two magnesite hricks with respectively 41 and 35*1 |)«r 
c^nt. porosity. B, Dudley obtaiuetl 00343 for the mean conductivity of a magnesia 
brick over the range from 445° to 8.'Xt . (’ Dougill, H. J. HcKlsman, and J , W. Cobb 
found the conductivity of a magnesite (irehrick fell from K 0017 at J180° to 
0*0132° at 7(X)° to O'tXKXXKiOl at 1370 V. Tadokoro found the thermal con* 
ductivity of a magnesia l)rick to be 

2<je' «(»(>' 4(K»' WK)’ 600’ 700' HOO’ *MiO* 

Conductivity x 10> . 6 f)7 6-47 4 W1 4-71 4-39 4 14 3 85 3 73 

The heat of formation of niagn<>sium oxide, acconling to .1, Thoms<*ii, is (Mg, 0), 
145*86 Cals. ; H, von WarO*nberg gave 143 9 Cals. According to the former, the 

heat of formation of magnesium liydroxuh* is (Mg, 0, H^O), 148*96 Cals., and 

(Mg, 02,H2), 217*32 Cals. ; M. Berthelot gave respectively 148*8 and 217*8 Cals,; 
and for (Mg0,H20), he gave 5 4 Cals. M. Ih*rtheiot alwj measured the heat of 
precipitation of magnesium hydroxide by adding a soln. of ammonia or sodium 
hydroxide to a soln. of a magnesium salt. J. Johnston gives for the free energy of 
the change hydroxide to oxide, 36<X) cals, at 25°. According to A. Ditt4^ the beiU 
of the S^ntion, in sulphuric acid, of magm*Hui calcined at diffen'nt temp, is very 
different : 

Temp, calcination . ShO' 440'* c 660' r 1200" 

A. dW . . .832 8 920 8 9647 1004 6 caU. ' 

J. C. Cl. de Marignac 674 876 867 cak. 

J. C. G. de Marignac examined what he called I'injluence prkendue of calcination 
on the heat of soln., and his data are indicated along with those of A. Ditto. 

E. Mallard ^ gave for the indoi of refnotkm of artificial crystals 1 *7307 for 
li-light, 1*7364 for Na-Ught, and 1 74133 for Tl-Iight; 8. Hommerfeldt, I 7298 
for red light, 1*7350 for Na-Ught, and 1’7460 for blue light ; A. Le Royer, A. Bran, 
and L. W. CoUet gave 1*700 for red light, and 1 717 for green light. According to 
D. Brewster, H. Caron, and C. M. T. du Motay and C. R. M. de Mar4chal, at a 
high temp, magnesia has a very high emissive power for light ; the Ught is not very 
different from that of burning magnesium. F. Henning and W. Heuse studied tba 
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reflecting jK>wer of magnesia. J. Drummond tried magnesia in place of lime for 
the lime-light, but found the intensity of its illumination to be less than half that 
of lime. H. K. Ives and co-workers studied the illuminating power and emissivity 
of mantles made of magnesia and heated by Bunsen’s flame. The results compare 
favourably with those of thoria. W. Crookes, and H. Jackson found magnesia 
has a marked reddish flooresoence in the cathode rays, and L. de Boisbaudran 
found the fluorescence is a bright red if the magnesia has about one per cent, of 
chromium. P. Bary found that magnesia does not phosphoresce when exposed 
either to the X-rays or to B^uerePs rays. £. L. Nichols and D. T. Wilber found 
that magnesium oxide, like calcium oxide, exhibits flatai6 loininasceiioe. 
B. L. Nichols studied the brightness of the luminescence, and found that when 
heaU'd to 1000" in the oxyhydrogen flame magnesia appears blue. W. W. Coblentz 
found a transparent region in tht> ultra-red transmissioil spectrum at 5/i, preceded 
and followed by almost complete ojmeity. The bands at 3 Sfi and 3'8/i are 
virtually the same as those of eakit^*. The ultra-red refection spectrum, like 
that of ealcite, has maxima at C op, and 6 8/i. E. L. Nichols found the colour 
temperature of incandescent magnesia is 5000", while the actual temp, is not 
over 2000". 

According to F. Beijerinck,® periclase is s non-conductor of electricity at 
ordinary Umip. H. M. Goodwin and R. D. Mailey found the specific elecMcal 
conductivity of small cylinders of fused magnesia at different temp, in mhos : 

700 * soe* mr looo* loso* iioo* ii 5 o* ]600’ 

8p. comluetAity X I0« . — O’Ol 010 0-20 0 34 1 00 2 60 86 0 


ihe results are plotted with those of porcelain in Fig. 7. Fused magnesia is thus 
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electrical conductivity (mhos) of magnesia is 


a much better insulator than porcelain 
at temp, below 1100°, and above 
that temp., its conductivity exceeds 
that of porcelain. A. A. Sommer- 
ville found that a column of the 
oxide 1 cm. diain. and 10 cma. long 
has an electrical resistance of 10^ 
ohms at 545°. According to F. Hor- 
ton, the effect of temp, on the 
electrical resistance (ohms) and the 


471" 030* 82S" 10&6“ 1101’ 1204* 1341* 

Ohma , 36x10* 8x10* 88000 12460 4900 12900 29x10* 

Mhoa . 3 69x10 » 101 xlQ-^ 1-46x10 • I 04xl0-» 2-63x10-* 1 00x10 * 4-46xl0-» 


The tdectrical conductivity of magnesium oxide thus increases rapidly with the 
temp. U[) to 121X) -1250° and then decreastis. If the temp, is kept constant above 
1200°, the conductivity also decreases with the time. The phenomenon is probably 
due to a change of the oxide into a less conducting form of greater density. There 
is evidence of a slight electrolysis during the passage of the current. F. Kohlrausch 
an^ F. Rose found the specific conductivity of a sat. soln. of magnesium hydroxide 
at 18° to be 83x10“® mhos; and F. Kohlrausch, 69xlO~® to 94xlO~® mhos. 

S. Glixclli measured the electro-OSmosis of magnesium oxide. 8. Meyer gives for 
the maitnetio susceptibility — 0 008xl0“® units per mol, or — 0 055xicr^ units 
per gim. E. Thomson has studied the orientation of fine particles of mag- 
nesium oxide in the magnetic field. 

The chemical properties of magnesium oxide.— As indicated above, 

T. W. Richards and E. F. Rogers found magnesium oxide prepared by the igni- 
tion of the nitrate or carbonate always contained occluded gas ; the gas mainly 
consisting of oxygen and nitrogen, with a smaller proportion of carbon dioxide. 
J. A. Hedvall and N. von Zweigbergh have studied the action of barium dioxide 
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„ii i^esia. AcMrdmg to H. Davy, magnesia ahsotU oUwIm at a led heat, 
and ioriM magn^um chlonde with the evolution ot oxvgen. V, H. Veley found 
that wWe dry hydioiw chloride has no action on nuignesia at ordinary temp., 
a reaction occurs at about 40°. A. J. Balatd stated that calcined magneria is not 
dtoomposed by In^ L Meyer ol«.rved that when magnesia iTheated in a 
strain ot carbon tetoachlotide, magnesium chloride, carlmn dioxide and monoxide, 
and carbonyl chloride arc formed, P. N. lUikow found carbon dioTiila convert* 
i^csium hydroxide into an acid carlKinate. C. J. It. Karstcii found that molten 
Mdt^cnlonde 18 not decomposed by inagneaia. Aecnnling to K. E. IIughM. 
dry ll]ratOS»611 sulphidd has not an ap|)r(‘c*iiihh' action on dried magnesia betwt'en 
15 and 40°, but in present of moisture, the gas is absortwMl ; 0. tStihumann noted 
tho formation of niagncsiuni sulphide when hydrogen sulphide is posst'd ov'sr 
heated magnesia, hi. Fremy obstTved that n*d hot magnesia is converg'd into the 
sulphide by the vapour of carbon disulphide. K. Birnbaum and C. Wittich found 
that sulphur dioxide is absorbed by magnesii^ at but so slowly that three 
months arc needed for the completion of the reaction. W. T. Smith and H. B. Park- 
hurst studied the absorjition of sulphur dioxide by milk Of magnesia. V. Ixmher 
found magnesia dissolves in a soln. of selenium oxychloride. When magnesia ui 
heated in a stream of phosphorus pentachloride, A. Daubrw noUid the formation 
of crystals of normal magnesium phosphate. M. Berlhelot and G. Andre found 
magnesia drives ammonia with diiriculty from, even boiling, soln. of ammonium 
wits — thus ammonium magnesium phosphate is but very slowly decomposed when 
boiled with magnesium hydro.xide huspendi'd in water. The nnluetiou of magnesia 
by carbon has been (ii.seusHed ui connection with the preparation of magnf‘8ium. 
E. Ticde and E. Birubriiuer said that magnesia is not reduced. 0. P. Watts foumi 
magnesium oxide is more effectively redui'ed by e.ertain carbides than by carbon 
alone. The carbide.s of iron, nickel, and chromium an* very lictivt*, but those of 
copper and tin have scarcely any action on the reduction of magnesium oxide. 
W. G. Palm(*r found magnesia admixed with cupric oxide to act catalytically on 
the dehydrogenation of ethyl alcohol Siloxicon and carborundum accelerate tho 
reduction. H. Davy studied the action of tin* alkali metals on heab'd magnesia - 
vide magnesium. F. E. Weston and H. K. Ellis found that magnesia is njdui'ed 
by calcium, hut nitride is siniultuneously fornwd. According to H. N. Morm* and 
J. White, when a mixture of magnesia and ma^esium is heated to redness in an 
evacuated tube, the magnesium oxide is transjiorb'd to the cooler jiartof the tube. 
Tho phenomenon is not due to tin? volatility of the oxide, but is thought to be due 
to the free metal attracting the oxygi-n and causing a dissociation of the oxide, 
which reforms in the cooler part of the tube where, the teinf). is lower—ytdc zinc 
and cadmium oxides. C. Matignon argues that every sysUun of liquid or solid 
bodies which is capable of giving rise a sysb'iii furnishing volatile sub- 
stances, will undergo reaction in that sense at a convenient temp , and the 
reduction of magnesia by al umini um : 2Al4 .'5MgO -.‘iMg+AlaOs, is possible be- 
cause m^nesium is volatih; at a r-oiiijiaratively low temp. F. E. Weston and 
H. R. Ellis stated that magnesia is not reduced by aluminium. R. Fink found 
that when magnesium hydroxide is added bi s<jbi. of manganese, iron, or nickel 
sulphate, basic salts of these metals are prccipitab*d. 8. Meunier found that 
molten potassium hydroxide dissolves half its weight of magnesia, and the molten 
mixture absorbs oxygen from the air. L. B. Guyton de Morveau hcabid mixtures of 
magnesia with baryta and with lime, but obtained no 8j>ccial results. E. S. Shepherd 
and co-workers found that the components of fused mixtures of lime and magnesia 
crystallize out side by side ; they furnish a simple eutectic mixture with no eridence 
of combination ; J. B. Fi‘rguson and H, K. Merwin 4*stiraab*d a eutectic at about 
and about 32 jier cent. MgO. According to J. J. Berzelius, when moistened 
with cobalt nitrate, and strongly ignited before the blownipc, it takes a fine rose 
colour ; and J. A. Hedvall noted the formation of mixed crystals of calcium and 
magnesium oxides. 
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P Butini H Davy, etc., noted the inertoew towards Water of ma|Fpesia calcined 
at a high temp., and H. Rose stated that magnesia prepay by caloming magnesia 
tiba docs not become warm when mixed with water, while magnesia prepared by 
calcining trihydrated magnesium carbonate to 300 , becomes hot when mixed with 
water. The properties of magnesia calcined at high and at low temp, are therefore 
in marked contrast. As shown by A. Ditto, and W. C. Anderson,^ the low temp, 
and low sp. gr. form readily absorbs gases, and moisture ; it is readily and quickly 
dissolved by mineral acids ; and it reacts quickly with water. The high temp., 
high sp. gr. form of magnesia is very resistant to these influences, and it remains 
practically unacted upon by water, even after the lapse of a considerable time. 

H. M. Goodwin and R. D. Mailey have stated that fused magnesium oxide 
possesses in a remarkable degree the ability to withstand the action of many nootnU 
Mltf at high temp,, and is therefore well adapted for use as vessels and apparatus 
for containing such salts when subjected to high temp. Silver, sodium, and potas- 
sium nitrates ; sodium and potassium chlorides, bromides, and sulphates ; zinc 
chloride ; and barium nitrate showed no action on a polished sample of fused 
oxide when the latter was heated for an hour or more in the fused salt. Barium 
chloride hud a very slight action ; while sodiom carbonate, potaniam carbonate, 
potaifium hydroxide, and cryolite attacked the fused oxide energetically. Dil. 
niMc, hydrochloric, or sulphuric add slowly attacks the fused oxide in the cold ; 
the cone, acids are less active than the dil. acids. 

In mldition to iho rnanufat^turo from calcined magnesite of refractory tirebrickfl for 
l»aaic stwl fuAiaoJw, the KOniglichen Porzellan-manufaktur, Berlin, make various chemical 
apparatuH tubes, dishes, erucihles, eto.^ — from fused magnesia. According to K. Arndt, 
tney can l)e heated in the blast flame without cracking, but, according to E. Wedekind, care 
ianwessary on eoolitig J. VV'. Mellor and F. Austin noted that fusixl magnesia does not 
crack like fuseil quartz does during its devitrification. E. Wedekind says fused mamesia 
undergoi'H no shrinkage or elei’trolysis when heate<i in the olt'ctric furnace at 1760*. In 
1800, .1, L. I’roust mentioned the use of magnesia as a refractory in furnace building ; and 
the use of magnesia in making pottery. 

II. St. 0. Doville, II, Schwarz, and F. Knapp noted that magnesium oxide 
prepared by heating magnesium chloride or nitrate to redness has hydraulic 
properties in that when mixed with a limited quantity of water, it sets rigid like 
portland cement, and the product is hard enough to scratch marble. On the other 
hand, magnesia, prepared by ealeination for 12 hrs. at a white heat, no longer sets 
with water, or, if it does, the setting is very slow. A. Ditto also made observations : 
Magnesia ^inqiared by calcining the nitrate at 350°, when fashioned into rods and 
spheres with water, remains soft and friable when under water 8 months; that 
calcined at 440°, hardens under water and in 2 months is like polished marble ; that 
calcined at 51)0°, also is very hard after standing 2 months under water ; while ^ 
that calcified at 12tK)° doe.s not harden under water. According to W. C. Ander- 
son, magnesium oxidi* prepared by gently heating the native carbonate reacts 
quickly with water, and, when in presence of a limited amount of water, seta to a 
nrm mass. The product obtained by heating similarly the artificial carbonates 
does not set, although it also appears to slake rapidly with water, but if these 
carbonates be treated with nitric acid and the resulting nitrate ignited gently, the 
oxide left will set similarly to that obtained from the native carbonate by heat. 

Magnesia gradually absorbs moisture and carbon dioxide from the atm, 

E. de M. Camplfell ^3 has measured the rate ol hydntioil of magnesium oxide 
burned at different temp., and seiections from his measurements are shown 
graphically and diagrammatically in Fig. 8. The hydration of magnesium oxide 
burned between 6(X)° and 800° is practically complete in three days ; and a chai^ 
in the constitution of magnesium oxide sets in between 1000° and 1100°, resulting 
in a marked decrease in the rate of hydration, and this change becomes more ana 
more marked with rise of burning temp., until, at 1460°, or nearly the temp, 
employed in burning portland cement, the magnesium oxide combines with 
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temp, of calcination up to about 11 .‘>0 , the 
faster the rate of hydration ; beyond that 
temp., the higher the temp, of calcination, 
the slower the rate of hydration The 
subject has also been studied by A M Sen, 
and N. Parravaiio* and C. Mazzetti. The 
latter found that H. le Chatelier's statement 
that magnesium oxide undergoes a transforma- 
tion at alxmt 1600°, and E. de M Gamjds'irN 
that it changes at about IKR)", are incorre. t. 

The change occurs at 800^, but very slowly. 

The presence of impurities in tin* magnesite 
modify the transformation f(j. iron oxides 
accelerate the change. J. W. xMellor showinl 
that there is no definite transformation temp., 
but that the change proceeds more (juiekly 
the higher the temp, of calcination, and 
each variety of native magnesite has its own 
specific rate of transformation. The cliangc 
phous to crystalline pcriclase. 

The various determinations of the solubility of magnesium oxide or rather 
hydro.xide in water arc discordant. Reducing the data by the different observers 
to milligrams of magnesium hydroxi<h\ MglOH)^, per litre, J. Dalton gave 02 5 
in cold water ; li. Kirwan, 126 r> in cold wa!<‘r ; "o. Henry, 172 4 at 15 ' ; A. Fyfe, 
194’5 at ordinary temj)., and 27 8 at liHi ; R Kn*senms, 27 8 in either cold or boiling 
water; A. Bineau, 5 to lU in cold water; K. Kohlrausch ami F. Rose, 9 at 18° ; 
A. Dupre and M. Bialas, S at !«'; aial G (’ Whipple and A. Mayer, 12 at 22°. 
The wide variations in the re.sults are due to tJie magnitude of tbe sources of error 
in contrast with the magnitude of the constant being measured. Tliew* errors are : 

(i) The solvent action of carbon dioxide ilissolved by the wab r from the air ; 

(ii) the action of water on the glass containing vcswls whereby bases are dissolved, 
and when the solubility is estimated from the alkalinity of the soln., tin* dissolved 
alkali introduces a large error ; (iii) the j»res4*nc(* of such impurities as him* in the 
magnesia would introduce a large error when liim* plus magnesia is regarded as 
magnesia ; and (iv) the uncertainty involved in the assumption that e(juilibriura 
is attained since the rates of dissolution of magnesia, prejiared in dill<*n*nt ways, 
are ver}' different. The best representative value of the nuKlcni deti*rminationa of 
the solubility of magnesia in wate*r is lU mgrms. of magnesium hydroxide per litre 
of water at 20°. W. C. Anderson showed that a given oxide, <',alcined at different 
temp., dissolves in water at different rates, the rate of soln. being diminished as the 
temp, of preparation is increased ; on tlie other hand, the extent of this diminution 
is not the same for oxides obtained from different sources. It is greatest in the 
case of the oxide obtained from heavy carbonate, less marked in the product from 
crystal carbonate, and scarcely apjireriable in that from light carijonate. The 
aq. soln. of magnesia is not caustic, but it has an alkaline reaction, changing red 
litmus blue, etc. 

Ateording to H. Precht, a litre of a 2 .V- 8 oln. of polastium hydroxide dissolves 
16*13 mgrms. of magnesium hydroxide. K. Warington showed that the solubiliify 
of magnesium hydroxide is augmented by ammonium naUs, even in the presence of 
free ammonia. From experiments on the equilibrium : Mg(OH) 2 -f 2 NH 4 CUasMgCl* 
4 - 2 NH 4 OH, at 10 °, J. M. Loven calculated that the solubility of magnesittm 
hydroj^e is 3*5x10^^ mols per litre ; and at 29°, W. Here and G. Muhs caleuiated 
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2*3x10^^ rook per litre. Like J. M. Loven, F. P. Treadwell concludes that the 
non-precipitation of rna^nesium hydroxide by atiiuiooia in the presence of ammonium 
salts is not due to the formation of a complex salt, but solely to the retardation of 
the dis. 4 ociation of the ammonium hydroxide by the ammonium chloride according 
to the law of mass action. W. Herz and G. Muhs give for the solubility of magnesia 
in ammonium salt soln. at when the cone, are expressed in grams per btre, 

NU 4 CI NH 4 N 0 , 

Aiuinonium Httlt . . 4 13 5 07 9‘21 13*39 20*86 6*00 14*69 

MagncHiurn hydroxnlt* . 1*43 1*80 2 00 3*15 4'fJ5 1*45 2*43 

When warm soln. of ammonium salts are heated with magnesia, ammonia is evolved, 
R, Warmgton found sodutin ami potassium salts act similarly in their solvent action 
on magnesia, but to a le.s.s degree. C. J. B. Karsten stated that magnesium 
hydro.xide is in.soluble m cone. aij. soln. of many salts -c g sodium chloride, .sulphate 
or mtratc, barium nitrate and chloride, and potassium nitrak*. 0. Henry rejiorkd 
that the jircsenee of calcium hydroxide^ calcium sulphate^ or potassium sulphate does 
not interfere with the solvent action of wakr on magnesia. In general, however, 
K. K. (JameroM and M. Bell say i\mi the solubility of magnesia in water is augmented 
bg various salts, i minding magnesium salts, but is depressed by the alkali hydroxides. 
E. Maigret found the presence of the free base, sodium hydroxide, lowers the 
solubility of magnesia in a soln. of sodium cliloride. Expressing cone, in grams 
per litre, 

4 0*S KTIII. .NuOll 4 0 Kfiiw N.iOH 

Sodium cliloudo . . 125 140 160 "725 ItO 160 grins. 

Magiu Kium h)(iruxi<f(’ . 0 07 0*045 ml 0 03 ml nil 

G. Floury found tlu' solubility of magnesia in water is increased when glucose is 
present ; although C. Bernard and L. Ehrmann ignored this in using sugar soln. 
to remove lime from magnesia. C. N<*uhiTg and B. Kewald found that magnesia 
slowly (li.ssolves when shaken for a long time with methyl alcohol, forming a t^'pical 
magnesia alcosol which contains in a litre an amount of magnesia corresponding 
with l u j)er cent. Mg.^B 207 , i.e. 1()3 ])er cent. MgO. 

Magnesium hydroxide, Mg(011).>. —Tin? mineral hrante was discovered in 1811 
by A. Bruce at Hoboken (New Jersey) ; it was calhsl talc-hydrate by ('. C. von 
Leonlianl ; nuujnesie hydralec by R. J. Ilaiiy, and F. S Beudant applied the term 
brucite in 1821. The mineral is found with magnesik* and dolomite m .serpentine 
as a ri'sult of the decomposition of magnesian silicaks. J. Bierce, and T. Nuttall 
describeil a librous or umiantlioidul form of magnesia which was designakd rwmalite 
or neniatolite- Iwm a fibre. J. 1). Whitney, and C. F. Kammelsbcrg proved 
its chemical identity with hrueite. Magnesium hydroxide is formed during the 
hydration of magnesium oxide. G. (). Rees stakd that magnesia is converted 
into the hydroxide by moistening it with water, and drying the mass on a water- 
bath. (Vlloidal and a readily soluble form of the hydroxide is produced by the 
action of water or sk-am at 150 ’ on magnesia. The colloidal magnesium hydroxide 
is readily obtained by adding an excess of potassium or sodium hydroxide to a 
8blu. of a maguesium salt. As remarked by B. Grouvelle,^® and R. F, Marchand 
and T. Seheerer, it is diflicult k) wash the precipitate free from alkalies. H, E. Patten 
found that magnesium hydroxide does not carry into precipitation with it either 
chlorine or sulphur trioxide ; and at 20^', more than the theoretical amount of 
potassium hydroxide is required for complete precipitation. The washed and dried 
hydroxide is a whik‘ powder, or, when dried at 1<X)°, is a translucent, coherent, 
soft brittle mass — presumably in the colloidal stak. A. de Schulteu prepared 
crystallized magnesium hydroxide as follows : 

12 gnus, of uiagnesium chloruio, MgCl,. 6H|0, 340 graw of potassium hydroxide, and 
60 0 . 0 . of water, are heated at 212 '’- 220 ®imtil the magnesium hydroxide completely dissolves. 
If the proportion of potash is larger, a lower temp, is sufficient. The liquid is allowed to 
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G. Friedel al^ made cryatala of llie liy,lro.xi.le l.y tl.e aeiion o( so, la lye maKimaii 
Ht 4(X) , and he considers that this explains the formation of erystdils of brucit/O 
in boiler deposit, observed by G. A. Kenn-iUt. A. Weisbaeh. and 0, Lm deeke. 

According to F. Hessenberg.ia the crystals of bnieiu- an‘ trigonal, with 
a : c=l . 1 o2078, ami a— 81 lli . K. llerinann described some crystals of niagne* 
Slum hydroxide from Texas, l*a , as monoelmie. and I'alled the mineral 
which would make magnesium hydroxide dimorphous, but tins is not vet ehtabliahed 
because the crystals Ix'have optically like brueiie. CJ AminolT ealeulal<'d from the 
X^radlOSTEms that the eh'iiif'utary parallt'lopipcMi has o .‘I Id A , and r -A Tri A. 
The specific gravity of artificial er}stals was fiiun.l bv A d.* Se.hiilten to be 2‘;JG 
at 15°. For brueits', K. Hermann gave '2 55 ; W. Beck. 2 dTtJ . A. A Useh. 2 .588 ; 

b. R. Mallet, 2'4ol at lo^ ; M, F Ibaldle. 2 .’kUi 2 37 : 1 j. IVruzzi, 2 .38.) at 17 ; 

and V. von Zepharovieh, 2 :V.h 'I'he hardness is 2 on Mohs' scale. (). Mugge has 
studied the percussion figures of brueitv. 

According to J. M. van Bemnu'leii,*^ the hvdroxide passes into the oxide at a 
temp, below a red heat , it does not lose its ('omlnned water in a dry atm at .3r)<)“, 
but it does so between 35()’ and dull redneas The. Indroxide dried over sulphuric 
acid without heating, absorli.s aiamt 1 (» nmls of water when exposed moist air, 
but it loses tins projierty if previoUhK heated t^i 2tKi , owing to its conversion from 
the colloidal to the crystalline state M.igiit'sia obtained at a dull nd heat, again 
takes up mols of w.iter an<l one mol of this i.s retained as wab-r of I'onstitutuni, 
Mg(0H)ri ; if the magne.sia lias been obtained by ignition at a still highi'r temp., it 
is only partially converted into h\<lro.\ide in a moist atm , and if ealcined 20 hrs. 

at this temp., it no longer tak<*s up water uf constitution J. .lolmston found the 

dissociation pressure of magnesiutn hydroxidi* b) be : 


:i0' r.l 74 KmC 147“ f. KH)’ 

Vup. press. . . . 2 31 92 231 62(1 7110 mm 


At 25 the press, is 2 3xl0 atm , and the diKsociation boiip. is apjiroximaUdy 
1G0\ 

A. des C’loiiscaux found brueite had a strong positive double refraction. 
The plato-like crystals of briicib’ resemblf ihos«‘ of gypsum and talc in softness, 
foliated structure, cleavage and lustr.-, but gyfisum is biaxial, and talc has negative 
double refraction M, Bauer gave for the uidex of refraction with red light for 
the ordinary ray ro --1 .'»5U, and for the extraordinary ray c 1 57U5. L. Peruzzi 
found oj — 1 502, and 5H27. M B.iu< r, K. Brauns, and Ji, itosenbusch have 
studied the modification m tin* optical properties of the crystals by strain. 
U. Panichi found that no cliange in tin* optical properties occurred when the 
crystals were cooled to —ItHj'. \\ W Poblentz,” and J. Kbnigslarger studied 
the infra-red absorption spectrum of brueite and noted .that gyi>suin shows ari 
absorption spectrum which i.s a eoinposite of the bands of wabtr and of anhydrile, 
while that of brueite is diilen iit, thus distinguishing between the wab-r of crystal- 
lization of gypsum from the water of institution of brueiU\ 'There is a large 
band near 2 ofi which with higher disprsion is resolved into three bands with 
maxima at 2 b^i, 2 Ifi, and .3/i , bkiyoinl this region there are no niurk(‘d bands, 
while beyond 12/i there is complebi opacity. There arc depressions in the trans- 
mission curve for 5/i, 7p,, 7'7p, 8 2p, 7/i, and 10 8p., but as a whole the curve is 

conspicuous for the absence of sharp abwirption bands. 

F. Beijcrinck found that the ridCiriCftl oondnctivity of brueite is nil. 
W. Hankel found that the cT} stals exhibit pyroelectricity, for, on cooling, the two 
ends of the principal axis and the adja<M?nt surfaces are electrically negative, while 
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the corners of the base and the neighbouring surfaces are electrically positive. 
J. C. Bose studied the absorption of electrical waves by nemalite. 

MOT e n tl in peroxide. — C. Weltzien’s experiment on the action of hydrogen 
peroxide on magnesium has already been indicated. R. Haas treated a soln. of a 
magnesium salt, containing 3 j>er cent, hydrogen peroxide, with aq. ammonia, and 
obtained a precipitate which contained some active oxygen, and appeared to have 
the characteristics of a peroxide, K, Wagnitz patented a preparation made by 
mixing 5() parts of magnesium hydroxide or hydrocarbonate, moistened with 
about 5 parts of wat<T, with lo to 12 parts of sodium peroxide ; other modes of 
mixing were also employed. Undue heating of the mixture should be avoided. 
F. J. ilomeyer also added sodium or barium peroxide to the soln. of a magnesium 
salt and obtained a product estimated to contain 3() per cent, magnesium dioxide, 
MgO.,. A. Kraus(‘ also patented analogous mixtures. 0. Huff and E. Geisel 
attempted to prepare pure mugne.Kium p<‘roxide by the addition of pure sodium 
hydroxide to magnesium sulphate soln in the presence of hydrogen peroxide. 
Even when a large exce.Hs of the latt4T is used, the ])re( ipitatc in the moist state has 
the ratio Mg();()“ Drying the precipitate reduces the proportion of 

jjoroxide oxygen, and a pro<luct is obtained which has the composition Mg0.Mg02, 
aq. The dried product readily lom-s oxygen at 2.') or 37", and at atm. press., but’ 
even after 22 days the ratio MgO ; 0 was 1 :()'3!>. and the ratio appears to remain 
constant at 1 : O da, eorresponding roughly with the formula Mg02, 3MgO, aq. The 
decomposition is more ra{)id in the presence of wat4*r. 

E. Mereje agitated dried magn<>siuiu oxide with anhydrous hydrogen peroxide ; 
the anhydrous solid is ^•aMily H«*parnt<*d from the water formed in the reaetion, and 
does not require washing, A rep»*tition of the treatnu'nt furnishca a peroxide of 
high degree of purity. F. Hiuz u.sed an 4*lectrolytic process for jireparing magnesium 
jieroxide. The anode compartment of an electrolytic cell is supplied with an aq. 
(about 20 per cent ) soln. of magnesium or zinc cliloride, whilst the cathode com- 
nartment contains magm'sium or zinc chloride soln, to which hydrogen peroxide 
has been added ; the ano(h‘ is of platinum or carbon, and the cathode platinum. 
An e.m.f. of () or 7 volts is used m preparing mugne.sium pero.xide, and 2‘r> to 3 volts 
for zinc peroxidi'. Any fn‘e acid formed in the cathode compartment is neutrabzed 
by the addition of magnesium or zinc oxide or hydroxide. The reaction presumably 
]>rogresseM Mg-f-HjjDo-f 2H20-»H2-f Mg(0H)4. 

Ihe peroxides of the alkalint' earths, zinc, and magni'siuni have attract-ed some 
att<Mition on account of their ehemical and pliysiologieal ]»ropertu'8 and their use 
as antiseptics. Alagm'sium jieroxide is a white powder which may be magnesium 
hydropiToxide, Mg(()ll)4 5 usually contain.s some magnesium hydroxide, and 

water. K. von Foregger and H, Philipp say “ preparations containing certain 
amounts of available o.xygen are more stubl<> than other jireparations containing 
more or less tlian these. Thus, a product containing 1)'2 ])er cent, of available 
oxygen seems to Iw stable, wJiilst if a product contains less than this it gradually 
Joses its available o.xygen, till it ix‘ache8 8 per cent, available oxygen, when it again 
rt'iuains stable ; and stable jiroducts occur containing h’Ho to 01) per cent., and 
also 13 per cent. ox}g(‘n. The le.sa available oxygen the product contains the 
more stable it is under atm. conditions. The ordinary product contains about 
8 per cent, oxygen and has a sp. gr. of O'Olf). Magnesium peroxide has the solubility 
of 1 jiurt in 14,5f)0 parts of water at 20"’ C. Suspended in water it loses its 
available oxygon quicker than zinc peroxide, and slower than calcium or strontium 
peroxides, but it loses its available oxygen quicker in moist atm. than the other 
peroxides, as it is apparently more subject to the influence of carbon dioxide. In 
a dry atm. it is, however, comparatively stable, and can be heated to 160® C. 
without any loss. It reacts like these other peroxides with acids and certain 
organic matters. 



MAGNESIUM 


m 


RKVERKVrits. 


» It^'UmvHkv. Zt.U. EMtroeh*m., II. m. im; 

Her., 8& ^19, 190J ; A. k. lhrihtomw»o«, th , 38. 1W« ; (J. Cnxtx\ t 'hrm. .NVim. 80. IW, 

1884 ; b. Kappel, AfcA PAflrm . (3), 24. W»7, lss.i ; F. r. Fmrv and H. i\ IVrnmt*, Tw^. Amtr, 
hkctrochem. Soc., 27. 209, 1915. 

» A. Scaochi, Jowm. proi;^. CAm.. (1). 28. 4S<i, 1843; Mni^rie m^nrr\}i^t-riie * ffealafieAe, 
NaiK)h, 22, 1841 ; ^eves Jahrb. Min . 281. Is.Vl ; n, 137. |8S2; A. i\mx, .4Mi Acf^uL liitcei, 
8. I, 1876; 0. ^ncwk, Terhertmd's Mtit . 12. 4.13. 44.8. 4.V., |S91 , L. IVnirri. HtnA. ArewK 
Linen, (5), 14. ii, 83. 1905; 0. Schumann, hehu/s Ann.. 187. 28«», IS77 ; <'. F. A. roiuio and 
S. Calderon, MinenUfutul^mirn <Ur ihnmhen iiall>iintfl. RmIui. K5. hH)2 ; A Si(ipr.>n. (>/*fr. 
.IW. Fdrh. Stockholm, 479. 1HS7; (JnL /\,r. ForA., 9. 527. Ins 7 ; H. Sjoun n. lA., 17. 288, 
189.5; 20. 25, 1898; \\, h, IVttvrd, < atohufue of the Mitortih of Tmomiuitt, Hid>ari. 1910; 
H. St. C. I>villp, Cotn/rf. Hntd , 53. 199. iShl . A. Duimmr, MmrA. (4), 3, .IKI. 1843; 
BuU. a/ot. Soc.. 6. 311, 1849; K Jl.-yhvk**. Iter., 24. UsO. 1891 ; (3. llniH»»»o9. ami 
('hem., 29. 126, 1890; Ann.. 2. 4(»6. Is77 . 4. 277, 1878 . Znt an4>r,f. TAyw . 9. 41.5, 1W),5 ; 
K. Otto and J. H. Khox, Hrr., 24. 1480. Is9l ; A. hHulmo. l/lnAt., 241. 1854; Comfii, 
Bend., 89. 135, 1864; H. Ihdtniy. lA.. 52 9.85. 1.80V; M. HomUrd. lA . 144. 1349. 11W7; 
H. St. C. Dcville, lA., 63. 199, l86i ; J. J. KiM-limn, lA . 33. .V2.5. 18.51 ; .4w«. Mints. (5). 4. IK.5, 
1861 ; Amt. CAiw. Bhi/e., (3). 33. 31. 1851 . J. 11. A. Dumn..*. tA . (3). 65. |H9. 1859 ; H. Moi«win, 
Bull. Soc. C/iim., (3), 9. 955, 1893; ( 'on,/>( Utnd.. 62. 98.), is61 ; K. Mallard, Ruih SV. Min., 
16.19,1893; A. de SchultcM), tA., 21 87,1898. S !<• Ho\er, A. Hnin, and M ArrA. .8ri/iwM 

Qenhve, 18. 409, 1904; K. SoninuTfcIdt, t Vwtr. Min„ 213. 1907; F. KouquA and A. Mirhcl l./evy, 
SyiUhise de^ viinh'aux el detf rttches. Pan-, 382, 1882: 1... IhnirjrtHiii*, Jai j*vi»lA/af miwMiAiyh/toj, 
Paria, 1884; T. Hiortdahi, Licht^'s .!«« , 137 2.36, l86t», ,1. MounicT, Bull. StK. ('Atm., (4), 85. 
.660. 1919. 


• Salibt'rgwcrk N(*u-Sta.s«furt, dernuin I*id , D.H.BB. .36673, 1885; 47043, IKHH; 48,562, 

1889 ; 54830, 1890 ; F. K(»iithor. )A , 41351, 1887 ; .M Sciiliophat ko and H. Himnavin, »A,, 43922, 
1888; A. Feldmann, »A , 11717. 11100, 1887. Hanidohr, iVlumonthal u. Co., lA., 11580, 1879 ; 
11746, 1880; A. Uumpl.T. (A. 8777. 9114, 1879. (3. KnM..n(hal. d,., 31357, 1881 ; Alkaliawkrt 
Woslercgein, lA., r>0.596, 1889, It. iA., 1 k(>73h. 1907; M. Malt/jtn, t’A., 3733.3, 1886; 

A. Vogt, »A., 35668, 1885 ; (ilenck, Kurnniann u. ('<• . »A , I37>834. 1899 ; K. W. v»m Sjinn'na and 
J. (J. Hillakc, tA., 130298, 1901 , .1. 11. .M. V C|uH^on. lA , 114.56, 1879; 15.342, iKHl ; 0. tl'Adt^U. 
ward, lA., 11321, 1880; ScheiM.«r. »A., 149.36, 16575, IhHl ; P, dc Wildt*. (A., ,'-8>l55. 1889; 
C. Hein/erling and J. Schmidt, lA , 41996, 1.887 ; (J. I>*m4»in<', BhII.Siic.iI Ar'nf.,(2),20 362, 1873 ; 
H. P. lia»«'t, I’.S. Pal. A«. 1405388. 1922. H. M.-khiiii, .!««. CAim. Phys., (7), 4, 136, 1896; 
F. Heuaslcr, Zeit. atiorg. ('hem, 11. 298, IlMHJ; O Schumann, l.rcLiys Ann.. 187. 2811, 1877 ; 
F. Mohr. Bei>ert. Pharm., 1. 5.3, 1852. (>. Henrv, .Iwn. ('him. Phys., (2), 6. 86. 1817; 
J. B. A. l)umtu^. th., (3), 56. 189, 1859 ; K Pn\M./mk. Ihnyler s .lourn., 260. 335, 188(1 ; H. Hol- 
land, /’At/. Trane., 106. 294, 1816; (' .1. .lohanwat, /f»(. .Wiwmi/iowcr. Pahr., 4. 161, IS87 ; 
C. Kij>|M*nl>crger. Zetl. anorg. ('hem., 6. 18.3, iKttt ; K. '1*. KluU, Journ. FranJelin InM , 190. 739, 
1920;' J>. Kyoub, Kmj. Mtn Journ , 112 61'<. 1921 ; 'F. Twynam, Writ. Put. Sue 1019, 1880; 
4397, lH82 ; K. Solvay, lA., 171, 1877 . H. Au/ick ami A. St'^oilin, »A., 1425, 118)7 ; .1. W. M*dlor, 
Trane. Per. Sor., 17. 119, 19ls, T. .1. I5 Imii/c. ( Utnd.. 52. 1267, 1861 ; ,1. ,1. KU^Inmn, 
iA., 33. 52.5, 1851 ; (^ Ih'rnard and 1^ Klirmann. i'> . 83 1239, 1876 : C. KiM ln'llmann, ('hem. Ind., 
12. 2, 2.5, 61, 1889; (i. .MoreW-^-, la« S»s\ (it<J HeUj . 37. 151, 1910; F, KindclwHi, PdyU 
^’(Al:d^laU. 8l, 1860; yVaytur's JahrtJth . 2.5.5, H. L Pattinaf»n, ('hem. AVum, B. 128, 1863; 

3nl. Pat. A'o. 9102, I84i ; (J .Mnjoii. .Mun. hi t.tgurt. 1. ij,67, 1806; h. H. IhiHcliak, ('hem. 
Met. Eng., 23. 628, 1920, A hatihm-, L hut . 22 211, 1854; Comjtl. Berul . 39. 135, 1854; 
tl. Dt'bray, ih., 52. 98.5, 1861 ; II. St lA vill**. »A . 53. 1161, 1861 ; ,M, Ihnidiird, »A., 144. 1.349, 
1907; A. (x.iHa, Alh Amid, L^ncei. 3 I. 1876. F Kutupm and A. Micln-l la-vy, SyntMee du 
mitUraux et dee roches, Pan-, 382, I8'*2. I. Htortdahl, Ln^tg s Ann., 187. 236, 18(16; A. de 
Schult<>n, Bull. Soc. M\n.. 21. 87, Ia98; A lto\cr. A IVrun, and M. Collet, Areh. Se.iencM 
Oenh>€, 18. 409, 118)4; K. Somnn rfd.lt, ( entr. Mtn., 21.3, 1907, ii. Bntgdmann, Zeit. anal. 
Chem., 29. 126, 1890 ; .1. .Mcunn i. Bull. .W < htm , (4). 26. .'810, 1919 ; H. Otto and -I, H. Khoa, 
Ber., 1480, 1891 ; H. (*. Si hurccht. J»uni Amrr. Or SV., 4, .558, 1921 ; W. Karh, (lerman 
Pat., D.K.P. 338888, 1917; H. I). Piki-, ( amulmn Pat. .So 217636, 1922; T. Schldiiing, BuU. 
Soc. ('him.. (2), i^. :m, 1885; ('tanjA lUnd . 101. 131, IHH.5; K. A. W. Blotk, I'.S, Pat. So. 
J4.36230, 1921: C. K. Oliver, jA., I4.36.52o, 1922, T Simon, Bnl. Pal, So, 176786, 1922; 
W. C. Riddell and C. N. .Schuelte, hng. Mtn PtrAs. 114. 981, J922. 

• H. Stnivp, ZeU. anal. Chem., 11 22, 1872; H. Itnae, Pogg. Ann., 86. 2H3, 1862; 
T. W. Richard* and E. F. Rogers, Prtx Amer. Arad.. 28. 200, 1893; Afm.r. Chem. Journ., 16. 
567, 1893 ; Chem, Sttre, 68. 240, 250. 1893 ; 3. Meunier, UuB. Hoc, Chxm.. (4), 26. 500, 1919, 

• V. KohUchhtter and J. L. Tunchcr, ZeU. EleHrocMm., 27. 225, 1921. 

• F. Rinne, ZeU. deut. geol. (Jee., 43. 2.31, 1891 ; A. Soaechi, Memorie mineralagicke « geclogicKe, 
Napoli, 1841 ; Journ. praki. Chem., (1). 28. 486, 1843 ; V, Kohkehutier and J. L, Tuwhar, Z^. 
KW^ocitem., 27. 225, 1921 ; W. P. Davey, Pkye. Rev., (2). 17. 402, 1921 ; W. P, I>av»y and 
E. 0. Hoffman, ih., (2), 15. 333, 1920 : E. Schksbrtld. Min. Hoc. OhUingen, 4, 1921 ; W. Oorlaoh 
and 0. Pauli, Zea. Ph^eit, 1. 1 16 , 1921 ; A. W. HoU, Joum. Amer. Chem. Hoc., 41. 1 109, 1919 ; 



394 


INORGANIC AND THEORETICAL CHEMISTRY 


Jwrn. Franklin liut„ 188. 131, 1910 ; W. L. Bragg, Phil. Mag., (6), 40. 174, 1920 ; J. A. HedvaU, 
ZeiL anorg. C’Am., 120. 327, 1922; W. Gerlach, Phyt. ZtU., 22. 557, 1921 ; Zeit. Physik, 9. 
184, 1922; V. Tadokoro, Science Hep. Tohoku Univ., 10. 339, 1921; R. W. G. Wyckoff. 
Amer. Joum. Hcienu, (r»), 1. 138, IMI ; E. Madelung and R. Fuchf, Ann. Phytik, (4), 65. 
289, 1921 ; A. Dumour, Ann. Mines, (4), 3. 381, 1843 ; J. J. Ebelmen, ib.. (5), 4. 185, 1851 ; 
Comjd. Jifnd., 33. 625, 1861 ; Ann. Chim. Fhys., (3), 33. 34, 1851 ; H. Moissan, ib., (7), 4. 
130, 1895; Hull Si)c. Chim., (3), 11. 1020, 189.1, Le Jour ilectngue, Paris, 35, 1897; Compt. 
Send., 118. 500, 1894 ; A. Ditte, ib., 73. HI. 191, 270, 1871 ; M. Houdard, ib., 144. 1349, 1907; 
A. Omn, Atti Accad. Ltttcei, 3. 1, 1870; A, Rein and L, Zimniermann, Zeit. phys. Chetn., 102. 
298, 11«>2; K. Utlu and J. H. K9 jo«, Her., 24. 1480, 18U1 ; G. Bnigelmann. ib., 13. 1741, 
1880; U, IkckurtB, Arch. Pharm., (3), 18. 429, 1881; (3), 19. 13, 1881; A. de Schulten, 
Hull. Sftr. Mm., 21. 87. 1898; K. Mallard, ib., 16. 19, 1893; H. Kobo, Pogg. Ann., 74. 437, 
1847; K. Arndt, Chem. Ztg., 30. 211, 1906; C. J. B. Karsten, Schweigger's Joum., 65. 394, 
1832; K. Kirwan, Elements of Mineralogy, Ixmdon, 6, 1784; Phil. Trans., 71. 7, 1781; 72. 
179, 1782; 78. 15, 17.S3 ; J. W. Midlor, Tram. Cer. Sac., 16. 85, 1917; A. Sjogron, Oefvers. 
A kail. Fork. Stockholm, 479, 1887 ; Ceol. For. Fork. Stockholm, 9. 527, 1887 ; F. Heufi-slor, Zeit. 
aiuerg. ('hern., U. 298. 19(Hi; II M. Goodwin and H. I). Mailcy, Ph/s. Itev., (1). 28. 1, 1900; 
.1. B. Kiclitor, Crell's Ann., li, 17, 179.5; F. Cornu, Crntr. Mm., 305, 1908; A. Scott, Trans. 
Cer. Soc., 17, 175, |!)I8; Trnn.H. Ceol. ,Soc. Clasyoir, |6. 393, I9l8; K. A. Keillicli in ('. Doeltcr, 
linndbwh der Mimraliheiinr, Itn-^di'ii, 1. 191.5 

’ L. B, Gnyton de Morvcau, Journ. Phys., 19. 310, 382, 1782; K. J). (,’larke, The Gas Blow- 
pipe, l.ond(»n, 18I9; Ann. Phil., 17. 421, 1821 ; R. Hare, Memoir of the Supply and Application 
of the lllowpipe, idiiUdt'lpliia, 1802; 11. Davy, Phil. Trans, 98. I, 333, 1808; J. VV. Mellor, 
Trans, i n Sm., 16. 270, 1917; H. M. Goodwin and R. D. Mailoy, Phys. Hen., (1), 23. I, 1906 ; 
K. Arndt, Chem. 7Ag., 30. 211, I9(8»; ('. Doftpretz, Compt. Itend , M 7.55, 1849 ; P. i7>.. 

144. 799, 1!M»7 ; II. Caron, ib., 66. 8.50, 1808 ; H. Moksan, ib., 116. 1034, JH92 ; Bull. Soc. ( 'him., 
(3), 9. 955, lsi)3 ; C W. Kanolt, Journ. Washington .{rad., 3. 31.5, 1913 ; Bur. Standards Heprinl. 
212. 19, l!t|3 ; 11 V. Ri'gnaiilt, /law. Chim. Phys., (3), 1. 129, 1841 ; G. Huff, Zeit. anorg. Chem,, 
82. 373, G. Bull and I’. Schmidt, ib., 117. 172, 1921 ; K. Ticdc and K. Birnbruiicr, ib,, 
87. 129, 1914; U, IC, Slade. Journ. Chem. Siy.., 93. 327, 1907; A. A. H.-ad, \b., 66. 313, 1894; 
F. VV. VVa.sfibiini, Trans. Amer Cer. Soc, 19. I, 1917; R. S. Hutton and J. K. Beard, Trans. 
Faraday Soc., \. 200, 1905; S. Wologdino, Bull. Soc. Enc., 110. S2I, 1908; Hev, Mil., 8. 767, 
1909, A. L. Quencau, Met. Chem. Eng., 7. 383, 43.3, P.KM); C. Dougill, H. J. Hodaraan, anil 
<1. \\ . Cohli, Journ. Soc, Chem, Jnd., 34. 40.5, 1915; J. Thom.sen, Journ. prakt, Chem , (2), 16. 
97, 1877, B. Diidlvy, Trans. Amer. Electrochern. Sac., 27. 285, 1915? W. II. Mott, ib., 37. 065, 
1920 ; H. .1. Ilodaniiin and J. \V. Cobb, Trans. Soc. Glass Tech., 3. 201, 1919 ; H. Fizcau, ( 'omjd. 
Bend., 64. 314, 1867; 66. 100.5, 1072, 1868; 68. 1125, 1869; M. Horthclot, tb., 103. 814, 966, 
l886 : A. Dille, lb., 72. 858. 1871 ; 78. HH, 1871 ; G. Hull and 0. Goccko, Zeit. nngem. Chem., 
24. 1 159, 191 1 ; A, S. HuhscU, J'hys. Zeit., 13. 59, 1912 . H. vo>» WarlcnlHTg, Zed. hhitrochem., 
15. 8ti6, |}M)9 ; II. Von Wartt'nbcig niul G. WOzcl, ib., 25 20t>, I91!t ; V. Tadokoro, Scinue Hep. 
To/iokn f'niv., 10. 339, 1921 ; A. Magnua, Phys. Zed, 14. 5, 1913; A. Jolumton, Joum, Amer. 
Chem. Soc., 30. 1357, IWH ; VV. ll('m|H>l, ('hem. Ztg., 27. 564, 190.3 ; Her. hdernat. ( ongiess App 
Chan. Halm, 1. 715, 725, 1903 ; A. Lampen, yemrw. Amer. Chem Six'.. 28. 846, I'.kHi ; ,1. C. G. di' 
Marigttnc, Arch. Htbl. /’ho-,. 42. 209, |S7I ; B. Bogitoh, Cow*/);. Paid . 173, 1358, 1921 , VV. StcgiT. 
Silnid Zed., 2. 51. 1911 . K. lloMi, G. Hau.-r and K. Wetzel. Mdt. Mat. Pmf., 33. 8»», I'.tl 1. 

* F. Ibutoii, J*h\l. May., (6), 11. 50.5, 1906; Jl. K. Ive^. F. F. Kingsbury, and K. Karrer, 
Journ. Fninkhn Inst., 186 401, HUS; T. Drummond, Edin. Journ. Science, 5. 319, 1H2<) ; 
D. Bn'waler, ib., 3. 343, 1820 ; F. Henning niul W. lleuHe, Zed. Physik, 10. 1 11, l!t22 ; 11. Caron, 
Compt. llnid., 66. S.5t). ISliS; L. de Bonshaudran, %b., 103. 1107, 1886; P. Bury, do, 130. 77th 
19(X) ; C. M. '1'. «lu Motav and C. H. M. de MnnVIial, Bull. Soc. Chim., (2), 10. 318, 1868 ; H. Jack- 
Hon, Journ. ( hem. S,h-.,'^. 734. IS94 ; W. ('rookes, /Voe. Hmj. Soc., 32. 206, 1881 ; K. Mallanl, 
Hull. Soc. Mm., 16. 19, 1893; F. Sommerfeldt, Centr. Min,, 213, 1907 ; A. he Hover, A. Brun. 
and h. VV. Collet, .\rih. Snrncis Cadre, (4). 18 401>, 1!K)4; E. L. Nichols and 1). T. Wilber, 
Phys. Her., (2). 17. 269, 707, 1921 : F. h. NiehoD, Trans. Amer. Ilium. Eng. Sor., 16. 331, l!»2I : 
W. V\ . Coblent/, I nit'.diijatuins uf Infra ird SfKctia, Wa'^hington, 3. 79, HHMi; 4. 8ti, HMMt. 

• H. ]th Goodwin and R. D. Mailey, Phys. Ha\, (1), 23. 1, HKHi; F. Hitrton, Phil. Mag., 
(6|), 11. f>05, H.HHi; F. K(>hlrau.seli and F. Ro.so, H'ird. .!««., 50. 127, 18!>3; F. Koblr,anseh, Zeit. 
jihi/s. ( Am.. 44. 197, HH)3; S Mejei, Wird. Ann.. 69. 236, 1899; A. A Sommerville, Met. (.'hem, 
Kng., 10. 422. 1912: F. Bi'ijevin. k, Ernes Jahrb. Mm, B.B., 11. 448, 1897; 8. Glixclh, .-In;. 
AW. (’nn'oie, 102, 1917. 

E. Thomson, Eatuic, 107. 520, 619, 1921 ; 0. d. Ixxlgc, i7»., 107. 553, 1921 ; R. W. (!ray, 
ib., 107. 619, 1921 ; d. M, S|H'akman. ib., 107. 619, 1921. 

“ }{. Daw, Phil. Trams.. 100 I. 1811 ; V. H. Velov, Proc. Chem. Soc., 10. 240, 1894 ; Chem. 
Hat'S, 71. 34, 1894; H. N. Morse and J. Whito, i6.,‘68. 279, 1897; Amer. Chem. Joum., 13. 
128, 1891 ; 1. .Meyer. Her., 20. 681, 1887; K, Bimbaum and G Wittich, ib.. 13. 651, 1880; 
A. J. Balaid, Ann. Chim. Phys., (2), 32. 337, 1826; M. Berthelot and 0. Andr6, ib., (6), 11. 
294, 1887; Hull. Soc. Chim.. (2). 47. 835, 1887 ; 0. Schumann, Liebig's .4»n., 187. 286, 1877; 
R. E. Hughes, I’hit. Mag., (5), 2$. 471, 1892 ; E. Ftt'inv, Ann. ('him. Phys., (,H), 38. 324, 1853 ; 
C. d. B. Karsten, Lehrbwh der Sahnenkunde, Bi^rlin, 2. 50, 280, 1847 ; C. Matignon, Compt. 
Htnd., 156. 1536, 1913; S. Meunier, ib., 60. 557, 1865; F. £. Weaton and H. R. Ellis, Trans. 



MAGNESIUM 


295 


I*«robriiuer. ZeU. atwry. Cktm., 87. IW» l»U ; 
W. T. Smith and R. B Par^urst, Journ. Atn^r. Chfm. .‘vV., 44. llUS. 1922 ; A. l>a»lw^ Ann. 
Mints,{A), 18. 084, ISOI ; 1.. R Ciuyt<*nde Morwuwjourn. 18. :UO,3S2, 1782, .1. J. RwUtt*. 
Om BlasrdrtU Antxifuhinde i Ktmkn och Stvkkhulin, lH2d; J. A. Hmlvall. 

ReaktioMproduJcU t'OH KoiniUorffthn mit nmUftn 'MtUitUuydfH btt huhen TrtHixmturen, UimmU. 
1915; P. N. lUikow, (’W ZUj., 31. 55, l!H»7 . K Ku,k’, Hrr., 20. 2I(V*. 18.87 : (). P. Watt«, 
Journ. Avur. Elftirothtm. Soc„ 11. 279. 1907, T. \\. H„hanl-- and K. K. U^K' n*. 

Aatd., 28. 200, 1893; Ckcm. StuA, 68. 24(», 2:>0, 1893; ('hen. Ji>urn , 15. .VH. |S93; 

P. Butini, NouvtUe^ oftsmxitwnn ei rfrh.nh^^ nthilvh^fufn itur la nuvimMf tin »ti d EfUi m. tntnrt 
df Hjl&'iionj mr lunum chiinixftti' dui (JriKW, I7SI . K. S. Slu-plu'rxl. ll. A. lUnkm. and 
K. E. Wnjiht, .47«cr. Jouru Sctfne, (4). 28 293, 1909; J. H KrivitM.n lunl ii. K. \1«-i«tn. lA.. 
(4), 48. 81, 1919; J. A Hodvall aii<l N. \t.u Zwaiilnrirh. Zet onor^. rw, 108. 119. 1919; 
V. U'nlu'r, Jmrn Amer, Ch<m. S.c., 43 29. 1921; \V. tJ. Palnwr. Pr.v. S,^., 101. A. 
175, 1922. 


'* H. M. OwKiwin and U. I). .Mml. v, Phy/> lx\r, (1). 23. 1, llKW; K WnU-kind, Zm/ xinoer. 
('hem., 18. 1309, 1905; Chem Ztj , Si. 329, 1>H»9, K. Arndt, ifc.. 30. 211. llHHi. .1. W, M.'Uor 
and F. Au.stin, Journ. ^oc. ( hem. hid . 26 380, 1»h> 7 ; W' (.' Andt'ri*on. Juutu ('hem. S,m\, 87. 
257, 1905 ; H. 11um\ .inn., 86. 283, l8.'»2 . H (' IVvillr, < 'omi>( iuiui , 61. 97.5, 18(1.5 ; 
A. i)itU*, lb., 73. Ill, 191, 270. 1.871 ; F. Knaiip, Ihniilrr'.s Joutn . 202. 51.3. |872 . H. .Srliwary,, 
lb., 186. 26, 1807 ; H. Davy, Khments of ('h^mtoil /'A ♦/<>.«(>/ A v, R»id<iti, 1820; .1, 1. PiMnHt, ,4«w. 
('Am. Phys., (1), 57. 190, isOO ; Suhtdeon's Jount . 16. 224, l.SOO. 

E. do M. CiHupiK‘11, JuHtn. Ind. htuj. ( hen., 1. «t05, llMit* , N Pairiunm* and t' MarroOi, 
Acmd, Linffi, (5), 30. i, (>3, 1921 , .1 U. MolKir. I'rotoi. (Vr. Stn , 16 8.5, 1917 ; (I. Kilwarda 

and A. Bigby, ib., 17. 110, 1918; A. .M S-n. Jifji Atv.iore /#<•/>(. .ifitim, 16. 158. 1910, 

H. lo CI)at<-hor. ( 'um/d. Hold , 102. 1213, 1883 

** J. Dalton, Neuj System of Chrmiail I'hibtnopht/, Manolio’ftor. l80H; It. Kirwan, KletnruU 
of Mineralogy, J»ndon, 0, 1784; O. Honrv, Journ. Hharm., (1), 13. 1, 1827; D Klour\, ib., 
(4), 28. 4(X), 1878; A. F\fo. Kdui. Vhxl. Joum , 6. .305, 1S21 ; H. Kri'acntiiN, l.ielog't ,l»in., 59 
117, 1847 ; A. Bincavi, domfd. Hcnd , 41 510, 18.55; V. licninrd and D. Khrmann, tb., 83. 1239, 
1870; F. Kolilrauach and K, Bone, Zot. j'loj*. ('hem, 12 241, 1893; A. Dnpro And M. BialoN, 
Zeit. angexv. Chem., 16. 54, 1903 ; 0. (' W liippU- and A. May«T, Journ. Infceiiou* Ihsrxisee, Supjd , 
2. 151, 19(M); K. liuU. Sor. ('h\w , (3). 33 031, P.K)5 , U. WariiiKton, Journ. ('hon. 

Soc., 18. 27, 1805; W. C. AndnrM.n, tb , 87. 257, l!K»5: .1 M I/ivAn, Zeil. anorg ('hem, 11. 

404, 1890; F. P. Tr('a<l«rll, tb., 37. 320. P.KJ3 , W lOnr atid (J. MuIjh, »A . 88. FlH, 1904; 

H. Preoht, Zot. final. Chem , 18. 439. 1879 . F. K. < ..iiK-ron and .1. M. B« ll. The Adu/n of W ater 
and Agxieous Solutiane ujmn Soil Carhonatfs, \\ a^l^lllJ^l<^n, 1907; (J. «1. 11 Karnton, Lfhrbxuh 


der Salinenhunde, Berlin, I8i< 

** C. Neuberg and H. Bewald, Jiiocfom Zot., 9 517, 1908 , Zeit holl , 2. .IM, 1SK)H, 

A. Brine, ,1mcr. Min. Journ , 1. 2n. Isl { . (’ ('. von I/‘Oidiar«l, Uandhurh tier Orykingtume, 
Heidelbi TK, .5.37, I.S2I ; U -I. llan\, Tratl< <l> vonhabxjtt, PnrI^, 08, 1822 ; F. S. RmmIhiI, TraUi 
elhnenUure de nuiUralogie, Pan.x, 487, 1821 . d Pier.r. Awer. Journ. Saertee, (1), 1. 54, 18|8; 
'r. NiOtall, th., (1), 4. l8, 1821 ; J. D. \\lntia->. Hoedon Journ. Sal Hmt , 6. 30, 184H ; F. Itain- 
melsberg, /%!/. Ann., 80. 284, 18.''K) 

SalzlxTgwerk Nt*n-.Stas-*fiirt, (tcnruin I'al . It H V. *5.1571, 1.890; («. D. IU'oh, / Ah. Mtig,, 


(3), 10. 4.54, 1837. , 

»• 1>. Grouvelle. Ann. ('him. Phys. (2). 17. 351. 1821; U. F. Marrhand and 1. Snhecrer, 
Journ ifrakt. ( hem., (1). 60. 38.5, 18.50 . 11 i: Pallen. Journ. Amer ( hem. Sis- , 26. l80, HH>3 ; 
A. de.Sehult«‘n.(5/f/»/»l. /iVm/.101.72, |885; C. FiimM, //«//. Nor. 3/in., 14. 74. 1891 (J A. Kenn- 
fiott, Vebersiciu der Hesnllate mxnerahsps, ht r torsxhungen, Wien, 120, 1805; A. W ei-hiieli, 
Seues Jahrh. Min., li, 1 19. 1883 ; O Lu. do. ke. Zot. Kryst , 7. 502. 1883. 

** F IleHsenberg, MxncraUsjisehe Sfdxzot, Frankfurt, 8. 4.5, 1808; .1. B. Dana, Amer. Journ. 
Science (2), 17. 83, 18.51; (1. .! Bruhb. >A, i2). 32. IM, 1801 ; (i. Bow*, Zext. deal. geol. fiejt., 12, 
178.18^1; (i. AininufT, Znf. A’rv^/., 66 .50ti. 1921 , (/W FOr. ForA., 41. 407, 1919 ; 

Bull. Soc. Sal. Moscou, 575, l8r;0. Joxnn. i>rakt ( hem , (1), 82. 308, l80l ; F. K. Mallet, i^in. 
Mag 11 211, 1897 . M. F. Mi ddle, xh . 2 27, 1878; A. A. Ixweb, (leol. FfJr. FCirh. SUHMm, 
7 733 1885- Pror Buss. Mxn .W , 20. 318. |885 ; W. Beck, t A., 87. 1802 ; N rues Jahrb. Min., 
408, lk3 ; 6. Mugge, ib., i, .57, IHhl ; i, 1 10, l89S , J.. Pcniwi, Bend. Acesid. Amen (li), 14. 
1905 ; V. von Zejibarovioh, M xnerabsjxsrhes Lexicon, fur deiM haiserthuju (JeMrrrexch, Wien, 2. 7J. 
1873; A. de Schulton, Cow/jf. /(enJ . iOl. 72. 1 88.;. „ ,, na 

»• J. M. van Bemmelen, Journ. j>ralt. Chon., (2), 26. 237, lHK2 ; Zext. DAm 18. m. 

1898 ; J. Johnaton, Journ. Amer. ( hem. Soc , 30. 13.57. l\m ; Zot. phys. Chem 62. .m DKW. 

»* A. dea Cloizeaox, Ann. Mines, (5). 11. 301, 1857; M. Bauer. Sitz/jer. Akad. If^^*n, m. 
1881 ; Seues Jahrh. Mxn. B.U., 2. 04, 1883. L. IVruwi, Bend. Accad. Lxncet, (5), 14. d. 83. 
1905 : U. Panichi, ib., 4. 389, 1902 ; Z^M Kryst.. 40. 89. 1904 ; B, Brauna, I he ojdtsrhen Ancnna^ 
lien der KrystaUe. Uipzag, 1891 ; (;. Ra lter. Seues Jahrh. Min., ii, 221, 1884 ; H. Konwibtwch, 
Mihoskopische Physiograpkie der Mtneralxen und (Jertetne, StuUgart, 1. 33/, 1885, 

« W W. Coblentz, PAya. Bev.. (J). 20. 252, 1905; (1). 22. I. 1900; J nveetigatums of the 
/n/ra-reJ .Sperfrum, Waahington, 3. 43, 118)0; J. Kdnigaberger. 

»• F. Beiierinck, Neuee Jahrh. Mxn. B.B., It 465, 403. 1897 ; W. Hankd, Ahhani. SSchs. 
Qes, Wise. lAtmig, 12, 1878; Wied. Ann., 6. .53, 1879; J. 0. Bone, Sature, 67. 353, 1898. 



m INORGANIC AND THEOBBTICAI CHBMI8TBY 

“ a Weltei«ii, /-«•»’» Am., 188. 13i, ISM ; B. H*»e, B«r., 17. MM, ISMj 0. Kn« ud 
% ii., 87. 3683, J904 ; F. J. Homeyer, Ajioih. Ztg., 17. 697, 1902 ; A. Kiauae, Otrman 
Pat.,D,R.PP. 168271,179781,1901; F Hinz, ib., 151129, 1902; E. Merck, ib., 171372, 1903; 
B, ib., 107231, 1899; Brit. Pat. No. 11634, 1899; B. von Foregger and H. Philipp, 

J<mn. Hoc. Ckm. lnd„ 26. 298, 461, 1906. 


§ 7. Bfagnositim Fluoride 

Th<! niificral uriluilf ia a native magnesium fluoride, MgF 2 , which 0. Striiver i 
found at Moiitiers in Frarn'c. It forms colourless or white tetragonal crystals of 
sp. gr. 2 0' ^ ; and hardness .V-^, A. and E. Scacchi found some crystals in the 
lava of the Vesuvian eruption of 1872 which they called helonesite or Monite, and 
which were shown by F Zamhonini to be identical with G. Striiver’s sellaite. 

J. L. Gay LuHsae and L. J. Thenard * dissolved magnesium oxide in hydro- 
fluoric acid. .1, J. Berzelius jirepafed magnesium fluoride by treating magnesium 
carbonate with hydrofluoric acid, or by precipitation from a soln. of magnesium 
sulphate by potassium fluoride. F. Roder obtained it by melting together 5 parts 
of magnesium ehloridi', 4 parts each of sodium fluoride and chloride ; on cooling, 
long iK'cdle-like crystals of magnesium fluoride are obtained. H. Moissan made 
magnesium (luoriih* by burning the powdered metal in fluorine gas—the combustion 
proceeds am: bmucoup d' eclat : A. Feldmann heated magnesium chloride with 
calcium lluoridt*, and digested the product with water acidulated with hydrochloric 
acid. The [iraduct obtained by dissolving the oxide or carbonate in hydrofluoric acid, 
or by passing gaseous hydrog«'n fluoride over magnesium oxide, is an amorphous 
powder which is not converted into iTvstals either by h«‘ating it with dil. hydro- 
chloric ai’id to or by the evaporation of its soln. in nitric acid ; but, according 
to A. (V)Hsa. it may be crystallized by cooling the fused fluoride, or by melting it 
with alkali chlorides- -these crystals resemble scdlaito. According to A. Scdla, the 
ciy-stals are tetragonal with the axial ratio « : c~l : 0 6590. 

The sp. gr. of artificial crystals of magnesium fluoride, dc‘ term ined by A. Cossa,^ 
is 2'857 (12"), and for the natural crystals the .‘«p. gr. vary from G. Struver’8 2‘962 to 
8153 (10") ; II. G. F. Schrikler gives 2‘472 as the sj). gr. of the' prccijdtated and cal- 
cined itowdc'r. The hardne.Hs of sellaite is about the same as apatit-c, 0. Magnoaium 
fluoruicc, said E. Beck, has the m.p. 1.396°, and it forms a eutiotic with 48 per cent, 
of calcium fluoride, melting at 945°. This eutectic appears to form mixed crystals 
with up to 17 per cent, of barium fluoride. There is a ternary eutectic with 15 
per cent, magnesium fluoride, 15 per cent, calcium fluoride, and 70 per cent, 
barium fluoride, which melts at 790° ; and by adding magnesium oxide, the 
ternary eutc'ctic i.s lowered to 764°. According to A. Guntz, the heat of for- 
mation (Mg, Fo^iig) -■ 67‘4 Cals. ; and the thermal values of the reactions 
Mg804-l-2KF--MgF2g„||(i-|-K2S04soin.“-087 Cal. at 10° when an eq. of the salts 
are present in two litres of water; MgOpp,i -f-2HFB„i„.™MgF2p{Ki.-fH20-f 15'2 
Cals, with an eq. of the acid in two litres of water ; and Mg(OH)2p{^.+2HFgat 
™MgFo-|-2H.,(\oiid+28-4 Cals. ; E. Petorsen gives Mg(OH)2H,.+2HF„q =^-12 
C^ls. Sellaite has a feeble refracting power ; the double refrac^tion is positive. 
E. Malhml, A. Stdla, and F. Zambonini found W sodium light indices of refraction 
between <o— 1’3775 and 1'.370; and c— p.3889 and 13897. Warm crystals of 
sellaite show a faint violet luminescence with cleavage, a pro|H'rty which is lost by 
calcination ; A. Cossa also found that the natural or artificial ciy^stals give a violet 
fluorescence when hoaU'd after exposure to the arc light. S, Datta studied the 
three groups of spectral bands of magnesium fluoride. 

Acconiing to F. Eohlrausch, a litre of water at 18° dissolves 0 076 grm. of 
the conductivity method—the specifle conductivity of the sat. soln. being 
0 000224 at 18°— but the salt is rather more soluble in ammoniacal soln. Magnesium 
fluoride in many of its properties recalls those of calcium fluoride. J. L. Gay 
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fiiwsao ani L. J. TWnard found magnesium fluoride is but slighUy soluble in loids ; 
.md J. J. Berzelius, that it is insoluble in hydrofluoric acid. A. (V>s8t ahowed 
that it is decomposed by cone, sulphuric a<'id less easily than calcium fluoride; 
and decomposed by fusion with alkali carbonates more easily than calcium fluoride. 
L. E. Rivot found it to Ih‘ insoluble in soln of ammonium or magnesium salts. 
The amorphous form, however, is more n-adily attacked than the crvstalbm* variety. 
H. Schulze said that magnesium fluoride is not decom|K)sed when calcinetl in oxygen ; 
A. Tissier, that it is not decomposed by calcium oxide; A, Cossa. that it forma 
fusible compounds with the sul[>hate8 of the alkaline earth.n, and that when calcined 
with beryllium or aluminium sulphate it forms the n'spective fluoridt*. W. Weldon 
once recommended the use of magnesium (luoride m the manufactun^ of m\ii ash ; 
and it has also been tried a.s an opacifying ag«‘nt in the mamifaoiure of glaj«. 

A. Tiasier,* and M. Netto pn*pared cubic crystals of sodium matplCtiunt flUOTO0» 
NaF.MgFo, by boiling magnesium hydroxide \Mth an at|. solti. of smlium lluonde . 
3NaF-fMg(OH)2-^2NaOH-f NaF MgFo. A tJeuther found crystals of Uie same 
product in the slag obtained in the preparation of magnesium siheide by fusma 
magnesium with sodium Huosilioal.' and . hloride, Tl"'' >* 

bj^^ouo,. sulphuric add, and hy mdk of l.me : (’sfOH), +2NaK.MgK. jiNaOH 
+C'aF,+ 2 MgK 2 . M. Ketto alw made 2NaK Mgh. hy fusing hr.\ahydrated magne- 
sium chloride or sulphate with sodium lliioride and oliliiride. Hnorfd* 

A. Uuboin prepared qiiadratie prisms of poUWum «»'>"“• 

KF.jigF, bv extracting with water the slowly cooled eake obtained 'O 
mixture of an exeeaa of potassiiini lliioride and inagniwiiim oxide at a tad iiat. 
' hflglium slowlv dissolves m the fused lliioride The s,,. gr of 
mstels is 2 8 (t)“); they are itecomposed by sulplmnc and liydroe.liloric acids 
if I large proportion of iuagnesiuiu oxide Is- us..d, a bard transparent rniuis of 
-KpS rCrmed of sn gr 2 7 (o'). H is eomplelcly decomposed by hydro- 
ehbric mid sulphuric ueiiis, and slightly de.»m|K.sed l.y the prolonged action of 
boiling water. 


IthFKItKNf KS 

A i AUiA^J, 

AVi^Tb l^;*K'z»mlsaunU^^^^^^^ l-.ri., 1811 ; K. UatU. 

koy. mu ^ 

162«5, 1887. « isr, . «4 197. IWKli M.m IWt'i! It. Felenam, 

• F. Kolilrauseh, ^eit. Jijy*. f Arm.. U. Wimer. dnanl. 

4. 384, 1889; H. S..|,l. !l. J. Ifenwlius. Pom- Ann., t. 

Torino, 4. 30, 1 HUH ; A. Mia, /im iV.nard IttchnfhtM Pari*, IHH ; 

22, 1824; J. L. Clay f'l ‘'V/'l. w ^ b. K Rivot, /Vorimott., 

A. Xeit. Kryst., b V ‘T ihnd 66 H4H 1863; A. CJuiiU, Ann. Chm, Phya.t 

Paris, 1. 199, 1861 ; A. liMsfor, ( E Mal^, AV. Min., 11. 'MYi, 1886: 
(6). 8. 39, 1884; E. I^k, U.’lVrhincy and W. Wrldon. ih., OIMW. ntl3f>. 

W. Weldon, Bnt. Pat. V', u^^raJoaia Vesut'iam.SnpiAi, 44, 1910 ; A. Iduwix, 

1884 ; 14653, 14654, 188/;!*. j ^ IHiW; H. 0. K.^krtider, 

Mineral^ d. la Franc. 370. iMtW; H. I>«tta, iVt.. /toy. 

Heidelberg, 1873, u, 

». A. 4.36, 1921. , RA k4H 1863- A. Ihiboin, f6., 1». 678, 1896 ; M. Netto, Zetl. 



398 


INORGANIC AND THEORETICAL CHEMISTRY 


§ 8. Magnesium Chloride 

Magnesium chloride is widely scatt<*rcd in nature ; it occurs in many mineral 
waters and in 8(*a- water. The water of the Mediterranean is said to contain a rather 
larger proportion than the Atlantic Ocean, and le sel, which is extracted from the 
salt gardens of the Mediterranean, has a more bitter taste than lesel obtained from 
those which arc conc^rntrated from the waters of the Atlantic. In 1825, T. Monticelli 
and N. f'ovelli ^ found umpima mmiata in the fumaroles and volcanic vents of 
Vesuvius ; in 1852, L. Pilla noted its occunence along with so^ura chloride in the 
crater cni.sts , and A. Scacchi found it in the eruptions in 1855 and 1872, and he 
pro[) 08 ed the name ehlnromagnenile, and assigned to it the formula MgCl 2 .xH. 2 O. 
r. Zarnbonini considers the magnesium chloride in these deposits is united as a 
double salt with the alkali chlorid<-. The mineral hmhojite, hexahydrated magne- 
sium chlori(l(', MgCl 2 .t>H 20 , found in the Stassfurt deposits, was named by 
(!. OclmeniuH in honour of G. Bisehof. It occurs in the carnallite, kieserite, and 
salt clay n'gioii.s, and it h .siippo.sed to be a secondary constituent formed by the 
action of \vatcr on carnallite. Magnesium chloride also occurs as c-arvallite, 
MgClo lvCI till^O, or KMgt.T, (lll 20 ; and as tochyhydrite, tachhydrile, or tachydrite, 
Mg(!l 2 ('a(.’l 2 I 2 H 2 O, or (Ca.MgiClVtiHoO, in the Stassfurt deposits. 

.1, L Gay Lii.ssac and L. J. Thenard ^ made anhydrous magnesium chloride by 
leading chlorine gas over red-hot magnesium oxide. The oxygen simultaneously 
evolved was attributed to the decomposition of chlorine wliieh they called oxy- 
rnuriatie ucid* a(;cor<ling to U, Weber, the reaction ]>roceed8 without incandescence, 
and re(|iiir('SH mticli higher tem{). than is needed for the aimlogou.s ri'action with 
lime or barvta. I* S Curie also made the chloride by passing hydrogen chloride 
over inagrit'sium .sulphide. A. A. B. Bu.shv and J. J. Berzelius made it ])y ])a.ssing 
eliloriiie <i\er a red-liot mixture of magnesia and earbon in a porcelain tube— the 
magnesimn chloride collected at tlie bottom of the tula* without sublimation The 
l)e Nordske Sultvfrker has a modification of tlii.s ])roces.s for working on a large 
scale. J. von Liebig, 11 Bunsiui, and J. A. Wanklyn and E. T. Chapman obtained the 
anhydrous chloride by burning tlie metal in chionne gas According L) B. Cowper, 
if the gas is (iiiite dry magnesium is not attacked by chlorine. J. W. Doberciner 
and 11, Bimscii obtained the anhydrous chloride by calcining dry ammonium 
magnesium eldoiide. 

U. lUinsi'ri H<l(le<l hiitVicieiit ammonium chloride to a soln. of maj/nc^^iuin carhonnto in 
hydreclilonc ecnl, to pre\enf the precipitation of ma>inc.sium hydroxide when aipia ainiiumia 
i.a added unlit the .soin, i.s alight ly alkuhiic. Any silica, ct<'., which scparati'H is filtered off, 
and the clear iKpiid is neutralized with hydrochloric acid and evaporated to dryness. 'I'he 
douhle Hnirnoiiiuni and magiiosium chloride so obtained is melted at about 4fi0'’ in a 
lles.sian crucible, m the bottom of which i.s plaeed a smaller platinum di'ih. When the 
nriimoniuin l iiluude i.-i all expellt'd, Iho magnesium ehlondo culleotH in the platinum dish. 

According to H 8t (’ Deville and H. Caron, and E. Sonstadt, the magnesium 
chloride so prepared frequently contains nitrogen, and, according to J. B. A. Dumas, 
magnevsiiini o.\ide. In a moditieatiou of the process, a mixture of magnesium 
oxide and aniinomnm chloride is heated, and more ammonium chloride added 
from time to tinie. M. M. T. K. Kaisha, and 1. Namari and Y. Hiraoka added 
ammonium eliioride and the oxide, hydroxide, carbonate, or oxychloride of magne- 
sium to a fused halide of a more electropositivo metal. The product was considered 
suitable fur eieetrolysi.s for magnesium. 

W, Heap and K. Newberv' made anhydrous magnesium chloride by treating 
the oxide or a salt with a weak acid— carbonate or oxalate — with carbonyl chloride 
at 5(K)“~6(X)'^. A mixture of carbon monoxide and chlorine passed over animal 
charcoal will serve the same pur|)Ose. H. J. Bull used carbon tetrachloride or 
carbonyl chloride with magnesia, or magnesite ; if dolomite is used, a mixture of 
calcium and magnesium chlorides is obtoined which may be used in electrolysis. 
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\ M. Goldschmidt chlorinated magnesia in the ]»n‘aence of sulphur or sulphur 
hlorides free from oxygen, and at found ti»at tli.' nsaotion went 

K'cording to the etjuation: 2MgO-f2('l., fS -SO, 4 

T. W. Richards and H 0, Parker lu .ited t)i»- drn'd anunonium nvagnesium 
chloride in a stream of dry hvdrogen chlunde aiul ohtant<Hl magnesium elilondo 
of a high degree of purity. The magiu'Mum chloride soln us<h 1 in th<' prt'paration 
of the double salt was purilied in the follow inu manner ; 

About 500 grnia. of iua;j:nesjum dd»>inlc wi ir wu witli hytlro^en M»li>hul«', h wmall 
rtuiount of ammonia wa.s an<i Ih** wajt allouiHi (n siami m a Mtum jOaee for 

'several dayi». To the fiuj)cniatani liquid aiti t «l«i>iuitHtion a muhII quantilN of v«'i\ imre 
ammonium oxalate wiw added '1 he luariK MUin chlori<le aJiuost wliolK fn'eil from 

caieiurn \va.s again d<‘<‘anli d : and alt^'r iiuue ainiitoiimiii oxalate had Iv'eii luldt'd, (he 
whole was allowed to .stand, and the clear hc|uid waa \c( once uioj^* d<s anlcsl I’he aedn 
w'a.s then ('va{Hirated to di\iu>ss, and (he n suhin;: eaki' diu-cl in an o\en and igniUni in a 
platinum dish 'I'lic' nuMnic' of magnonnu cxide and c»\\i hloiid.' (hiis ioitiwd was vvasluM} 
with the nul of a iilter ])ninp for about s|\t\ hoiii^ \t the caul ot this tune, although the 
wa.sh water eoiitained no sodium, tlu- lll‘•olublc‘ pic'c-ipitatc' waa not fixcc* troiii that iiietnl, 
The jirocipitato wa.s thereioix' dissohcsl m h\droc hlone aeid. |m'\ionslv distillcsl in platinum 
for tile purjiose, and the soln was tiltcueil In order to cdiunnatc^ (he Kodiuiu, a pcutiou of 
the iiiagiiehium waa jircs ipitatc d b\ passing into (hc> soln. a eurient ot auinmnia gaa. 
The precipitate foniUHl hy this \er\ wastetul prcM-css was waalusl for w'veral da\rt, at the 
end of which time it was found to be fics> Horn any apprcs'iable ttac'ca ol aodmm and potaa- 
Buim, when tchted with the; Hpc'Ctrc^ope. Ihc* pres ipitatc’ was them disHolved m hydro* 
chloric acid. 

In the luliorfttory a soln of magiiesiuni ehltiride is imide hy dissolving magnesium 
oxide or earhonab' in hydroelilone arid It can also be made li\ a proevss analogous 
to that (‘inploved by A .1 Balard for sc-|mrutmg (Bauber s salt from sea-water, 
namely, by cooling a cone soln of nutgne.smm sulphate and Rodium ehloritlo 
w’lit'reliy sodium sulphate er\stalli/eti out, aii<l inagneMum ehltiride remains in soln. 
According to L. Michtds, the liNtlratc-d salt is inath* from tin* mother litjuor remaining 
after extracting jiotassiuni ehlorule fioin the Stassfurl salts, this is evaporatt'd 
until its sj). gr. is alKiiit 1 dTo. and then allowed to cool and crystallize, Iho 
Rvrupy vidlowMsh-browii mother IcjUid <'(>iit«uns hromideH, llic crysUtls, 
Mg(:i 2 are melted (about pKi }. ami they are at the same, tune partially 

dehydrated and partly o.vidi/ed to an o\\ehlorid«-. The mixture forum soim of 
the magnesium chloride of eojiunerte Magnesium ehloride could Im* ohtaini'd as 
a by-product in one of W M eidons pro< esses for ehlorim* , and in fc<. Holvay s 
ammonio-soda jiroces.s if inagnesmm onkI** be used t<i decompose the ummoniuni 
chloride. K. S. Boynton and eo-workers di,M u.ss the recovery of magm-Bium tdiloride 
from sea-water, where it is obtained as a lA-jiroduet in the extnmtion of salt, 
H. H. Dow and K. 0. Barstow ])rojt<t,''ecl to rc-ino\e ealeium chloride from niagnesiuni 
chloride brine by precipitation as eah mm suljdiatc, ( ( Icrc and A. Nihoul added 
calcined dolomiUj in powder to a soln of magnesium chloride, and found magneBia 
to be precipitated and cah iuin thloridi- to jtaas into Boln . , ■ i u 

The hvdrak'd salt cannot be d.-hvdrated without a loss of hydrogen chloride by 
simple he'ating. According li Biandes, the loss of hydrogen chloride begins at 
106^ and, according t.) H. Urimshaw, at i 17*- or even lower Uunp. H. Hof deU‘CttMi 
the formation of hvdrogen chloride at i:»7 when soln. of magnesium chloride aib 
evaporatt-d under conditions wie-re tin- suiicrhcHting of any part of the soln m pre- 
vented F P Duiinington and F. \V. Smither say that all but one mol of the watt‘r ot 
crystaliization can be expelled at ‘.»8 without decomposition, and that the principal 
loss of hydrogen chloride ort urs during the exjiulHion of the nmidual water. 
E Solvay has patented a pnaess in whit h an approximation is made by heati^ 
the hexahydrated salt to 120^ until m per cent, of the wator is expelled ; the 
residue is then much more resistant, and it can l>e heated to a higher temp. 
much loss as hydrogen chloride ; or the hexahydratod salt can be beatod until 
about 50 Tier cent, of the water is cxjiclled, and the molton salt then broken into 
BxnaU fragments and heatod between 300" and 40(P in a stream of dry air. In the 
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Salffeergwerk Ncu-Stawfurt’s proceas, it is claimed that the he^ydra^ salt can 
be dehydrated without much loss of hydrogen chlonde by heating it to about 
175® in vacuo. E. Sonstiwlt and W. Hempel recommended dehydrating the hexa- 
hydrated salt in a stream of dry hydrogen chloride. H. J. Bull used a stream of 
carbon tetrachloride or carbonyl chloride at 500®-600^ H. H. Dow has described a 

C M for dehydrating this salt. If magnesium oxide is once formed, J. B. A. Dumas 
it to be difficult to chlorinate subsequently the oxide. F. A. Gooch and 
F. M. Mcrimahan say that the pa&sage of hydrogen chloride lias no influence on 
the speed of dehydration of the first third of the water which occurs at 100®, but 
that it retards the dehydration Ixdween 100® and 130° ; and ^ttccelerates it above 
130®. The hydrolytic dis-sociation of this salt is not very marked below 200® in air 
or in hydrogen chlorich*. F. A Gooch and F. M. McClenahan found that one*third 
of the combined water can he expelled from the hoxahydratod chloride easily with- 
out hydrolysis, hut the remaining two-thirds can be driven off only when aexom- 
panied hy hydrogen ehloride, and th<*y explain this by assuming that two-thirds of 
the combined water is more intimately associated in the mol. complex than the 
remaining third. They iliii.Htrate this grapliically : 

If H H H H H 

0 , ( '!_( ) .. O-Mg-O- -0— Cl = 6 
If If H H H H 

Compare this,with the behaviour of hydrated barium and aluminium chlorides. 

J. L. Gay Ln.ssac and L. J. Thenard ^ described anhydrous magnesium chloride 
as forming a white transparent mass of large lustrous crystals with a sharp bitter 
taste, L. Playfair and J. P. Jouh* found the sp. gr. to be 2’177. H. St. C. Deville 
and H. f’urori say that the salt may be distilled in a current of hydrogen, forming a 
distillate resemlding butter, whhdi forms a mass of crystalline plates on cooling. 
E. E. Somermeier found the heat of dissolution of a gram-atom of magnesium in 
1101+10151120 to ho Cals. The melting point is 708®, according to 

T. Carnelley, and the f.p, 71 1®, a<Tording to 0. Menge. J. Thomsen gives the heat 
ol formation, (Mg, CL), I5l Ol Cals. ; (Mg, CI2, aq.), 18(>‘93 Cals. ; (MgCl2, a(|.), 35-92 
Cals. ; (Mg, CI2, bmp), 1331)8 Cals ; (MgCL, baq.), 32 07 Cals.; MgfOH).^,,,) +2HClay 
-=27'(iO Cals. (}. K Huttig gave 2 325 at 25°/4®, for the specific gravity of anhydrous 
magnesium ehloride, 2 315 h»r that of the iinmeltcd and ]>orou8 salt ; and, assuming 
the sp. gr. is 2-32U, \V. Blitz gives the mol. vol. 41 -05. The heat Of solution of 
MgCL.biloG in PK) niois, of water is 21)5 (’als., and P. Sabatier gives the ht. of 
soln. of MgCl2.bH20 at lO-ff'^is ()-4 Cals. M. Berthelot and L. Ilosvay de N. liosva 
give for the heat of soln. of magne.siumchloride, MgCl^at^®, 35480 +O-(HX)O79()(0— 15®); 
and for MgClo.bll.^O, 28004-() iHX >025(6/— 15®). R. Gorgey found for sodium light 
the indices of refraction a 1 195 ; j8 . l •r)07 ; and y - 1 -58. W. Hampe says that 
the molten salt is a good e«)ndu( t<)r of electricity. 

According to H, Schulze, -♦ magne,siiim chloride forms magnesium oxide when 
calcined in oxygen The reaction has been disciLssed in connection with the pre- 
pajatiou of i-ldorine, or of hydrogen chloride. F, Haber and F. Fleischmann 
represent tin- equilii)rium eon.stant K,, of the reaction : 2MgC)2+ 02r=^2Mg0+2Cl2, 
by the expre.s.sion logn, A’,, I9.')0r' ^ — 1-87 logjo T+7 01, where Kp is equal 

to plpo^, where p demotes the partial press, of the chlorine, and p^ that of the oxygen. 
Aeeortling to W. Moklenhauer, the following are the values of Kp and the corre- 
sponding percentage' amounts of oxygen and chlorine by volume calculated from 
the cone, of oxygen (’o-llK)~C, where C is the cone, of the chlorine ; hence 
A'p-C/(ltK)-C)» : 
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.fioHn m Fig. curve 8 lH)w^ t]„. ^miIuj oKtiuiu‘<i Ju^r 10 hr*, lusting 

and lUustratM the tardiness witl, «l„. l, ,.,|,nl,l,n,.n. ,h stumed at the'lower te«^ 
lho>at 8 of formation of magiu.siumehl..n,le i, i:,l t'sis . and id niagm-amin oxide, 
143 * 3 ; consequently the thermal value (»f the n a tion : Mgi^la fO MgC fClj 
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— 7*7 Cals, at constant i»re!<s. The valu<' enn»|>uU'd frotn «l, 11 vau t IlttlT’a f'ljuation 
between 550 ® and Or) 0 ® is : * 


or 0 =— 5 G 00 cals, at about and at room teju))., ulwfut —7400 caU. 

J. W. Ddboreiner also showed that niagneMum chloride is dewmij>ow;d whfin heated 
with potassiuin chlorak' ; and by waO r \a]Hmr. 

The action of steam on magnesium chh»nde lias Iw'en studied by W. Molden- 
hauer. The com])ositiun of tlie s».lid re.Mflin* at difTenmt temp, when niagnesium 
chloride is heated with steam is . 


L'.Mt .'HMt' 

a-'rO’ 

4 UO" 

rtou 


7 S 2 72 U 

77 7 

04 :) 

44 H 
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7 3 

11-0 

0 8 


ill pcrc'iitagf.s oi 

f volume : 
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(JOO" 

700 * 

y 210 00 5 

09 4 02 15 

50 2 

76 1 

90-2 

•1 70 0 33 5 

30-3 37-85 

49 8 

24 9 

9 8 


The resulta are plotted in Fig. Ul W >loldenbau.-r attpbuU-s the j.henomena to 
ohanges in the composition, tl.e solid pliss.' hi ing such that the amount of hydrogen 
chloride in the reaction hctw.'cn steam and magnesium chloride steadily iiioreases 
up to a maximum between and ;»l ; Iwtween 3 M)” and .W, inaKiieiildm 
hvdroxvchloridc Mg( 0 H)CI. is (ormed by a reaction which decreases the pro|iortlon 
of hydrogen chloride in the system ; the e.|uilibrium «>■ « tlien n.prewn^, 
Mgci+H.Oe:eMg(OH)C'l+llU : Ix-tween MSI' and .010 , the hydroxyolilonde, 
IfctOmcC decomposes; and almve this temp., the equiUhrmm reimtion la: 
Sci,-fH. 0 we 2 HCl+Mg 0 . The curve lietween 200 and AMI is uncertain IxicauM 
of the loii time required to attain e.iuilibnum. The equilibrium wnstant K m 
l‘t^£:‘"‘M;i^+H,O..Mg,<.H,il+HCl, when f 

bracketed terms represent concentrations, “ ^ at 400 , and 01 at 500 ", 
ao that from J. H. vant Hoffs .Miuation, the heat of the reac^tion between theie temm 
is 5100 cals. Similarly, the equilibrium constant K in the reaction MgCIg-f H^O 
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*=»MgO+ 2 HCl, when A=[HC 1 ]*/[H 20 ] is A-226-5 at COO", and A:==830-2 at 
7(10 ° ; and the computed heat of the reaction is ■~22(KX) cals, on the imperfect 
assumption that the sj). ht. of the reacting substances are independent of temp. 
From the thermochernical data, MgCl 2 “f-H 20 =MgO-f' 2 HCl, —1)1000— 57(XX) 
■f 1433(XJ-f-44000~--“207(X> cals. Tl»e reaction involving the formation of the 
inbTmediate Mg(OH)(d is exothermal, the other reaction at the higher temp, being 
endothermal. 

The solubility of magnesium chloride expressed in grams of MgCl 2 per 100 
grms. of soln. between 0 " and KXJ , where the solid phase is MgCl 2 .GH 20 , is 

0“ 10‘ 20’ 40“ 00“ * 80“ J00“ 

MgCl, . . .■?4T> .^4-9 :i5-3 36'5 37 9 39 8 422 


The solubility curve covering the range between 50'’ and 2(KJ' is illustrated in Fig. 11. 
The solubility with ice as the solid phase falls from 11 1 per cent, at —10' to the 
^ eutectic JJ with the solubility 20 6 per 

ill 1 [ j I ^ I cent, at 33 6 ’ ; when the solid phase is 
' [ 1 f ' a mixture of ice and MgCl2.12H20 ; the 

J6d i j ’ ‘ ’ j ' ti/ i solubility with MgCl2.12H20 as the solid 

I , ' . ! I phase then rises to 31 0 per (;eut. at 

a j j I M 7 I — -16’3 , C, where the solid phase is a mix- 

I I ; I ; V M ture of Mga2.12ll20 and a-MgCVbllgO; 

I 1 ' i I /I f ttt 17' 1", //, solubility 32 3 per cent. 

M I 1 I 1 ^ ! i phases are MgCl2.12H20 and 

j ! I y ! ^-MgCl2.3H20; at — IU'4 , A', solubility 

^ j ' w i ^ cent., the solid phases are 

^ id I |/ - } MgCl2.i2ll20 and MgCl2.GH20 ; at — 

I / i «/, solubility 34 0 per cent., the solid phases 

. \ I i are jtl-MgCL.HH^O and MgClg-GiLO ; at 

^ ! — ~d'4 A\ solubility 34 ’ I per cent., the solid 

-id - i are tt-MgCl2.8H20 and MgClo.(iH20, 

-id ' 1 1 1 _L L- last-named salt is the solid phase 

0 ' /b jo~ 'id' so' 60 from — d -F' to llG-7", when the solu- 

L, ,, o , t , Ib'2 per cent., and the solid 

I'm. 11. N>lub,la,-^turvo,olM«gn,.-a,m lilljO and 

At 152‘G"’, the solubility is I'J l per cent., 
and the solid phase is MgCL.tlLO; at it, solubility 55'8 per cent,, 

tlie solid phases arc MgCla-llLO and MgCl2.2ll20. At 18G' the solubility is 
5G'l ju‘r cent., and the solid phase is MgCl2.2H20. The maxiniuiii in the 
curve at -Ul -l 1), represents the ni.p. of AIgCl2.12U20. The system at 
//, J, K, IS not stable and represent uudercooled soln. 

There are at least six ditferenb hydrat<‘.s of magnesium chloride, indicated in 
Fig. 11. J. II. vun’t Hull and W. Meyerholler^ found that dodecahydiatod 
magnesium chloride, MgCl 2 . 12 H 20 , is formed when a soln. with more than 12 and 
less than 20 mols of water per mol of Algt’L, is cooled to -30 ' or —35 ; or by 
adding a piece of solid carbon dioxide to an under-cooled soln. MgCl 2 -|- 12 H 20 at 
—20^ A. Rogorodsky cooled a soln. of MgCl.^'flllH^G »t —20’, and added a little 
of a soln. lMgt'l2+12H20 cooled below' — 20\ This salt melts at — IG'7" to a clear 


liquid. Ihe crystals are lighter than the mother liquid, says A. Bogorodsky, and 
it is not usual for an increase in volume to be observed in the formation of a hydrate. 
J. H. vau’t iloll and W. Meyerhoiler prepared octobydrated magnesium chloride* 
MgCl 2 . 8 H 20 , by allowing a sat. soln. of MgCl 2 .GH 20 to stand in contact with the 
solid phase between —15° and -20°; or by cooling a soln. of MgCla-fluHgO to 
— 20 °, and removing the mass from the freezing mixture, the dodecahydrated salt 
disappears and the octahydrated salt remains os a coarse crystalline powder which 
when mixed with the original soln., and cooled to — 10 ° or — 12 °, forms thick 
crystalline plates, which decompose at — 3’4°; A. Bogorodsky says — 9 ’ 8 °. The 
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MAOXESIUM 

Sdi ‘ m'^pT'^h !r "‘ " ‘ ^ '* ^ ’• HexAhjirtt^ maiaMiiiin 

^o^e, Mi,Cl2.t)H20. .■rv«tullii!..s fn.ni a.j suli, U.|w«.u -;i4 u^lmor 
Accord!^ to J 0, «. d. Man, „ U,nL pna.nat.o m , ala with 

ami rafos « : 4 : c=l 348 : ] : o-,s,s, 3 ,- k,| 1,„1 g.v,.", 1 J, 

1 at ord.nat>’ U'.,.,, , and for l„,r |.,.„„., ('. 0<|,s, n,ua g.v-a I d:, al -Ifw' 
J. Dewar found a sp gr 1 (io3;,, a.al I,,. , o,„put« the na-an ......tT of tl„ r.nal ..xpui.- 

mo« between ir and -188' ,0 I,,. „ ,a»,lo73 J 1|. van t Hoff and H M l)»il 
have eMnimed the loweru.t! of the f.p of tins aalt in tin- ,,n.a..ne,. of annnoniinn 
and alkali chloridea ; with potassium aiilphate then- is a raisine of the f p owiiiii 
to the formation of kieserite ; h,-.vahydrated mae.i.-smm hromid,- forma mixed 
crystaa with hexahvdrated maKiiesiiim ehlorid,- The ervstals d,.|iqiies.e 111 air, 
and VV. Mullor-liirzbuf li found tin* \aj>. j»n t<K t<» bt- from (Md2 to 0(d(l of that of 
pure water. P. Bary Btalos tliat tlu' (•r\^tHl.s aro pluKHj.lHtr«'s.‘ont wbfu o.\j>osod to 
Bontgen K or Becquend 8 ^a\^ Jl Daw luttod that, when thia .salt is «it‘h\ dratod, 
It loses hydrogen chloride, fornunu tnagncMuiu oxide along \Mth the e blonde’ 
According to R. Brandos, the crystals begin te htse hydrogen chloride at HKl , they 
partially molt at 112^ and coniplettdy melt at JIU^’. ('. Przibylla gives 110 1 ir 

for the m.p. of bischolite. The phenonifiia attending the «leli\ dralioii of this Halt 
have boon previously disiuissod 11 Ijowo ur propurod t6tr&hydrftt6d luftgnssiuiii 
chloiidOt MgClo by jiahsiiig h\iln»gou ohiorido into a soln, of niagiit'siuiu 

chlorido ; P. Sabatior, and \\. -Muller- Kr/J>a( ]i, bv «*xpoHing tin' In'xahydruted salt 
to a dry atm ; J. 11. van t llolf and W. .Me\,‘rholfor, by drying tho hexahydratt'd 
salt at lUU" to a constant wmght . or b) molting tho hoxaliy<lrat,4'd sali at I.’iO in a 
curront of air ; whoii tho composition approximates to MgCl.^ bblliiD, cooling slowly 
to 117 '; warming Id) l.X) and pouring oil tin* mothor Inpml .\ Ditld* mado 
dihydrated magnesium chloride, MgCL.^lPo, by saturating uith bytlrogen clilonde 
a watdT-oooIod soln. of magnesium t lilorido , ami by adding aiihvdroiiH mugneaiuin 
chlorido to cone. li\ilrochloric a< id without uliowiug tho td*mp to riso. ,1 Jl, van’t 
lloll and W. MeyoriiolTor mado tho dihtdratod salt by ]»assiiig dry b\drogou olilondo 
ovor tho tot rahy draft'd salt at llo , Tin* or\stttlliiio plates aro very di'liqm'Hoont, 
and, according to W. Muller-Erzba< h, ha\oiMMildth of tin* vap. press, of water. 
W. Moldonhauer made monohydrated magnesium chloride, MgCl,^ ll^O, l)y pasning 
hydrogen chloride ovor tlio hoxa]i}drat4'd'.sHlt for 1 ti hrs at J.T) until there m no 
further loss in weight ; the same ro.sult was obtaiuod by 12 -H hrs. boating at 1 10‘". 

Tho specific gravity of atj. soln. of magm sium chlorido lias boon detd-rmiiiod 
by D. 1. MondoIoolT,“ K, Ivigol. P Kremors. Jl Seliill, A. ('. Oiidomaiis, and 
G. T. Gorlacb at l.j , and by G PuIm rimn li* r, 11. T. Barnes and A. P. Scott, at (T 
and 20". According to G. T. Goriaeh, at l.V, 

Ter cent. AlgC'I,. I 5 lo 15 20 25 .‘Ul 35 

Sp.gr. . 1 0084 1 0412 1 Os:)U 11311 I 1780 1 2273 1 2704 1 3340 


W. Blitz gave 2‘d25 at 2571^ for tin* sp. gr of fused inagnosium < hlorido, and 
2’31G for the unfusod porous salt, -Vccordiug to G. J. W. Bremer, an empirical 
relation between tho sp. gr. D and tie- percentage compoHition p is /> 1 j (i (lolij 72!l/i 

-f-0 U0(,l0o.')t>7p* ; and tho sp. gr. 1) at the te*mp. 0\ is 1) />o(l- aO W'-), whore 
D^) represents the sp. gr. at 0 , and u and 6 coiistaiits, tlio former of which is groab'r 
in value and the latter sniallor in value the more lom*. the stiln. The expansion 
curves of the different soln. mt4*rs4'ct at approximal^*ly tjO'*'. According to N. A. 
Tschernay, unit volume of a soln. ^ becomes U(lDl3y4d 

-f 0 000U028y2d*, and for MgCl^ t- - -- 1 -fO (XXiU0«86/ -p 0 06311220*. 
J. Wagner’s values for the viscosities of lA’-, {A'-, and A'-kuIii. of luagiiesiuin 
chloride are respectively 1*020, 1 044.’>, 1 *0940, and 1 2<Jl5' - water unity, 0. Pulver- 
macher also made some measurements. F. E. Bartel) and U. E. Madison studied 
the osmosis of soln. of magnesium chloride through animal membranes; and 
F. E. Bartell and L. B. Sims, through collodion. F. E. Burtell and D, G. Carjienter 
also measured the rate of osmosis. 
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According to J. C. G. de Marignac,? the ipedfic httU at 32'52^ of a aoln. of one 
mol of magnesium chloride in n mols of water is ; 

n ; . . IB 25 50 100 200H,0 

8p. ht. 0 6824 0*7716 0*8665 0*9235 0*95M 

MoJ. ht. . 249*4 421*0 862 1750 3545 


G. Jager found the hoftt CondnctiTitios of 11, 14*5, 22, and 29 per cent. soln. of 
magnesium chloride are respectively 94*9, 91'7, 89 0, and 85‘4 (water=100). Accord- 
ing to W. Muller- Krzbach, the ?8P0nr protfUIOof a sat. soln. of magnesium chloride 
is about 0‘27th that of water. S. Skinner has measured the'boilmg points of aq. 
and alcoholic soln. of magnesium chloride ; and E. M. Baker and V. H. Waite found 
that U. Diihrung’s rule applies to the boiling of aq. soln. of magnesium chloride. 

H, C. Jones and F. II. Getmau, and J. H. van't Hoff measured the freezing points 
of the soln. 

The refraction and dispersion of soln. of magnesium chloride have been investi- 
gated by 1*. Barbier and L. Roux.® For the difference between the refractive 
index of the 8oln.,/i, and that of water, /io. for soln. with JMgCla per v litres, D. Dijkcn 
found when e—l, /i~-/xo=0 011957 ; and when i’=128, /ii— /i^~0*(X)010l3. 
0. Pulvermacher measured the refractive index of soln. of magnesium chloride. 
The electrical conductivity has been measured by S. Arrhenius, 1*. Walden, and 
others. H. (J. Jones and co-workers found for the mol. conductivity, /i, and the 
percentage degree of ionization, a, of soln. of magnesium chloride with a mol of 
the salt in ^ litres of water : 


V . 

V 


4 

80*2 

280*6 

64*9 

60*3 


8 

87*6 

303*8 

70*9 

65*3 


32 
99 9 
364*8 
80*9 
78*4 


128 
110 3 
401*6 
89*2 
863 


512 
115*7 
433*1 
93 7 
93 0 


2048 
120*3 
465-6 
97*3 
100 0 


4096 
123 5 

100*0 


The temp, coeff. of the conductivity were also comput<‘d by H, C. Jones and 
A. F. West ; and the degree of ionization, by G. Kummell, and K. Dri'ickcr. 
8. Arrhenius comput<?d the heat of ionization in a U*1 eq. soln. at 35" to Ix' —651 
cals. Data for the transport numbers of the ions have biM ii measured by W. Hit- 
torf, W. Bein, A. Chassy, and B. D. Steele ; and S. von 1.4isczynskv and S. von Gorsky 
worked with soln. of magnesium chloride in pyriiline. F. F Bartell and 
1). C. Cuq)enter measured the difference of potential of water and soln, of 
magnesium chloride separated by a yiermeable membrane. S. Meyer gave 
— 0*420 X 10"^ units per gnu. or - 0044x10''® units per mol for the magnetic 
susceptibility of anhydrous magnesium (ddoride, and for the hexahydrated salt, 
—0*347 Xl0“* units per grm. or —0*092x10"® units per mol. 

According to F. Marguerittc,*® gaseous hydrogen chloride does not precipitate 
magnesium chloride from its aq. soln., but R. Engel, and A. Ditto showed that this 
statement is erroneous ; the solubility of magnesium chloride is considerably 
diminished by hydrogen chloride. Expressing the concentrations in grams per 
100 c.c. of soln., K. Engel found atO", 


Tor cent. Ha .0 1*49 3*46 6*20 10*39 6*31 21*42 27*71 

Per otyit. JIgC'l, . 47 42 46*48 42*86 39 30 33 83 28 64 22^3 15*20 


and a soln. sat. with hydrogen chloride dissolves 6*5 per cent, of magnesium chloride. 
The solubility of magnesium chloride in the presence of other s^ta has been in- 
vestigated by R. Lowenherz and by J. H. van’tHofi and co-workers in connection 
with their studies on the Stassfurt deposits. 

/IfeoAof of sp. gr. 0*90 and 0*871 dissolves resjpectively 20 and 50 parts of magne* 
sium chloride per 100 c.c. of solvent. S. £. Simon found that heat is evolved 
when anhydrous magnesium chloride is allowed to act on dry methyl or ethyl 
alcohol, and on cooling the soln. with a freezing mixture compounds with alcohol 
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of oiT^UiMtion separate in deliquescent <Tvstal»— e <i. IBMlUtflim Chloridt hm- 

chloride bexe-ethrlHktoaholati, 

Mgvl2.oC2n5Uil. L. Kahlennerg and J*. ('. Krau>lioff fm«i tin* vorv low aohibiUtV 
of magnesium chloride iu anhydrous pyruh,te and lU ^n'atcr soluhildv in |.yri«Iirie 
wth 3 or 4 per cent, of water n^senil.hw that of » aleiuin and strontium chlufidM in 
the same menstruum. 

According to W. is. ( larkd^ maf^ne.sium rhlonde volatiii/es when heated in a 
stream of anunoniti, leaving a residue of magne.smni oxide ; the Huldiinafe is mifOd* 
ntun t6tr minun Q«Chlorid6> Mgtlo INH^. wlneh on e.\jH»sure di'eoiujioses rapidly 
with the loss of annnonia. hut wlneli ean 1 m' suidimed in an atm. of ammonia. 
MagMSmm hB lMnm i n O-chloridOt Mgt le, analogous with ealemm ht'XamininO' 
chloride, was made by F. Kphrann; aeeonlmg to Matignon. ^he ht‘a1 of dis- 
sociation into magne^om diamniino-chloride, Mgt'l., 2NHs. and ammonia at 142^ 
is 13'07 Cals. According to \\ . Hdtz and (J. K Huttig. the dissociation pn'ss. of the 
hexammines could not lie determined lH*eaus»‘ of the formation of mixed ervstala 
or solid soln. of two ammine.s. (J. Spaeii ami H. Hipan obtained a eolonrless erystal- 

line powder of magnesium pentammino-aquacnloride, iMgfNHslBHaOlt’ij, by 
passing ammonia into an aleoitolie soln. of magiieMUiii (dilorule at ordinary temp. 
\V, Blitz and G. F. Ifiittig found that the heat of formation and ab.H<dute temp, 
at which the dis.soeiation press of magnesium diammiiio ehlorule is IiK) mm, 
art' respectively 17’<) Cals, and . suiithirh for magnesium ammin(M!hloridet 
Mg(NH8)Cl2, 2tl‘8 ('als. and 573 , tJ N Anfonotf ma<ie the doiihle eoiiipound of 
magnesium chloride with h\drox\ laitnne, magnesium hydroxylamine chloride, 
MgCl2.2NH20H,2H.20. If Niggemann found that when a mixtun* of air and 
ammonia was passed into a soln. of .‘si grins (*f he.xahydrafed magnesium chloride 
in 5<t c.c. of waU'r at tKl , a precipitate of niagin'sium hydroxide appeared in 
about 15 mins. The soln, still eontaine<l j(i*5 grins, of Mg(,l2.()H2tl when sat. 
with ammonia. A mixture of annnonm and enrlMUi dioxule gave an nnniediati^ 
precipitation of magnesium carlHHiate. (r Spaeii made eoniple.v salts of magm-Miurti 
chloride with pyrnline and triefhxleiie dianmone. 

The ready hydrolysis of niagnesiinii chloride soln., as in the case of soln. of 
beryllium chloride, has led to the pHsluction <»f a number of basic, <ddori«les or 
magnesium OZychloridM. Tie* arginnent.s for the indivhluaiitv of these, produota 
have l>cen based on cheniKal analxw.s and are m»t thendore satisfactory in the light 
of our present knowledge The <'rvstHlline j.m'ipitute, dc|K)sited by ainnKfiiiacal 
soln. of magnesium chloride, after waHlniig with water gave (i. K. |)avis iiuiuImts 
in agreement with 5Mgf) Mgt 'l , bill d) : G. Krauw obtained a prcnluct 
10Mg().MgC’l2.18H2O; and (’ IVtMler. 5MgO .Vlgt’h^-^liA and !tMg0l2 xHaU. 
G. Andre found that needle-like crystals of a [»roduet MgO.Mgt^ lbUjiG sejiarate 
when a boiling soln. of lUJ grni.s of hexslivdrated magnesium <‘hloride and 20 grins, 
of magnesium oxide in 500 grms. of water is tilteixal, and allowed to stand 24 hrs. 
When the crystals are dried in va< iio. they have the (’omjiosition MgO.Mgfl.^ HjjO, 
The crystals are decompos<’d by water and ahudiol. The product MgO.Mgt 'Ig lf^O 
can 1)6 resyniboliw'd Mg((>lf)2.Mg<.’l2. .Mg{OH)(l thus recalling W. Molden- 
hauer's intermedia^; product in tin* a< turn of sti-aiii on magnesium chloride betweep 
35(f and 5(X>‘ . The product MgO Mct'b i>n‘parcd by calcining to .'KXI^ an intimate 
mixture of eq. profiortions of magnesium oxide and aininonium magnesium ( hloride, 
c^ii also be 8vml>olized Gl- Mg Mg Cl. G. Andre calcuiat4‘H the heats of forma- 
tion (MgO.Mg(32) to l>e7'72 Gab, ; (MgG.MgGl^+OHjOnfrfu), J'68Gals. ; {MgO.MgOl^ 
d-lGHgO), 158 Cals.; and (MgGla 137 f.’uls. A mo) of 

the product MgO.MgGl2.6H2G dissolves at 9* in dil. hydrochhiric acid containing 
two mols of HCl, with the evolution of 18 Cals. ; and under the same conditions, 
MgO.MgClo.lGHgO develops 11 f'als. Since the magnesium oxyehlorides are 
decomposed by washing preparatory to the analysis, and if not washed, they will 
be contaminated w'ith mother liquid, W. 0. ^binson and W, H. Waggaman 
attempted to detennine the comjKMiition of the Jtiasic chlondea, and the ranges of 
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cone, of the soln, over whieh they can exiat, by Btodying tolvhility of magnmnm 
hydroxide in soluliom of magnesium chloride of different cone. The percentage 
amounte of niagneBium oxide present in soln. of inagnesiuin chloride at 25°, are as 
follows : 

Per cent. MkC' 1 . . 2-30 fi 79 13 14 22 04 28 34 30 04 34 22 

M^O. . 0 00008 0 00048 0-00115 000245 000230 0 00260 0-0030 


The detailed roHultH show that at 25'’, up to a cone, of about 10 grms. MgClg per 
100 e.c. of Holn.. the^olid is an indefinib* .solid soln. of magnesium oxide and chloride, 
and wa^‘r, and from that cone, up t^) a sat. soln. of magnesiuiii chloride, the .solid 
]>hase 18 a hasic magnesium chloride 2 MgO.HCl. 5 H 2 O, that is, 3Mg0.MgCl2.1lH20, 
or still differently expressed : 


0 < 


,Mg ^OH, 
Mg-^Cl 


5H,0 


'I'he Mo-eHJle<l SoM'g rmffmsia cement was deaeriljed by K. Sorel “ in 1807, and it ih 
mudo by rnixiri(< calcined ma^'iieMia u'itb an acj. Holn. of magnesium rhloride of sp ^r. I'lO 
to 1-2<1 A mixture of finely powdered, dry, calcined majfnesito and dry ma^enium 
chloride — which can bo prew'rved in sealed tin vcmw'Ih- furnishes the same result when 
niixeil with water. The two subatancoa apparently undo with the dovelopraent of heat, 
fortmng what is presumably a majmesium oxychloride, and A. Knejrer, 10 Luhmann, and 
L. i'reuHsner have shown that the resulting cement is a mass of minute interlacmg crystals. 
It is supposed tliat the magnesium chloride and oxide react in sohi.. forming a siipersat. 
soln. of oxychloride from which crystals are dopositeil as in fh<> setting of plaster of Pans. 
Various formulai have been iwsigiuxl to the oxychloride. Taking the mol. ratio Mgt’l, ; 
MgO : lljf), (’. Mender gave 1 : 5 ; 17 ; (». E. Davis, 1 : 5 : 13 ; and D Krause 1 ; In ; 14 
wiien dried at IMP and 1 ; Ml; 18 when air-<Iried The eement is u.sed for cementing 
glass and metal, and for making artilicial .stones, ete. e g the so-ealled xyhhth is a mixture 
of sawdust, cement, and water. Sev«*ral method.s of prepaiing the mixture have been 
patentetl- t'.ij. h\ (), Kraner, K, .M. I.yte and J. (i. Tatters, et<- !•' M l.yte anti .J. (_!. Tatters 
healed to 3(M)'’ an intimate mixture of ammonium magnesium ehloruh', NH/I.MgCli, 
with oiie liflh ot Its w-eight of niagnesium oxido ; the residue eonfiiined a littli- less magne- 
sium oxidt' than eorresponded w'dh the formula MgO .MgCl^. great many moilitieatioris 
have heoii patented with calcium or hartum eompountls as aecessory eonstitui'nts, and 
with stareli, gelatmou.s sihea, ete , admixed with tlio soln of rnugnesium ehloride. Pro- 
longisi to'iitnit'iit of the ernn'iit with hoiling w-ater dissoKe.s nmgni'smm chlontle h'avmg 
behind hard magnesium oxiile .M. Y. Seaton and co-work»'rs have diseusseil the action 
of fr#s' lime on thi' cement. 


In JTtSll, A. K. tie Koiiri'rov ahouetl that ammonium magnesinm ehloritJe 
coiiltl be Cl y.shillizetl from a nn.xed soln. of the component .salts , and K. von 
flatter puritieil the salt hy erystalli/.iition The analy.ses corresponded with the 

formula for hexahydrated ammonium magnesium chloride, i\]l 4 t’l.MgClo <;H..O, 
or lirxnhyil Kilt'd ammomum Inchloro-uuigmuuitc, NII^MgCl^ (ilLO ; al.so failed 
ammniintm rariudhU’. C. H. ITail obtained crystals of tlu' same salt bv evnjiorating 
the filtrate from the precipitate obtained by treating a soln. of magnesium ehloride 
with an e.xee.ss of ammonia , and 0. Hautz, by .similarly treating the li<|iiid remaining 
after shaking magnesium oxide with a eohl aij. .soln. of ammomiim ehloride. 
J. 0. (r de Marignae found that the douhh> jiyramidal rhombic crt.stals have the 
axial ratios a : /> ; c ■ 1 M29.5 ; I ; 0'722U. rota.s8inm and ammomum carnallit 08 
form solid soln. with one another, C. II. 1). Hodeker'.s value for the sp. gr. is 
1*450. 0. Haiitz found the salt, lo.ses iM i) per cent, of water at and .31*15 per 
cent. (IH-^O) at l.'k'P’. The crystals are deliquescent and melt whim heated, losing 
first watt'r, and then ammonium chloride ; finally, magnesium t idoridc alone 
rt'mains The salt is sjiaringly soluble in water ; and the electrical conductivity 
of aq, soln. has heeu investigated by H. C. Jones and N. Knight. M. Bt'rthelot 
and G. Andre reported a crx-stalline salt, 2NH4CI.5MgCIr,.33HQ() ; and G. Linck, 
2NH4CT.;LAlgCl2,20H2O. 

C. Sandonnini found that lithium and magnesium chlorides form solid soln. 
in all proportions, and that these are stable at low- Umip. The f.p. curve, Fig. 12, 
shows a minimum with about 40 molar per cent. MgClg, at 570°. 0. Menge obtained 
the results shown in Fig. 13, for thft f.p. curve of the binary^ mixtures indicated. A 
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mi:rture of sodium and mapesium chlorid»^8 has a t*ut 4 H tic at 430® and per 

r*^ki V ni "Uli wxfium magnesium 

f "i ^ «»lhfr with a roiiijuuind of uut t*rtam (V}m]»oBition. 

K. bc-hohch also obtaiihMl tho two nuiipounds NaCI M^t'K. ami 2XaCl MgUL. There 
I® M V oxist^oi.v of th.* hMlrat.-d Kodium inagnesiutn trirhloride, 

n T » L' 4 de S< hiilP'ii uuMition tliia salt, hut 

ui • I . d- Jhilard, and J. N. \on Fuihs wnx' unahh' to dissiilve aodiuin 

chloride in a soln. of niu.iinesiuni chloride . and the> found that on cindin^ a boiling 
f^alt''. er\''laK of sodium thlonde ahme s4<]iaratod out. 
0. Schrader obtained only mixtures of the ('om]»om nt salta bv jiassing hvdrogeii 
chloride into aoln of niai'iiesiuin chh*nd*' with sodium or |>otaHKium chIori<b', 



0. Menge found the f j). curvt* of mixtun-s of magncHium and potaHHium chlorides 
haa two maxima. Kig 11. at ISo and 1.17 convs|.ondim' respect i\.'I\ with tin* 
m ]) of ])ota.ssium magnesium trichloride. Kt'l and potassium magncMium 

tetrachloride, llKCl.-Mgf'L The existence of these eoiujioundH wun confirmed by 
a mieroscopic examination of the prodmds ,1. Valentin olu.nued onl\ Mgt’lj.KtM 
on the f.p, ciirvi'. and K Sefiolieh (ould eonlirm only the «nme eomjiound ; he 
studied the ternary .system .Miirl.^-KCl Xat'l The solubditv of maf'in snim chloride 
in .Holn. of pota.ssinm chloride w.is ima''Ured bv H. IVeilit and H. Wittjen, 
J. 11. v.iii’t Hot! and \V. Me\ erh«dT'*r. W Kelt ami ('. Krzibvlla, and W. H. Ie*e 
and A. C. Keerton, W H Lee and A ('. Keerton studieil the lernarv H\slem 
KCl-.MgCl.olloO at i!.o . Ib xalndrat.-d potasrium magneiium trichloride, 
KCl -Mgf.T, bUoO, or hexahvdrated iKif<t^s}uin Irirhlvio fiuiqfwsirUr. K Mgt 'I3 ()ll20, 
occurs in the Stassfurt and other salt dej.osita If. Hose identilied the mineral 
in the Stassfiirt deposihs with the double salt whieli J \on Ladiig had found to 
be deposit^'d from the moth»T !i'|iiors of the brincH frtmi the Salzhausen during a 
winter's cold, and wlmdi A Mareet had previouslv obtained from the motlier Inpiors 
in the evaporation of sea-water In order to imlieaL’ that the double salt oeeairs 
as a imneral spi'cies, If Jfo.se nam<'<l it caroallite, in honour of it, von (’armill. 
(’. F. Kammelsberc! thought that the double salt <lej>osited from mixed s»dn. of 
the component salt.s belonged to the hexagonal svstem but J. G. de Marignari, 
and A. de.s L'loizeaux showed that the artilicial, ami A. des Cloizeaux, F. Hessen- 
berg, and C Jfii.sz that the natural. 1 rvstals belong to the rhombic sysL'iii, and 
have axial ratios n : A :e (i.V,l.7>l : 1 : U F Bisehof’s value for the sp, f(r, 

of natural earnulliN* is 1 <)!.'>; F. Jfeiehardt'a, l OB: and (' Frzifiylla’s, as a mean 
of eleven determinations at l'.» f {wate-r at 1 unity), with the we-ighings reduw*d 
to those- in vacuo, l tj<>lH. H. H Kunze stmiied the gp. gr. and the m.p. of 
mixtures of carnallite and ]jotagsiuiu < hloride. J. H. van't Hoff and W, Meyer- 
hoffer found the m.p. in a .se-ah’d tulv to Is- 2GA”. The eloubh* redraetion is strong 
and positive ; and 0. Ibisz found the indie^-s of refraction in wKlium light to be 
a~r46658 ; j3-4-47r>21» ; y -1 ftWl. Accxirding to F. B<djerinek, carnallite is a 
non-conductor of electrieitv F. Ifudorf! examined the diffusion of soln. of carnAl- 
lite ; and H. H. Kunze, H. ('. Jones and N. Knight their eleetrical conductivity. 

J. von Liebig noticed that the ciy'stalg.of carnallite deliquciKje and then 
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deeompoM on 6X]KMiure to air leaving a residue of potaasium chloride, and magno- 
liuin chloride in soln. ; and A. Marcet, that alcohol extracts magnesium chloride 
leaving behind potassium chloride, CarnaIJite is thus ly&rtly decomposed in conta(‘t 
with a little water ; at 25"^ about S!') per cent, is decomposed in agreement with the 
avmhols; KClMgCJg.dHgO-HT-Hil^O-^mKCl-ffMgCla, 016KC1, IS SHgO), where 
tie bracketed term reprewmts the com|)osition of the soln. At temp, below —21°, 
oarnallite cannot exist in contact with its soln., for it forms potassium chloride and 
dodecahydrated magnesium chloride ; at that temp, there is a reversible reaction 
KCl-f MgCl2.12H20?=iK(lMgCl^.()H20-f6H20 ; the upper temp, limit for carnallite 
is 167'5°. This limiting temp, is reduced to 152'5° if magnesium chloride be present. 
The solubility curve AH of mLvturcs of MgCl8.12H20 and KCl, is shown diagram- 

matically in Fig. 17 ; it extends from the 
eutectic temp, up to 5, —21°, the temp, 
at which carnallite is formed, when two 
solubility curves BC and BD appear — the 
one curve, BC, re])re8ents sat. soln, of 
carnallite in the presence of hydrated 
magnesium chloride — the ])articular hy- 
drate depending on the temp, ; the other 
curve, BD, sat. soln. of carnallite in the 
presence of potassium chloride. The 
curve /if ends at (\ 152*5°, the U])per 
limiting temp, for the existence of carnal- 
lite in the presence of magnesium chloride 
—at this temp., Mg(’l 2 4H20 ; while the 
curve BD ends at D, 107 5°, where the 
sat. soln, has inagnesium chloride and water in the same proportion as carnallite. 
The curve D(^ represents sat, soln. of carnallite and potas.sium chloride with 
less and less water than is rejmwnted by the formula of carnallite. These thn‘e 
curves enclose a region li('D within which carnallite can exist in contact with 
the soln. indicated. The c(|uilil)rium conditions of potassinrii and magnesium 
chloride arc more prc< iscly indicated by tht* diagram in connection with the 
ciiapter on the Stassfurt <lcposits {vide, potas.sium). 

W. Feit and K. Kuluerschky,^^* and H. Erdmann, crystallized rubidium carnal- 
Hie, or rubidium magnesium chloride, KhCI.AIgCI.^.OHoO. from a mix(*d com;, soln. 
of the constituent salts, and measured the mutual solubility of rubidium and 
magnesium ciilorides. I’nlike carnallite. rubidium carnallite is decomposiid neither 
by cold nor by bot water. II. L. Wells and (1. F. Campbell also yircjiared eolouriess 
rectangular plates or Hat [»risms of ca-mim mniallitc, or ceesium magnesium Chloride, 
CsClAIgdo bH^O, by crystallization from soln. of its component salts. Double 
salts of a ditbTcnt composition wen* not obtained by varying the projiortions of 
the component salts. 0, .Menge found that magnesium chloride fornus a simyile 
euteetiferous serii's with cuprous or silver chloride. Figs. 15 and lb, and from 
K. Dhauvi'iiet, 1*. .bib. and (}. Urbain's examination of the thermal etfects attending 
the adiui.xtun' of .soln , they inferred that the double salts cupric trimagnesium 
dcfeaehloride, 2DuC'l.^ .'bMgri.^. and cupric dimagnesium decachloride, a(’uri 2 . 2 MgCl 2 , 
exist in soln. 

According to 0. Menge. mixtures of calcium and magmwum chlorides furnish a 
simple V-eutectie at 021° and 12‘8 per cent, of calcium chloride. Solid soln. appear 
at the calcium chloride end of the series. C. Sandonnini 21 observed no solid soln. 
with mixtures of strontium and magnesiiun chlorides, but there is a eutectic at 
635°, and 50 molar per cent, of strontium chloride. With mixtures of magnesium 
and barium chlorides, there is a eutectic at 556° and 36 molar per cent, of barium 
chloride ; and with greater proportions of the latter salt, there is an arrest in the 
cooling curve at 590°, and at the eutectic, 556° ; only the upper arrest occurs with 
more barium chloride, and when still more is added the upper arrest is lowered 



Fio. 17.™ Diagmmmotio Hopri'Hcntntion 
of the licgioxi (if KxiHt('n(;o of Curnalhto. 



magnesium 




^ f K • 1 ^ l'l»* ii(uiu‘nou is tttkou to iudicAt*' the productton 

In » • • lUinmelslHTg found a imju ral ui tho Stioshfurt salu wUmh'* avAlvAM 
corws^nded ^uth (^cium dimagnesiuni chloride, UttCl/iMi^Ula.ViH^o; or 
CafMgLljjj.l-HoO, and ho inmu'd it tm'hhtfdnU’, and aftvrv^ards {Xx^Gk)) ahlmwiated 
it to tachydnUv -froni rajud . r<st..,». wutor ui rrdort'noo to ita gn'ul hygro- 
scopicity. The ndation of U<l»vdnto to oarnalhu* is evident bv doubling th» 
formula of the latter, thus, earnalhte. K^lMgUys.UiU.t) ; Uehydrite, 
Ca{MgCl 3 )jj.l 2 H^O, where the two univalent at-oius of poUssiutn n‘plaee the 
bivalent atom of cdloiuiu A de Sehult 4 ii made artitieial ervstals of this salt by 
concentrating a mixed aij soln of grms of anhvdrous call nini chlornle and 
150 grms. of hexahydrated magneMum cldoride on a watvr-bath until the Injuui 
crystallized on cooling. A. des Cloizeaux showial that the crystals are rhoinlKthedral 
(hexagonal) ; and, according to P. Groth, the\ have the axial ratio a : c I : l 


F. Bischof's value for the sp. gr is 1 hTl , E Erdmann s. 1 8G7 ; and .1. 11 van't 
Hoff B value is I GOr),*), the mean of 1 (KJdl and I It. liorgey, and H E IWke 

give the hardness I to 2 — that of gypsum A des Cloiz<*aux says the double ndrao* 
tion is negative, and tlu' mean refractive index, according to H. (Kirgcy, is 152. 
The salt is soluble in water l(Ki parts of wat 4 T at 18 75' dissolve KitJ.’l part 4 < of 
the salt. J. H. van t Hod found the mol ht of soln to 1 m' 2 .H r>r) ('als , and in tiie 
formation of a grain of taelisdrite ;i :5 82 t’als are absorlsMl K. Bisehof found the 
tc‘mp. risc ‘8 from 18‘7.*) to 20 5 when 2 M parts of taeliydrite are dissolv'i'd m 8 tl of 
water. 


The conditions of eijuilihrium have bee n largelv determined by J. H. van’t Hoff 
and his co-workers. Below 22 a soln of tachvdnt 4 ‘ deeomjiow'S int 4 » it^* com- 
ponent salts, so A. de Seliulten'.s soln furnishes taeh\drit 4 ‘, provided the temn. is 
over 22^, At this teiiiji. tliere is the balanced reaction : ('aUl 2 bH 20 I 2 (MgUl 2 . 0 li 2 O) 
--CaCI^.^MgCla.l-H^O f OHoG. The tmup of formation is raiwal 0 017 per atm. 
increase of press. At 
temp, exeeecliug 108" 
tachydrite partially imOt^ 
and decomposes. The 
conditions of (‘(|uilil)rium 
are rcpre.sent 4 *(i graphi 
cally by J. H. vaii t 
Hoff’s diagram, Fig. 18. 

Tim curve (Li i.s the sat. 
curve of CaCl 2 . 0 H 2 O and 
MgCl 2 . 0 H 2 O ; C is at 
16’7° ; A, the formation 
temp, of tachydrite, i.s at 
21 '95''. The curve JiV 
is the sat. curve of 
MgCl 2 . 6 H 20 and tachy- Km 18. Efjuihbrium Ourves for the Hyntern 

drite ; the curve ends C'aCl, -MgCI| H,0, after J. H. van’t Hoff. ^ 

at N, the transformation 

temp, of MgCl 2 . 4 H 20 . The rurv<* AB likewise represents the sat. curve of 
CaCl 2 . 6 H 20 and tachydriU* ; and B^f, of CaCl 2 . 4 H 20 and tachydrite ; B, 
25® is the transformation temp, of (;aCl 2 ,CH 20 into CaCl 2 . 4 H 20 . The curve 
BG is the sat. curve of CaCl 2 . 0 H 2 O and faClj, 41120 j the curve HI is the sat. 
curve of magnesium chloride alone--.H-^16'7®, /-~.32® ; the curve KG and 
GL represents the sat. curvi* of calcium chloride alone, and at G, 29*44®, 
CaClo.eHjO passes into CaClj 4 H 2 O. The region MB AH is sat. with tachydrite ; 
LGBM, with CaCl 2 . 4 H 20 ; HCANI, with MgCla ffHaO; -and KCABG, with 
CaCl2.6H20. Lines" repriwnt soln. sat. by the salts indicated by the adjoining 
regions ; and points represent soln. sat. by the salts of the adjacent regions. The 
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temp., I 16 ' 67 °, of the transfomiation of MgCl2.6H20 into MgCl2.4H20 is 
not iniK'h affected hv' the ])n*Henceof tachydrito, but the temp, of the transforma- 
tion of Catl^.fJlioO into (’aC]2.4H.,0 is lowered by the presence of taehydrite from 
to 2^'. The ternary system Mg('l2 — C'aClg; -H2G ^t 25 was studied by 
VV. li. and 7 I. a Egorton. J. Vule/it/n obtained potessiuin barium tetra- 
cbloride, 2KClBaC!2, on the f.p. curve; and studied the ternary system 
BaCV-KCl-MgCla. 
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§ 9. Magnesium Bromide 

Mugiu'sium bromide occurs in soln, in sea-water and brine springs. It has been 
roport<'d in the Stas.sfurt salts, and A. J. Halard ^ extracted maguesiuni bromide from 
sea- water in 1826, and from kelp salts. The waters of the Dead Si’a are particularly 
rieh in magnesium bromide. 

Rrominc water slowly attacks magnesium with the evolution of hydrogen, but, 
according to J. A. Wanklyn and E. T. Chapman, dry liquid bromine hud no per- 
ceptible action on magnesium afU‘r a year’s contact. Magnesium burns in bromine 
vapour forming magnesium bromide, but, saysK. Bunsen, the combustion is not so 
vigorous UiS ill chlorine. 0. Lereh conducted bromine vapour over nuignesium at a 
red heat, when the mass became iueande.scent; and if any nu'tal remained unattaeked 
it tloated as small sjihores on the surface of the specilicallv heavier bromide. 
H, Gautier and (J. Chaqiy also made magnesium bromide bv direct combination of the 
tdements. C. Lbwig, and G. S. Serullas say that a part of the magnesium bromide 
is carried forward by the stream of bromine vapour mixed with carbon monoxide, 
G. F. Kammelsk'rg neutralized hydrobromic acid with magnesium oxide ; F. Klein 
neutralized the acid liquid oht^iiued from bromine water and phosphorus by 
magnesia alba ; and 0. Lerch treated magnesium and water with liquid bromine. 
Thu evaporation of the resulting soln. furnishes crystals of hexahydrated magnesium 
bromide, MgBr^.OHjjO. If the aq. soln. of magnesium bromide be mixed with 
ammonium bromide, and then evaporated to dryness, the resulting ammonium 
m^nesium bromide gives anhydrous magnesium bromide when heated until the 
ammonium bromide is all expelled ; otherwise, some hydrogen bromide escapes 
during the dehydration. 0. Lerch also heated a mixture of the crj-stalline salt 
with ammonium bromide so as to prevent hydrolytic dissociation. 

Anhydrous magnesium bromide, said G. S. S^ruUas,* is a white cr)'stailioe 
non-volatile substance whose crystals, according to 0. lx‘rch, resemble those of 
magnesium chloride. G. F. Hiittig gave 3*722 at 257*1'’ for the specific grafity • 
of anhydrous magnesium bromide, and W. Bilts, the mol. vol. as 49 48 ; and for 
the sp. gr., 3*72 at 2574°. The melting point, according to T. CarneUey, is 695°. 
W. Hampe found the molten mass to be a good conductor of electricity. M. Berthe- 
lot’s value for the heat o! formation is (Mg, Brj) 140Cak nearly ; and N. N. Beketoff’s, 
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Cals. ; J. Thonwen’s value for (Mi[. Hnsatj.) is iri»V5 Cal;* ; and N N, 
value for (MgBr 2 , aq.) 43 3 Cals u to 

According to 0. lierch, niaguesmiu brxuuut' i-* not wut'n nea 

ts provided air be excluded, biu if oxnji.mi \)e ^rcsiUit. bnmuuo v« ovoW an 
magnesium oxide is formed. \Vlu'ii tbe s^did or a eom- h»\u. vs itv'a «h w 
sulpburic acid, bromine is evolved, and. added C if a di\ soin 

Nvith Bulpburic acid, hydrobromic acid is forim'd 0 U‘n'b said i j 
magnesium bromide deliquesres in air mon' rapidly than numueaium 
that it dissolves in water with a hissing nois.* , 

The solubility determinations of magnesium bromide ha < ClArtra 

B. N Melhutldn,3 A. K Mvl.us an.! !!^ Knn . «... . ;7;'| 

resulte are conai.lered to W t<.<. ' ‘ .u^oCthe 

F. Myliua and R. Funk, tin re .« a d.fi. re...-.’ ..I . to ^,1 ol 

Uttor agree v.ith those of li N M.'..™ l...lkn.. «!...«.■ r..a..lta.eAi.r.««« P 

MgBr,i.erlOOgrnu..of«.i....areaO«ll.,w»: 

Mt. -> y 

TbeI.idphaacov.tl,..,ren..,..t.nn,a.r,....re.al^^^^^ 

MgBr„6H,0, 00 tl.ut at or.ln.ary 1...,,,,. t .... ^1 ll..xahvdr,.U.d 

aolnbility of tliia salt .» thus gr. aUT ^ ] i>a.,filo(f 

chloride. The e.iudihrmm <l..igraiii ha. .l.a-ahv.l ruled niagn.- 

bclrevesthatat --1- tl...re ,s a .rans,t,..n ^ i„ thin plate, 

sium brcnide, Mglir, .1011,0, .,r,.„g tl...... Ih.1.,« ()» 

by cooling 45 47'8 per .ent. '‘"’i: " ;|,.,,l,y.lr,.(ed s,.ll ...elt b.-U.«‘n 

by press, bi'tween Idtcr paper. \l„Br, loll.**' '."ttBr, HB,0. 

and 12-5'' with partial d.'e.iinp..si io> ■ a,,,) n.'-dlrs 

He.\ahydrat.‘d luagn.’sinm bromnl.' ' ’™' ' J,i n. B, IVlre, an* 

which, according to J. H. van t “ 4 >hloride , the two salts h>r»“ 

ison.orphous with th.is.' of the ‘'"f" ''I”’, meltiOK POint of ti.'xahydrated 

cn-stals with on.. .er ", Si;;;! 3 K Myli«» and K. Funk, 

magnesium broinid.. as 1.- , | ‘ .„t wh.'.. .■.xp.>«.d to Rdnlg.-naor 

16, I’. Bary f.mnd tl... .salt to ' " """J ..f th.. vup. j-resa. 

Becqiier..r« rays. H f ‘ ,.,„n.H,K.i.<l..d ...th llie lorinalion nt mono- 

of th.. h..xahydrate at ^ , j) |,„t i.o ..tf...revi.l..i...e is y-'t fortlic'.ming 

hydrated nuu/tmium hruniidi.^Mi . ^ ^ ^l^,, ,.„»(«!. of h.xa. 

of the exiBteni.e of tins salt. -Y'" ' ^ ,.i„.„ |,..at...l d<..oi..pose into 

hydrated magnesium liromid.' ‘‘'’'"I" ^ ^ Kreid..r show-'il. however, that 

hydrogen bromide and magnesiui . oxid.^ |„. r,.„.„ved from the h..xa- 

approximatcly two of th.' six mo Is „,,l,r..eial)l'. loss of hydrogen bromule , 

hySratc between 70° ami 10' • ‘p ,« h.•lt.•d in air, is attend...! by a loss of 
any further loss of water, wla .i ; l.romide inbibila tbi. loss ol hydreg.-n 

hydrogen bro.nide--an atm. „Ur.li»gl.V argu...l that in the 

bromide by the salt, J. ^ (h* six mols of water are .1.11. r< “tly 

hcxahvdrated magm.s.uin br.m. d. tw« . 

placed from the other fo..r -, and he «ugg. sts u. g | 


ler "" , 

H B “ “ , 

H>0=Br-4.-0 Mg "'H 

There is yet no evidence of atfs" ea.t 

According to F. Myhus and B Fun* 


o.ntains 106'4 griM. 


jjoin sav- “It — - wi /V 

According to F. Mynus ...u *• - ^ , j, gr,. or MgBrj+U «Hjy- 

„f MgBr, ..eTlOO P"'»-‘.«fYY;;r8°r X the ' ' 

.nd> llJfrom P 


nt. Ol ' 

. 8n cr of aq. «oln. of magnesium 

5 10 It* 


Per oeot. MgBfi 
8p.gr.. 


1<)43 !•<»’ 


I lOl 1810 1451 1*8*5 
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D. I. Mendel^ff aluo made observations on this subject. K. Jauch found tb. 
ht. of soin. containing m eq. of magnesium bromide per litre, at 18 , to be 

m . . . 06 10 20 30 40 

Bp, ht . . 0-9441 0-8941 O SOOS 0-7333 0-6688 

H. C. Jones and F. H. Getman have investigated the lowering Of the freezing 
points of sola. ; while H, C. Jones and H. P. Hastk-t have investigatt^d the formation 
of hydrates in soln. from the lowering of the f p., and the electncal CO^UCtivities. 
P. Walden measured the eQUivslent conductivities of aq, soln. H. C. Jones and 
co-workers found the mol conductivity, /x, and the percentage degree o! ionizfttion, 
o, of a soln. containing a mol of the salt in e litres, to be 


2 

8 

.32 

128 

512 

2048 

70 34 

93-73 

104-50 

113-62 

118-93 

127-28 



324 4 

367 7 

412-8 

445-6 

471-3 

69 3 

71 6 

79 9 

80-8 

90-9 

97-3 

- 

08 8 

78-0 

87-6 

94-5 

100-0 


They also measured the temp, coeil. of the conductivities. S. Meyer gave 
-0-449xl<r‘‘ units per gnu. or -0 083 unit jier mol for the magnetic suscepti- 
bility of anhydrous magnesium bromide. 

Magnesium bromide is hj drolyzed by water in a manner analogous to magnesium 
cliloride, and similar remarks apply to the formation of basic salts, or magnesium 
ozybromides. E. Tassilly, ' boiled a soln. of 14r> griu.s. of MgBr^.GHgO in 300 c.c. 
of water, and added f) gnus, of magnesium oxide, prepared at a low t<‘inp , in small 
quantities at a time. The mixture was tinally heated to about IbO", and filtered 
hot. Ill a few days, the soln., }>rotected from the uir, dejiosited needle-like crystals 
of 3AVlg() MgHro.l2HjjO, which wliiui heated to 120'' m a stream of air, freed from 
carbon dioxide, gave crystals of 3 MgO.MgPr 2 .GH 2 O. This o.wbruiiiide is deeom- 
[)oS(‘d by water and alcohol. 

W. Blitz and G F. Hiittig,* and G. Spacu and It. Hijtaii prepared magnesium 
bexamminobromide, Mg(NH 3 )flBr 2 ; and they found the heat of formation and the 
ti'iiip. at winch tlie dissociation pre.ss. is 1(K) mni to be respectively 2() 1 Cals , and 
vViiC for magnesium diamminobromide, Mg(NH 2 ). 2 Br 2 . and 21 •; Cals,, and (hkc for 
magnesium amminobromide, MglNII^iPr.^. A. de S hulten prepared rhombic 
prisms of ammonium magnesium bromide, NH^Br.MgBr.j Gli^O, or hexahydruO'd 
amtuoninm InhronionKnjnc^'uih^ NH^MgBr 3 .Gll 2 f), or (tninioniioi) hmintiaininllifc i.so- 
iiiorplious with the eorresjamding potassium salt. KBr.MgBr^.Gll^O. by evajiorating 
an uq. soln. of 30 gnus, of ammonium bromide, and 2>‘>0 grins, of hexahydrated 
magnesium bromide over sulphuric ucad. The rhombic (pseudo-ti-tragonal) crystals 
have the axial ratio « : h- 1 : r()2r)r>, and sp. gr. 1 1)89, The same crystals wt-re made 
by 0, Perch. G. Kellner studied the binary systems of magnesium bromide with 
lithium, sodium, and potassium bromides. The products are isomorphous with the 
corres[)ondmg chloridt's. No case of dimorphism was observed. The results are 
summarized m Figs 11) to 21. Lithium bromide forms solid soln. of limited cone. 
Sodium and magnesium bromides form a simple eutectiferous series with the 
euti'ctic at 131 ’ Pota.ssium and magnesium bromides form double salts — potas- 
♦lium magnesium tetrabromide, 2 KBr.MgBr 2 , and pota.ssium magnesium tribroiuide, 
KIlr.MgBr^, w hieh deeompo.se respectively at 3^18“ and 31)1°, and there is a euU'ctic 
bi'tween tliem at 33r\ Solid soln. are not formed. A. de Schulten made crystals of 
hexahydrated potassium magnesium tribromide, or jimUmium tribwmo-magnesiaie, 
KMgBr 3 .GU 20 , by a method similar to that employed for the ammonium salt. 
W. Feit first made the same salt by mixing a soln. of 12 gnus, of magnesium bromide, 
sat. at ordinary temp, with a boiling sat, soln. of one grm. of potassium bromide. 
On cooling, crystals of the last-named salt separated out, but which on standing 
wew tran^ormed into the salt in question. On account of the analog)^ between 
this salt and carnallite, it has been called bromvcarnallite. According to A. de 
Schulten, it forms transparent prisms belonging to the rhombic (pseudo-tetragonal) 
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^vstem wiU ® • ^T} ' ^ ■’ ^V- i^r l.'U (GV ). Th« cmtiOi of 

•jKBr.MglJrj.etiaU, reporU^d by C. Lowijr. could not U* made hv A. de StMteM. 
0 Li*rch, or W. Feit ; thoy arc th.m-bt u. 1.,- a mixtun* of KBr M^Br^ CHsO 
-.uth some potassium bromide. 11. E liuckc i.as ronstructed the ciiuilibrium 
diagram of potassium aud magnesium ehlondrs and bnmndea m \Mit<'r at ‘Jb". Tk 
mixed crystals of carnallitc and bromoearnalliU' aj.pear m thre.- dilTenuit imKlika- 
tions : (i) those with from 0 to 12 2 mol per cent are rliondae pamdo liexagolial, 
resembling carnallitc ; (ii) those with from 12 2 t4> S,'i nu>ls per «*ent, have the 
t<‘tragonal form ; and (iii) those with to 1(«» mols per e<‘nt are rhombie pseudo- 
tetragonal. H. L. Wells and G. F. ( ampbell made i r\bials of csssium magnMium 



Figs, 19 to 21.--Fr<.’ezinj;-|ioint Cur\«-)> »»f |J»nur\' Mixlao’s «>f MaguoHium Hoamda witJi 
i.ltinuin, Sodtuni. and l’olju«hmm Iln)iiud<'i» 


bromide. CsBr.MgBr.>dill..O. Itva pnaess .similar to that uM-d for the eorreKjmnding 
('lilori<le ; the general ]»ro]»erties of tlie t\so salts ssere similar. 

According U) B. N. Mensehiitkin.^ ma-ne.snim bromide forms comnoimds 
MgBro.OClBOH ^\itll mctlnl ahohol. M-Br.. r,('..llj,()H with ctbvl alcidiol ; 
MgBr.,. 0^3117011 with }iropvl alcohol, MgHr. (»(< 'll.dd’ll ( with iwdiutyl 

alcohol: and MgBr.. I(('ll3)2 «-’prop>l aholiol .Similarly, v»Mi ether 

it form.s MgBro,{(’.,Il5)20. H'* >“»'•'* bexa ct.mpounds vmIIi formic and 

acetic acids; and obtanicil lomp.mnds of imignc.si.im bromide with <‘niline^ 
MgBr.,.6(’flH5Nll^: MgBr, K «H:,MF <‘».d MgBr, 2('«H5Nll2or MgBr, ( „! I5N li|. 
.Magnc.siiim bronii<le also forms umipoiin.i.H vMth plmnyi hydrazine, etc,, lie 
solubility of these salts in the rorr. spondiiu: solvent was also inveHiigate.l, ami m 
general, the higher the alcohol m the sencH the smaller the solubility of the 
corresponding alcoholate. 


■ K. UuLion, .Inn., 82. 1:17. In'. 2. K. Kfein. .6., m iiX mil : C. 

(2), 28. 338, I8H;J; G. S. .Sc'rulliw. Journ. ( h,m. »• •*. 

MT IKlll • A f BaUrd ih. (2). 32 :i:i7, Ih2i>, C. K. KaiiiinelnU rg, i <vJ/' ^ -tU, IH4. , 
U.’Gauti’er and G. Charpj/t Ihful. 113. 5U7. 1891 ; d A. 

Journ,Ch€m.Soc.,i9 141,1890. A. .1 BaUrd. Inn ^ 

• T. Carnelley. dourn. Chem. 33. 273. lK.8; H 

934 1109 1168 1649 1887; J. Thoiiihcn, dwurn. prat/. CA«w., (2), 16. 97, lH/7 , II. ftaimUa, 
/ 21 in RHO - O Ixn h th. (2), 28. 3:Jh. 1Hh:I; M. B^rthdot. Ann. Chm. Phy».. (6), 

«- it7 «7 N .S Vka'.ff. HM. Arnd. St, (2). 34. Wl. 18»l i 

cf'liwi* Urid.lb.,r«. ITOi (J. K. 

an^X^Uilk mi ; W. B.U., .6., 116. 241. IWI i «• «• 8'=n,l)«. <.*.«. MU.. 

*■ B^S. M.n*hutki... Zcu. nno,,. < K 152, IW; K.M. 

(2)» £. 337, 1826; I. Panfiioff, Joum, Buu. Ph^. Chem. />«., ». 234, 1894, U. lU JJoexa, 
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9ifa6er. Akai. Btrlin, 439, 1908; H. Lewoeur, Ann. Chim. Phjfs., (7), 4, 215, 1896; Stekerthts 
(m la dUtocUmon du hydrate* taline et des ampotde analoyues, LiUe, 1888. 

♦ K Myliui Md K, Funk, Ber., 30. 1718, 1897 ; D. I. Mendel^ff, Jouifn. Rue*. Pkye. Chm. 
8oc., 14. 184, 1884; K. .lauch, Zeit. Phytik, 4. 441, 1921 ; P. Kwmew, Pogg- Ann., 108. 118, 
1859 ; 0: T. Orkch, Zeit. anal Chem., 8. 285, 1869; H. C. Jones and H. P. Basset, »5.. M. 
534, 1906 ; H. C. Jones and F. 11. Uetman, Zeit. fhyt. Chem., 48. 386, 1904 ; P. Walden, ib., 
1. 529, 1887 ; 8. Meyer, Wied. Ann,9». 236, 1899; H. C. Jones, The Khctrwtl CanductivUy, 
Dieeoeiatit/H, and Ttmperulurt Coefficient* of Conductivity of Aqueous Solution* of a Number of 
Salts and Organic Aad*, Washington, 1912. 

• E. Tassilly, Compt. Rend., 126. 605, 1897 ; Ann. Chim. Phys., (7), 17. 69, 1899 ; Bull Soe. 
Chm., (3), 17. 964, 1897. 

« A. de Sohuiton, BuU. Soc. Chim., (3), 17. 167, 1897; 0. Lorch^ Jo«rn. praki. Chem., (2), 
88. 338. 3.5), 1883; W. Feit, (2), 89. 373, 1889; C. Lowig, Repert. Phann., 29. 261, 1829; 
H. L. Wells and U. F. tkniplK'il, Amer. Joum. Science, (4), 46. 431, 1893; F. Ephraim, Ber, 
46. 1322, 1912; W. Hdtii and G. F. Huttig, Zeit. anorg. Chem., 119. 115, 1921 ; H. E. Boeke, 
Zeit. Kryst., 45. 3.’52, 1908 ; Neue* Jahrh. Min., i, 16, 1910 ; G. Kellner, Zjtit. anorg. Chem., 99. 
137, 1917 ; Ihe binaren Sydeme au« den Bromiden dn Alkali^ und Erdalkalimetalle, Berlin, 1917 ; 
G. Hjiacu and K. Kipan, Hui Soc. Stunte Cluj, 1. 267, 1922. 

’ B, N. Alensohntkin, Zeit. anorg. Chem., 49. 208, 1906 ; 62. 9, 162, 1906 ; BuU. Polyt. Inst 
St. Petersburg, 3. 12. 29, 1905; 6. 293, 1906. 


§ 10. Hagnesiam Iodide 

Small triU'i‘8 of magiu-Hiutu iodide have been reported in aea-water and in (!ertain 
saline watcrM, For example, some mineral springH in Java contain magnesium 
iodide eq, to (1012 grm. per litre, and iodine can be obtained from the water by 
the copper sulphate process. According to R. Bunsen, i magnesium burns vigorously 
in iodiiK! vapour, forming anhydrous magnesium iodide, Mgl^, but, according to 
T. L, IMiipson, iodine may be distilled from magnesium without appreciable action ; 

0. Lerch also found that magnesium does not react with iodine unless the metal is 
melti’d, and he recxnnmends melting the metal in a vertical tube of hard glass, sealed 
at one end ; when solid iodine is dropped on the molten metal, a vigorous r«‘action 
occurs with incandoscem’e. Air should b(‘ excluded as much a.s j>o88ible or some 
magnesium oxide will be fornu‘d- globules of the unchanged magnesium float on ' 
th<* surface of the lioaviiT iodide. F. Bodroux noted the action of iodine on magne- 
sium in the presene.e of watt'r ; when water is dro}>ped on a mixture of magnesium 
filings and iodine, the reaction is quite brilliant, and suited for a lecture experiment. 

0. Iji^rch made magnesium iodide by heating anhydrous magnesium chloride with 
ammonium iodide, when ammonium chloride volatilizes, and molten magnesium 
iodide remains ; be obtained a similar result by heating ammonium magnesium 
iodide with an excess of ammonium iodide, first driving off the wati'r at a relatively 
low temp, and afterwards subliming the ammonium iodide at a higher temp 

G. F. iluttig gave 4'244 at 2574 ® for the specific gravity of anhydrous magne- » 
sium iodide, and W. Hilfz gave 65'36 for the mol. vol. and 4 244 to 4‘268 for the 
sp. gr. at 2574". According to 0, Lerch, the melting point of anhydrous magnesium 
iodide lies above that of the corresponding bromide, as does magnesium bromide 
alK)ve the corresponding chloride. The crystals are snow white, but they arc 
usually coloured by iodine, because, says 0 . Lerch, the anhydrous iodide is decom- 
posed at ordinary temp, by atm. oxygen ; and M. Bertheiot converted the iodide 
completely into oxide by heating it in oxy'gen. The anhydrous iodide dissolves in 
watt'r with a hissing noise, and 0 . Lerch found the salt is also soluble in alcohol, 
ether, and methyl iodide ; and W. Eidmann says the hydrated salt is soluble in 
acetone. B. N. Menschutkin obtained a series of compounds of magnesium iodide 
with methyl and ethyl alcohols, ether, the alkyl esters, and acetic acid— 
MgIg.6CH30H ; Mgl2.6C2H30H ; Mgl2.2(C2H5)20 ; etc.— analogous to those 
obtained with magnesium bromide. Ho also measured the solubilities of these 
compounds in the corresponding menstrua. 

F. Faktor, and J. A. Wanklyn and E. T. Chapman noted that aq., alcoholic, 
and ethereal soln. of iodine act slowly on magnesium. According to I. Panfiloff, 
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it hydriodic Mid be Mt. with freshly prec.pitsted nu^nesram hydroxide. »t oMinuy 
temi)., crystals of the octohydrate are foriio d. 0. L..nh found that if the aoln. 
ubtamed by the joint action of imbne, wat^ r, and uiagneaiiim Ih’ decanttni from 
the basic iodide and alowlv evajiorated ovur sulphuric and. the li.mid 
brown and furniahea crystals of octohydrats‘d nui^nesiuni iodide, Mgl^ Hi 1^0. This 
salt melta at 4 r, accord iii}y to I PantUotT ; PV. K. Mylius and \l Funk ; 43-5", 
B. N. Menschutkin. It ettioresccs over sulphuric and, and delu|iiesooii in air. 
B. N. Menschutkin showed that hexahydratcd lua^nesiuiu utdido, is 

the stable form between 44 and ujjwards of lHh) . and his data for tJie solubility 
of magnesium iodide in gnus, of per BH) grins of soln. an* : 


0" 20“ 40' 43 6t» IHI* 110* IdO* HOO* 

Mgl, . . BO O 63 4 57 8 5l» 4 61 6 62 1 02 6 63*0 64 1 


SoUdplukM . Mgl,.8H,0 ;5=it 


The m.p, of the ootohydrated salt is U-tween 1:1 and 43 .V’ ; the liexahydraB-d 
salt does not melt in a sealed tube at -1<X» , but the walls of the tul>e liegiii to 
get a browm film ; and above 200 21(» . llu* salt decoiupoHes. (ouiU‘(pieiitly, the 
anhydrous iodide is not made by the flehydration of the hvilrated salt. A com- 

S arisen of the solubility curves of the thm* liexahy<lraU*d salts -Mgf’ljj OlljiO ; 
IgBro,6H20 ; and OHoO—shows that in passing from the (ddoride U\ the 
iodide, as is fn'queiitly the case with the metal halides, the solubility increases. If 
an aq. soln. of a mol of M^fo m 10 mols of water be cooled t^i 8", colourless six- 
sided crystalline plates of defahvflrated magnesium UMlide, Mgl^.lOH^O, are 
formed which, aft4*r drying between filt4T paper at 4 ’ to —b melt, at 2.‘r“, 

According to F. Mylius and H Funk, a soln. sat. at 18" has a sp. gr. I and 
contains 59*7 per cent, of MgL or MS grms fff Mglj per lOO grnui. of water. 
According to (}. T. (Jcrlach, F. Kreincrs' data give fiir the sp. gr. of soln. at 19'5'^: 


Percent. Mgl, . 5 10 20 30 40 60 60 

Sp.gr, . 1 043 1 0H8 J lUl 132 1 474 1 068 1 IM6 


According to A. Hevdweiller, t)ie eq elertneal comluctivit v with 4, 05, and 0’05 
gram-eq. ])er litre at 18" ri.s»*H from 410 Of 75 7, and to Hi t} respect ivi'ly. Data 
for the transport numbers of the mns of magnesium nslide wt*r(> obtained by 
W. Hittorf. 

F. Ephraim, 2 and W Biltzaiid ii. F Ifutiig prepareil mi«nefium bextmmino* 
iodide, MgfXIfdsbj . J^od W Biltz and a V Jliittig found tliat with miffniiiam 
diammino*iodide, "MgtNlbdoM. the heat of fiirmution is22 7 ('als. ; and at (KiO", the 
dissociation press, is KK) nmr O, Dt< h. and A. de S< hulten evaporat'd a soln. 
of 15 grms. of ammonium iodide and 125 gnus, of liexaliydrat‘<I magnesium iodide 
in vacuo over sulphuric, acid, and obtained hygrowTfpii’ jirismatic crystals of 
ammnniiitti magnesium iodide. NH4I D. Hpaeu made cornpli'X salts 

of magnesium iodide with triethv l•■^edl;ilunllne and diethylenedianimilic. The 
corrt'sjmnding potassium magnesium iodide, KI.MgLfiH.^D. was similar, ami was 
prepared in a similar manner I he sp gr of the former was 2 d4C (15 ) and of 
the latter 2'547 (15"). Thi* jKitaH-^ium .‘*all has Is-en called vnUicarmihiv, and the 
ammonium salt uydo-nninunnunt uirnolhU'. H. E. Boeke found that carnallite 
does not form mixed crvstals with uHlocariiallit*. Xignesium iodO<mhloride, 
MgCl2.2iCl3.8H2O, was rnadi* by K. Filhol In* triturating cone, hydrochloric acid 
with magnesium iodaUt, and bv saturating an aq. soln. of magnesium imlide with 
chlorine, or mixing iodine tri< hloride with magnesium chloride ; and It. F. Wein- 
land and F. .Schlegelmilch, bv the action of chlorine on a mixture of iodine and 
magnesium chloride in water. It fonns yellow deliquescent needle-like cystals 
which resemble the potassium analogue; KICI4 or KCl.IClj. C. K. I inkier 
obtained some evidence of the exi.stenee of mtgtiesium polifu4id4> from the identity 
of the absorption sfiectrs of soln. of magnesium iodide and iodine with the spectra 
of anatogoiis soln. of cadmium, sodium, fiotaasium, barium, xinc, and aluminium. 
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§ 11. Magnesium Sulphides 

L. KobhIof ‘ iiiudo magnesium sulphide, xMijS, hy tho notion of hydroj^n’n 8ul])hid(' 
on H'd-liot niaj;M 0 Hia, by hcatinj; a niixture of niaj'nosiuni and fiuljihur, and by 
lilun^dnj? iiurnin;; nia^^ne.miiin in a jar of dry hydroi;<'n sulphide ; but F. G. Heichel 
found that niaii;n(‘.sium does not readily eoinhine with molten sulphur, although a 
little is foniK'd if the .sulphur be boated with earbon, or if the two elements be heated 
in A stream of hydrogen or hydrogen sulphide, and Mourlot also olitained the 
sulphide by heating a mixtiin* of sulphur and magtmsium tilings in hydrogen ; 
F, G. Iteichel, and .1. Parkin.son, by pas.sing the vapour of sulphur mi.ved with 
hydrogen over the red-hot metal F. Tiede eouM not get magnesium sulphide 
prepared by this process free from magni'sium by tlie suhlimation of the metal in 
vaeiio ; but a highly purified product was obtained by boiling for 3 hrs. in a reflu.y 
condenser JO gnus, of the crude sulphide with 101) c.e. of I'ther freshly distilled 
from sodium, 10 grms of ethyl iodide, and a fragment of iodine. Moisture must 
be e.xeluded. The residue was washed with ether, and dried in a vacuum 
desiccator on a water-bath. E. Tiede and F. Kielitrr made the anhydrous 
Hul()hide by heating the o.xide in a current of nitrogen laden with the vapour of 
earbon disulphide. 0. Sidiumann found v<Ty little magnesium suljihide is pro- 
duced hv iia.Hsmg hydrogen sul})hidc over red-hot magnesium o.xide, but A. Mourlot 
observed a slow transformation by heating the oxide, or sulphate at about 1200° 
in A stream of hydrogen sulphide. E. Tiede had no success by heating anhydrous 
magnesium sulphate for an hour at 12(K)‘’ in a .stream of hydrogen sulphide, 
although at b'lO ’ water and sulphur were formed. F. Briegleb and A. Geuther 
obtained the sulphide by the action of the same gas on magnesium nitride. 
E. Kremy prepanal the sulphide mixed with a little polysulphide by jiassing the 
vapour of carbon disulphide over red-hot magnesium oxide, and F. G. Heichel 
lound that some carbonyl sulphide is formed at the same time : Mg 0 -j-C»S 2 “MgS 
-f COS. and if the vajiour of carbon disulphide is mixed with carbon dioxide, some 
magnesium oxysulphide, MgO.MgS, is formed. According to A. Mourlot, the 
amorphous sulfihide obtained by the.se methods is converted into the crystalline 
state by heating it for a few minute.s in an electric arc-furnace ; and he also obtained 
crystalline magnesium sulphiile by heating a mixture of magnesium chloride and 
stannous suliihido in the electric arc-furnace. Magnesium sulphide is not obtained 
by heating the sulphate with carbon, hydrogen, hydrogen sulphide, ammonium 
sulphide or carbon monoxide. P, Berthier obtained but a small conversion of 
magnesium siiljihate to sulphide by heating the sulphate with carbon, and A. Mourlot 
said that the conversion is incomplete in the electric arc-fumace. 
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sulphide 80 far pn'part'il varies from 
tie was i\'ddish‘\\ late and Hiuondiouts, 
‘d to tlu* nihie MsftMii Aiionling to 
'Mth a aimple cubic lattic*' with the 
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crysUHme sulphide has a specific gravity ‘J TO L‘ So at ITr. while the amorphous 
sulphide has a sp. ^rr. 2 2 at ]h\ j* Sahatirr'a value for the heat o! formation 
(Mg, SgoUd)=7y t) Cak, and the heat of the naietion . (M^S. I!('k, ('aU. 

at 13 . hi. Ticde prepared a sample free from speet roseopie traees of alhalirin 
earths, and from organic solvents, ami when ,>\poM-d for a few sei>omls to day- 
light or arc-light, it bocaim' faintly lununoiH k-ss purified samples wort* more 
phosphorescent. Pure magn(‘siuiu sulphide, sav K Tiede ami F. Riehter, m not 
phosphorescent, but it becomes .vt b\ suitable addilious t,f manganese, bismuth, 
or antimony ; the optimum amounts j>, r gram of sulphide are (HKil o 002 grm of 
manganese chloride or siiljthate . erm of basi.' bismuth nitrate ; or t )()()|3 

grin, of potassium antimonvl tartrate K Ti. d.* and A S hleede disc ussed the 
preparation and properties of plio''phore.seent magnesmin suljdiHle. Magnesium 
sulphide is more sensitive to the rays of long wave-length No excitation was 
observed with X-rays, radium rays, <>r ultraviolet light; but m th.* cathode 
rays, it gives a livi'ly blue and re<l lluon'seeme. with a feelde after glow 

The amorphous suljihide jirepared bv F G Ib ieli<-1, and .1 Parkinson ileveloped 
hydrogen suljdiide when expo-ved to nuust air, and in eontaet with eold water, 
magnesium hydiusuiphide, Mg(SH)j. is f.inued. A<eor<ling to K Fremy, water dis- 
solves magnesium sulpliide verv sjiaringlv. ami on standing Indrogeri sulphide is 
evolved and magnesium hvdroxide h precipitated ; tie' a«'tion is rapid wifli warm 
water. According to A Mourlot. water doe.s not attack tin* crvstalline sulphide in 
the cold, but when healed, magm'siuin oxide ami hvdrogeii sulphule an* fornu'd. 
0. Schumann found that m sup<‘rlicatcd steam, luagnesium sulphul*' is decom- 
poseil, furnishing livdrogen .suljdiidc. salj-hur. siil]>hur dioxide, and magnesium 
oxide. Magnesium sulphide i.s md < hanged bv heating it m hydrogen, COal gtS, 
or carbon monoxide, but if anv polysulplnde m pn-sent, the eXM'Hsof Huljdiur was 
found l)v F, (jl Ueichel to be withdrawn 

According to A. Mourlot. chlorine naits witli crvstalline magnesium sulpliide 
at .‘JttO , and tin* ma.ss l>ecomc^ imandc'ieut witli the foriuuti<m of sulphur chloride 
and magnesium ( lilorale , bromine and iodine a<t at <iull re.lness m a similar way 
without incandescence. The rrvslallme hulphide is dreomposed in the cold by 
hydrogen fluoride and hydrogen chloride ; if warm, the imi«s ]>eromes red hot. 
The metalloid chlorides reat t with the ,Mntab]\ lieat-»'d I'rvstalline sulphide, forming 
the corre.spo tiding oxide - the rea< tioii is <|mN’ vigorous with phospborus trichloride 
or with arsenic trichloride cliromyl cllloride behaves similarly. The actioryof 
Qxygftn on the warm cr\'^tallme suljdiide is (pub* vigorous and sul])liur ilioxule 
is formed; oxidizing agents aNo n a't vigorously with erystallim* magnesium 
8 ulj)hi(b‘ -even phosphorus peutoxide is rcdur.<><l to ]dios])h(inis sul]dii(le. 
F. G. Reich(‘l found that wlx-n tin* vaj.our of SulphUT mixi-d with hydrogen <>r 
hydrogen sulphide is pnK‘^«'d over amorj.hous magnesium sulphide, no polystilphiile 
is formed, nor doe.s carbon disulphide unite with the suljdiide. A. Mourlot found' 
dil. or cone, sulphuric add react.s with crvstalline magnesium sulphide with the 
evolution of hydrogen suljdiide , and with cold cone, nitric add, sulphur is 
separated. The crystalline sulfdiide w not reducer! by pbosphoruf at KKKl", and 
at a red heat, boron and silicon have no action. The erysUlline suljihide is not 
reduced by carbon when heated for i r» mins, in the electric-arc funiace, no carbide 
is formed; and no volatilization is |Hrceptib!e. H. C. fh-elmuyden found that 
Caldum carbide reduces magnesium sulphide in the electric-arc furnace, ami the 
metal is volatilized. Crystalline magnesium sulphide is reduc 4 »d by fodiom with- 
out incandescence ; but iron drs's not rerluce it at a dull red heat. F. 0 . Ridchcl 
also found that if the amorphous sulpliide is heated with iron or with OOPP 6 r« the 


The colour of the amorphous magne.smm 
pale red to reddish-brown. E. Tiede's samj 
A. Mourlot stated that the crystals belongs 
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neighbouring atoms 2 :»4 A. aiiart. S Ho 
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eonwit^nding Bulphide is formed, but he did not succeed in isolating magnesium. 
T. Petitjoan has alwj studied these reactions, 

V. CalcsKni found 100 « c. of a cold sat. soln. of magneflium hydroxide dissolved 0 01 4 
gnus of sulphur so that the relation in Mg : 8 = 1 : 2. The soln. re^wnds to the reMtioa^ 
for sulphides, rwlysulphides, thiosulphates, and sulphites. According to F. G. Reiohel, if 
magnesium sulphide do wann<Hl with water and sulphur, not to the b,p,, a dark yellow 
liquid is prwiuced which presumably contains magnesiam polysulphide, ^is h'quid 
decomposes when oxix^wjd to the air, and gives off hydrogen sulphide, forming sulphur, 
magnesium hydroxide, anti a trace of magnesium thiosulphate. The liquid is slowly 
decomposed when bodetl, but more slowly than magnesium sulphide. The sulphides of 
antimony and arsenic diswolvo in tht> liquid, but not so with the sulphide of mercury. 
J. Stingl and T. Mt)rawMky pre(»nretl magnesium trlsulphlde, Mg^Sj, by the action of 
magnesium chloride on ealcium [Kilysulphide. 

F, G. Reichcl foiintl that with cold water, amorphous magnesium sulphide 
furnishes magnesium hydrosulpbide, Mg(SH)2, thus: 2MgS-f2H20~Mg(0H)2 
+ Mg(8ir)2. Acconling tt> J. J. Berzelius, and T. J. Pelouze finely divided magne- 
sium hydroxidt' susfientietl in water is slowly but abundantly dissolved when hydro- 
gen sulphide is passed through the liquid, and a soln. of magnesium hydrosulphide 
is formed. A. Bechamp, and L. Naudin and F. de Montholon, used magnesium 
oarhoimte ; and E Divers and T. Shimidzii prepared a soln, by suspending one 
part of freshly calcined magnesia in not less than ten parts of water. A stream of 
hydrogen sulphide is jiassed through the liquid, and the magnesia slowly passes into 
soln., although imieh gas passes away unabsorbed. If much more magnesia be added 
to the water, the resulting soln. of magnesium sulphide is not so cone, as if the pro- 
portion of magnesia be less. The soln. can be preserved unchanged by corking 
the flask and sealing the cork with wax or paraffin to exclude air ; when exposed 
to air, an alkaline liquid is formed which contains magnesium acid carbonate’ as 
well as mugnesiuin hydroxide. Magnesium hydrosulphide mixed with an alkali salt 
is obtaint'd by mixing a soln. of a magnesium salt with an alkali hvdrosulphide or 
barium hydrosuljihide. F. Gerhanl prepared a similar soln. by mixing magnesium 
sulphate with sodium sulphide or calcium sulphide ; J. Thomsen, and A. Bechamp 
worked with a soln. of barium hydrosulphide. 

J. J. Berzidius, and A. Bechanq), found that the soln. deconqioses when an 
atti'nqit is made to cone, it by evaporation in vacuo or in an atm. of hydrogen ; 
F. G. Reichel found some thiosulphate is formed. Similarly, when the soln. of 
magnesium hydrosuljihide is mixed with a cone. soln. of potassium hydrosulphide, 
or when a cone. aq. soln. of magne.sium chloride is mixed with a cone. soln. of 
potavssium hydrosuljihide, hydrogen sulphide is given off. The soln. is also decom- 
posed on boiling. According to E. Divers and T. Shimidzu, when the impurities 
have settled, the soln. is nearly colourless, and the slight yellow coloration is due to 
polysulphide formed by the action of ferric oxide in the magnesia, or of air. The 
polysul])hi<le is deconqiosetl by hydrogen sulphide and Rul])hur W'hon the products 
are magnesium hydrosidphide and sulphur ; and it is but slightly decompost'd by 
boiling the liquid when the products are magnesium hydroxide, sulphur, ai^d 
hydrogen sulphide. At 12”, a soln. of magnesium hydrosulphide with 16'31 jH*r 
cent, of Mg(SlI)2 has a sp. gr. Iil8; the aq. soln., at 60”, develops a steady 
Stream of hydrogen sulphide, and magnesium liydroxide is precipitated, and the 
evolution of gas can be maintained for a considerable time longer by raising the 
temp, to 90'’-100“. This is recommended by them as a source of arsenic-free 
hydrogen sulphide. The aq. soln. oxidizes on exposure to air, forming thiosulphate 
and |)oly8ulphide. “ If the soln. be left at rest, oxidation is much impeded by 
the formation of a firm colourless transparent amorphous film on the surface of 
the liquid, consisting apparently of magnesium hydroxide, but possibly of tuagnesium 
hijihosryhydwsitlphidtty Mg(0H)SH. The soln. does not readily, if at all, absorb 
carbon dioxide from the atm. in the early stages of its decomposition.” Maj^esiuni 
hydro8ul])hide is readily deconifHMsed by an acid giving off hydrogen sulphide. A 
soln. of magnesium hydrosulphide dissolves antimonic or mercuric sulphide, forming 
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§ 12. ICa^nesium SulpludM 

Magnesium sulphate occurs in nature in rhoinhic crvstal.s of hfseritf or reieJiardiie, 
which is the inonohydrated sulphate, MgSO^ H.^0. Tin* mineral may ho maaaive, 
compact, or granular. Early analv.ses u< re made hy C. F. liammelaherg, M. Siewort, 
B. Ix'opold, L, N. V’^am^uclm, and E iieichardt • It oecurH in the St^wwfurt salt- 
mines in beds ‘J-12 ft, thick with alh'rnaling layers of sodium chloride ; and it 
is often mixed with caruallite and gypsum Magnesium suljiliate also occurs in 
rhombic crystals as Epsom sails, or cpMwnif. which is the lieptaliydrat('d sulphate, 
MgS04.7H20. HeptahydraC’d iiiagnesium hulphate has r<*<'eived many other names : 
Seidlitz sail, sal amirum, sal anghram, sal vallmrltcum, Scidschutz sail, bilUr sails, etc. 
The mineral apjiears as a delicate librous scum or elflon'scem e on walls, and rocks ; 
and in the galleries of mmi‘S and eaves ; it has b<‘en rejmrt/ed in gypsum minei, 
limestone caves, and on dolomit^-s, serjMuitineH. etc. W. H Emory * n'jiorted it 
in the Californian jilaiiLs, ea.st of 8at) Diego. Magnesium sul]>hHte is also found in 
many iijin<*ral waters and sjjrmgs, and in (he bittern of sea-water. Analywis have 
been made by J. Bouis, A. Dufnuioy, F. Stromeyer and J. F. L. Hausmann, etc. 
It also occurs combined with calcium, sodium, and potassium suljdiates as ('.nmplejc 
or double salts {g.v.) 

Crude salts an* mined, and 8hippe<l as a commercial griide, or the salts may Ihj 
refined by crystallization. MagIle^lum sulphate obtwned by crystallization from 
aq. soln. is usually in the form of epsomile, i.r. the heptahydrate ; and it is con- 
veniently made by dissolving the oxide, hydroxide, or carbonate in sulphuric acid, 
and evaporating the soln. to < r\staili/.ution The purified carbonate or hydroxida 
can be obtained from the purified chloride, q r. It is doubtful if crystals of the 
anhydrous sulphate have been mudi*. According to T. Graham,* anhydrous 
magnesium sulphate, MgS04, is obtained by heating the hydrat<‘d salt “ to 
incipient red heat for a considerabh* time.’* lucipieiit red heat is rx*rtainly over 
600®. Hence, from G, H. Bailey’s oltsi-rvutions some oxide is probably formed as 
well. C. Schmidt made the anhydrous sulphate by warming the hejitahydrate to 
200°. H. G. F. Schroder found all the waUrr is expelled from the hydrat<;d salt in 
vacuo at 180°. 

llfagnftdiim sulphate has been ohtainexj by evaporation from minerai waters and salt 
springs ; or as a bjTproduct from the mother liquid remaining after tbo evaporation of 
sea-water in "'aking goaHnUt. F. MicheU * prepared it from the kieserite retnainiiJg after 
the extraction of potassium chlonde from the Stassfurt Abraumsalzen. E. F. Anthem 
obtained it as a ^-product in the preparation of carbon dioxide by the action of snlphufio 
acid on mogneeite. J. H. Bwindells treated dolomite with sulphuric acid, but found much 
VOL. IV. y 
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Aoid WM <ixp«nd«d in converting the CAlcium carbonate into eulphate ; «id F. Findeiaen 
propoaod to remove the lime by waahing calcined dolomite with water— the decalcifica- 
tkm oi dolomite. The irnpuritieit in commerci^ magneeium sulphate have been discuasod 
by W. L. Kfilreuter,^ J. H. F. Fagenstecher, and by FI Bilta, and E. Merck. 

The hydrates of magnesioiii snlphate.—Hydrates of magoesium sulphate, 
MgSQ^.nHjO, have been reported, with n~l, l u, 2 , 4 , [>, 6, 7 , and 12 . The hexa- 
and hepta-hydrates have each two different crystalline forms. The mineral kieserite 
occurring in the Stassfurt salt-beds, Hallstadt, etc., and named after M. Bjeser, 
of Jena, is the native form of monohydrated magnesium sulphate* MgS04.H20. 
This is a light grey, fine-grained mass which has been ana^y8ed by C. F. Ram- 
melsberg,* E. Reichardt, J. Brauning, ete. According to H. Crime berg, the grains 
are often cemented together with sodium chloride, which can be removed by 
washing. L. I’layfair and J, P. Joule made the monohydrab^ by heating the 
heptahydrate to l.‘i()'- 140 '. According to J. 11 . van't Hoff, W. Meyerhofier, and 
N. Smith, it is formed by heating the heptahydrate to 132 ^ ; its temp, of formation 
from the hexahydrate is between G7' and G8‘", so that the intermediate hydrates 
can bo fornu'd only by slowing down the speed of the transformation. Well- 
formed crystals are not common ; but it does occur as o(?tahedral crystals. 
According to G. Tschermak, tlu* crystals do not lose their water at lOO'", and when 
heated to a higher temp., they fly to pieces without melting. G. Clemm found 
that the crystals dissolve miehunged in cold wab-r, and that the solubility do(*8 not 
exceed that of gypsum. The solubility curve is indicated in connection with Fig. 22 
When kept in moist air, E. Reichardt found that the crystals become opaque, 
take up a mol of waU‘r, and set like a cement ; while F. Biscliof said that under 
wati'r, the crystals likewise set to a cement-like mass which dissolves in warm watt'r 
os the heptahydrate. According to H. Griineberg, when the crystals are calcined 
—presumably the anhydrous salt is formed — the powdered mass readily dissolves 
in hot water. T, Graham showed that the odd mol of water is not expelled from 
the munohydrate at 2lO '“ 23 »H\ and he applied the term water of comtitation or 
water of halhydration to this mol of water to distinguisli it from the wab*r of erystal- 
lizution. S. (J. I’lckering said that the gist of this theory is that the so-calleil con- 
Btitutioual waU*r is not water at all, but hydrogen and o.xygen, forming part of the 
salt nucleus itself ; crystallized magnesium sulphate is not the heptahydrate of 
S02(Mg02) but the hexahydrate of SOfAlgO^KllO)^, that this latter salt (improperly 
regarded as a monohydrate, S02{iMg02) H^O, is an “ atomic ’* compound decom- 
noaable by heat into H02(Mg02)-f-H20, just as monosodiiim phosphate, 
rO{Na())(HO)u, is decomposiid by the same agimt into a totally diUerent salt, 
P02(Na0) and H2O. Ho further argued that wc have no grounds for supposing 
that the various water mols. in a hydrated salt are not all combined in a 
similar manner, and do not all occupy e.xactly the same petition with regard to 
the salt nucleus ; that, in short, a hydrated salt is not a sym.Tietrical sul^tancc. 
At the same time, it must be admitted that we have no positive evidence to show 
that it is symmetrical. E. Erlenmeyer represented the formula of magnesium sul- 
phate with a molecule of T. Graham a water of halhydration, by HO.Mg.H8O4. 

Analyses by C. F. Rammelslierg, and by E. Reichardt point to the possible 
erxistouco of a hydrate in termed iatt^ between the mono- and di-hydrates ; 
N. A. B. Millou also obtained a hydrate which he regarded as MgS04.1iH20, by 
heating a higher hydrate to 110 - 115 " while the monohvdrate is formed at 140 ° to 
180 ° ; J. H. van’t . Hoff and H, M. Dawson showed that the composition 
more probably corresponds with pentatetritahydrated nm gniwiiini si^phate, 
Mg804.lJHg0, and that it is best obtained by keeping the soln. used for the prepara- 
tion of the tetrahydrate, or by evaporating that soln., at a rather higher temp, 
than is omjiloyed for the last-named salt. These temp, are above the transition 
temp, for the change MgS04.4H20--»MgS04.14H20, which is nearly 20°, but at 
20 ° the evajioration must be very slow to produce the pentatetritahydrate. This 
salt crystallizes more readily than the dihydrate from which it is readily obtained, 
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ra the pre^nce of mapesium chlotul,-. l,v ovaiwatUm at O:.', The en-aUla of 
this hydrate are quite different from tht...' of kn'Si'nte. 

L Playfair prepared dihydrated magnesium sulphate. IMX). hv boiling 
the finely powdered heptahvdratf with altM.luw ahchol, and hv heiting the 
heptahydrato to lOU . Ohservalions hv N A. K. Millon judnt^sl to the (‘xisteiiee 
of a dihydraU'd niagnesiuiu Milj.hiite. ^ H van t llolT and 11 M Duwson hmnd 
that this salt is not obtained hy ktipiii;: at thr Niln e<»iitinning niugnt'MUin 
chloride front which the tetrahv dnit<* is j<ioduM‘d, hut is formed hv rvaporuling the 
soln. at a higher temp. \Nlu-n u white, If.idly er\.stalli/.mg. mass is tornu'd along witli 
the crystals of the tetrahvdralo Tie- transition temp. MgSt>, iUj)~>MgS(h 1*11.0 
is approximately 1*5 , and tlie diango. at this temp . van he ohNi r\«'ii under the 
microscope. J. B. Hannay ohtaiied t vuitneo of tin* formation of this coinjamnd 
from the tlehydration (;urve of the hiL’lier hxdrat^'s, and J, Thomson from the 
heats of hydration. 

According to J. H. \ant Hull and T Kstreieher-lhi/hiirskv, when a soln «>( 
magnesium suljihate and eiiloride is r\apurated ov* r sulphun* and at 1*5 ', ervstiils 
of the hepta- and hexa-liulrales lir>l separate, then follow crystals td peuUhydrAtPd 

magnesium sulphate, MgSth 5li.(.h and latrr still, six seh d plates of tetra> 
hydrated magnesium sulphate, MgS04 ili.th apjHar. The crystals of the tyyu 
last-named salts are unstable L 1‘layf.iir, and T. K Thorp*’ and J. I Watts 
claimed to have made the p*‘ntahy drat*- hy <lrymg th<‘ lu jdahydrate over siilphiino 
acid until it ceased to lose yy eight .) li van t W MeyerhofTcr, and N. Smith 
found the trausitum temp MuSth Ul.O, to he 77’5' ; ami nearly 

the same hunj). for .MgSO, (IH.O- >.MgS( h 

W. Haidingf’r, ami 11 Lctwcl ohtauud m<»noelinie ery.stals of a-hexahydrated 
magnesium sulphate, a-MgS(h (ill.o, r' s*‘mliiing thom* of borax, by eva)(oraling 
an Ufj, soln. of magnesium sulj)hat«‘ until a skin is formed, and then k»'<’|»ing the 
soln. for a long time at 1*5 to .’Ki J (’ <1 de Marignac rf’commemh'tl draining 
tlm crystals, and drying them at l<Ki \nortlmg to K. MitseluTlich, the erystals 
of tlie heptahvdrate at 52 rapnlly low (Ui<- h**y <’nth of ilieir wah‘r, and form an 
aggregate, of small prisms. II l.oy\<‘l ohs* rv*'d that yvhen a wdn , preoan'd hy 
(liss<jlviiig2fK) to 225 parts of tie- h*'j»taliy«lrale m KK) parts of water, is alloyyed to 
stand for some time in a clost *l vi‘.s.s*’l. momK lmic erysUls of the hexahydra* ’, or 
hexagonal (Tvstals of tli<’ In ptahytirate, may !>*• forim’d ; if the tem]>. is hetwi’en 
U"" and 2T, the ervstals ferm sloysl) and a]»pear as long jirisms ; if tin* temp, be 
lower than this, the crystals form rapi<lly ami aj»jM>iir as small needles. Aeeonling 
to L. de Boishaiulran. te1rag<mal j>yranmlal crystals of ^•hezahydrated magnesium 
sulphate, j3-MgS()j tillj), an* j.ro*lm «<l by wM*ding a cone, soln. of magncKium 
sulphate with t<*tragoiral « rystais «»f m* kel * uprie sulphate or zinc eujtrie sulplmU*. 
The crystals are unstable and readily j'uss int^) tin* a-form. K. Wh'di'iiiann found 
that at about fS) , tlie hejitahvdrat** j.asws into a labile or /3 hexahydrute ; 
J. K. van der Held** plae<‘(l tin* t^ inp at 18 2 ', and later. 47 2 . In tin* jiresenw 
of potassium suljihate, K. Wie*l''m.mn found that the labile ^dn'xahydrate passed 
into the stable a-form at IMk' . «*r a'*4)rding to J. K. van der Held**, at HK 5 , 

The crystallization of an a<i ndn of magm-sium sulplmfii below 25' fiirnish*'s 
the. ordiiiarv or rliombn (ry-ntais of a-heptahydrated magnesium sulphate, 
a-MgH04.7H.,0. This salt i.** n pnx nted m nature by the mineral (pHomilr. 
According to” H. Ldyy*l. a Kcoml form, ^heptahydrated magnesium sulphat^ 

^-MgS04.7H20, ajipears m monm imie crystals when a HU])ersaturafci*d aij. soln. of 
200 to 225 grms. of heptahydratcd mugin siiim sulphate is kept In tween H" and 2r 
for some time ; and L. de B<ns))audran obtained the jS-hepUhydrate by iM’oding 
a rather more? dil. soln. with a < rystal of cupric or ferrous sulphate. K. Jiinecke 
found the heptahvdraO* is in (■•juiliiinurn with the hexahydrate at 5r. 8. Takegarni 
obtained octohyitalted magnesium sulphate. iIgS()4.8H20, and he gave for the 
transition iioints : 

^ (s 2* nr 

MgS04.8H2(> ^ Mg804.7H2() ^ MgS04.flH2() 
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j. Fritxiiche prepared cryatala of dodaOihydrttad 
^MgS04.13H20, by neezing a aak. soln. of magnesium sulphate below 0®, and slowly 
thawing out the ice at O' . The cr}'btal8 are opaque when prepared on a small 
scale, but transpan^nt if jirepared on a large scale. Above 0'^ they give off water 
and are converted into opa(]ue cr)'8tal8 of the heptahydrate, without changing 
^ir form. 

The icdubility of magnesium sulphate. — Some idea of the relationship between 
most of the different hydrat4*H of magneMium sulphate can be gathered from the 
solubility curve, Fig. 22. Early determinations 
were made by J. L. Gay.Lussac,^ E. Tobler, 
E. Diacon, G. j. Mulder, C. von Hauer, and A. Ge- 
rardin. The first-named represented his results 
at by the solubility curve 2r>'76-bO 478160, 
but A. Ktard show'ed that between 0° and 123'^ 
»S^20‘5-f0'227t>6> gives lietter results, and between 
123“ and 190“, ^-48r)-O-44()30. The best 
repr(‘Hentative values, com]>iled by R. Kremann 
for the stabh* binary system MgS04 — H2O, are 
illustrat'd by the continuous curve ABCDELM^ 
Fig. 22. The ice-line, AB, by F. Itiidorff, and 
L. C. de Coppet, corres|)ond8 with a percentage 
solubility, acconling to L. C. de Coppet, of 13*9 
per cent. MgS04 at — 2'9“, and, according to 
J. H. van’t Hot!, W. Meyerhoffer, and N. Smith, 
with a eutectic at —3 9“ and 19 per cent. 
MgS04, B. The solubility curve BC refers to 



Fio. 22.~ Solubility Curves of 
Mogmuiiuiu Sulphate. 


systems with the dodecahydrate, MgS()4.12H20, 
at 1'8° and 21*1 piT c('nt. MgS04. At the transi- 
tion point 1*8“, both the dodeca- and the 
rhombic hepta-hydrates are in equilibrium. The 
solubility curve ('/> refers to .systems with the 
rhombic heptahydrate as solid phas<' ; at the 
transition point 1), by J. K. van der Heide, 
48“ and 33 }Hjr cent. MgS04, l>oth the rhombic 
heptahydrate and the he.xahydrate' are in equilibrium as solid phases. J. K. van 
dor Heide gavi^ 48"^- 48*5° for the transition point of the h('})ta- to the h»*xa- 
hydrate ; and ('. D. Caqienter and E. H. Jette gave 48*4°. The curve DE 
repn'sents the solubility of hexahydrated magnesium sulphate where A’, according 
to J. H. van’t Hoff, W. Meyt’rhoffer, and N. Smith, represents the transition 
point— at 08“ and 37 ])er cent, of magnesium sulphate — hn'tween the hexa- and 
mano-hydrat(>s. TTie solubility curve ELM refers to the monohydrate*. The 
percentage* solubilities at the intermediate points are : 


MgSO, 


10® W 30* 

23 0 20-2 290 


40 * 

31*3 


60 * 

33*6 


CO* 
36 6 


M|i804.7H,0 


MgSOi.eHgO 


80 " 

38*6 


09-4* 

40-6 


1 « 4 " 

29-3 


188 " 

20*3 


MgSOj.HjO 


where (W is compiled from data by H. Lowel, E. E. Basch, and G. J. Mulder ; for 
DEy from G. J. Mulder ; for EL, from A. Geiger ; and for LM^ from A. Etard. 
Metastable systems are represented by the continuation of the ice-line BG to 
— 8*4“, a comjwund, according to L. C. de Coppet, with 23*6 per cent, of magneeium 
sulphate, and 0, according to F. Guthrie, with the eutectic between rhombic hepta- 
hydrate and ice, at — 5 0“, and 19 per cent. MgSOi. The curve CO by H. Lowel 
represents the rhombic heptahydrate which has 20*6 per cent. MgSQi at 0®. The 
dotted curve PK by H. Lowel mpresenta the solubility of the hexagonal hepta- 
hydrate with solubilities at U“, 10“, and 20“ of 25*8, 27*9, and 30*0 per cent. MgSQ| 
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respectively. The dotW curvi*8 SK, Kh. aiui EO, by G. J. MuWer, wpfwent 
the percentage solubilities of the hexahv drate : 


Mg80,.6H,0 


0’ 

29-0 


S7 .1 S9 1 


«> 

40 -ti 


100 * 

42n 


By cooling a hot soln. of rone, sulphuru' m'ui sat with anhydniua msfinesiuitt 
sulphate, H. Schiff obtained a s\ru}*v lujuid N^lueh furnished six-aided plotea o 
majpMwinm hjdrotetrasolphaie, MgSfb :iHoSi)4; and Selmlu obtaiuMt CT^’S^ 
of ffia gnAMPm hydrodisulphate, MgS04 lLSt>4. or Muflist'^b.,. under suuilar 
conditions. J. Kendall and A W. Davol.son found the solubility of normal magne- 
gium sulphate in sulphuric acid does not t'xreeil 1 4 molar iH>r cent even on >oi mg. 
The sat, temp, of soln., with the solid phas^' MgS(t4 .‘illoSOi, wen* . 


Per p«'nt. MgSOi 
Sat. temp. 


0 18 


U 32 
44 2 


0 82 
tUi O'" 


0 77 
72 3 


I 07 
82 8 ' 


MK 

8(17 


I 87 


Tli« salt »'«» not oomiiH. lv diswilvid with Im. 1 |"'r ci'i't 11. 

found tho orvstaU aro liosa«oiu.l i.lat.-» too .Hova -'-nt t<. !«• aatis a. lonU on aauro 
cryatallogiajihicallv. 0. Taiuniann foimd tho aalt to !«• 

wten tho^^Jln. ia .hlutod, C. S hulta al«, found that lauhn^ f 

diasolvoa about 2 i..>r .cut, of 

deposita crystals of magnesium hexahydrotetMulphato, - s *' 

M(tR ) which K Hftushofer beliexcd to liclong to tlic monocbnu H)8t4 in. 

Wit'ichlr stabd tl,at .na.ocsuun sulphate dissolves 

ite soln. in this a< id. it n » i t mwl Kui enns of llh tier cent. /ofwio 
soln. of magnesium sulpbati'. ',7 .l“I' " .\rcording to C. Hensgen, anhydrous 
acid, at ISI '. dissolve O M grm. ol *''*=''* J,’ i.ydroehlorio acid, and 

magnesimn sulphate is hut vert „( ;.fvstallir.ation dilutes 

the hydratol ' j ^ ^f hv-lmg-n chlonde on the hy.lratod 

the acKl. ,L- water of ervstallmation, forming a liuuid in 

l;h thranhSlrtrsiris -..luhle, but a, the’ b>dr.Hihl«rie aeid thus /ormod 
tKicomes disaolvos hep^ 

hydt:“dt^^resl;. 

if sodium chlor.de f« dissolved in a . „.d,.posiU 

named salt separates out. x p- voii Urottlius found that if the 

both salts in crystals without alt* rati . ,,i„e,neftiuni chloride is dissolved ; 

residue W pulveri..il and hoih-d in .^^Kre : magnesium chlonde 

consequently, as Stated b> C .1 B ‘ ■ J^it« V VV. Hchceh* ghow(*d that 

and sodium sulphate as well as ^ I', > t|„t decahydrated sodium 

above 0°. there is very little change, hut Is low Hiat temj J ^ 

aiilphate erystolliiea out and magnesium sulphate and one 

}. J. Berzelius, if a soln. of 2 parts » nptiui, m ^ B ^ ijtti., . 

part of sodium chlornlo J, h,.u. is precipitayd and magne- 

and then cooled to -3 , decan} ^ntly warmed the origmal salt* 

sinm chlonde remains m soln. ' deposit* anhydmus i^ium 

are reproduced, but 8lmve.u(.^ ad M H of magnesium sulphate U 

suIphL. C. d. B. - ZhZnJLiuJcldoridc, p.^W«m 

decompoeed by double " [,^|j ,„|,,hate so pnslu(»d umU-s with the 

t-douhll .u.phad. K. round a mt. 
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8oln, contains I.'j ^>9 parts of sodium sulphate and 15*31 parts of magnesium sulphate 
per UM) parts of water at O'" ; and E. Diacon further found that KlO grms. of water 
dissolve at 

17 0* 24-1^ 30'’ 33“ 36" 40’ 

Na.SO, . 1670 2570 29 73 27 82 26-29 2401 

MkSO* . . 30 41 31 01 28-92 24 87 26-59 30 89 

C. J. R. Karsteii and others have also discussed this subject in connection 
with the double salts of magnesium sulphate witli sodium or potassium sulphate. 
C. J, B. Karsten found In*ptahvdrated magnesium sulphate dissolves rapidly 
and without precipitation in a (tone, solii. of potassium nitrate, but w'hen 
potassium nitrate is slowly dissolved in a (;onc. soln. of magnesium sulphate, 
jiotassium sulphate is precipitated. The heptahydrat(‘ dissolves in a cone. soln. 
of sodium mtrale without pn-cipitation, but only a little sodium nitrate can be 
dissolved in a cone. soln. of the heptahydrate without the soln. becoming turbid 
owing t-o the separation of magm'sium sulphate. II. Brecht and B. Wittgen, 
C. J. B. Karsten, G. ,1. Mulder, E. Tobler, II. S<'hitT, and II. Schwarz made observa- 
tions on the solubility of magnesium sulphat<‘ in .soln. of potassium sulphate. 
H. 8. van Klooster measured the perc<‘ntag(! solubility (grams of salt in UHJ grins, 
of sat. soln.) of magm-sium sulphate in aq. soln. of pota.s.smm sul])hate, and found : 

26 57 26.39 16-36 13 26 12 68 10 69 4 00 0 

. . 0 2 34 4 02 M43 10,34 10 70 10-84 11 03 10 77 

Solid phuHcrt ' MKSO,h^o,..irp) ' iTjSoi 

According to (!. ,1. B Karsten, an a<j. soln. of magne.sium .sulphate dissolves 
some CElcittm hydroxido from which (-alcium sulphate and magne.sium hydroxide 
separate when tin* soln. is dil., and a ba.sn-. magne.sium 8ul|)hate if the soln. us cone. 
According to II (Iriineberg, a mixture of 2 mols of kie.serite, and one of calcium 
hydroxuh* made into a slip with water, sets to a hardne.ss with the evolution of 
heat; if the mi.xture be calcined and powdered, and again mi.xcd with water, a 
marblcdike mass is formed. (!. J. B. Karsten found a .stiln. of magne.siiini siilphati* 
dissolves a little calcium sulphate, while J. If. Drdze found that a (one. soln. of 
magnesium sulphate dis.solv<‘.s no cah-mm sulphate, and g\])sum is precipitated 
from its aq. soln. by adding some In'ptahydrated magnesium siiljiliate ; ac(‘ording 
to R. hasslx'ndcr, the precipitate contains 15 per C(*nt. of nuigiK'sium sulphate and 
has a crystalline form different from gyjisiim T. S. Hunt and F. Hoppe-Scyler 
have studied the action of calcium carbonate on soln. of magm’sium sulphate. 

Ac(’ording to H. Schilf, aq. soln containing 10, 2n. and 10 ])er cent, of ethyl 
alcohol dksolve respectivt*ly 61 7. 271, and jxt c(‘nt. of heptahydrated magne- 
sium .sulphate at lU"". At higln-r temp., .said A. Gerardin, the .solubility increa.9e8 
proportionally with the temp. G. A. L. de Bru\n found tliat lOO grms. of absolute 
ethyl alcohol, at :V\ dksolvcd il] grms. of the heptalndrate, and lUO grms. of 
absolute methyl alcohol, at 18", dissolved 118 grms of anhydrous magnesium 
fl grnus. of the heptahydrate at 17°, and 2!» grms. of the heptahydrate 
at 5° to 4° ; wdiilo UX) griius. of tb per cent, methyl ahsdiol dissolved 97 grins, of 
the he])tahydrat4‘ at 17°, and 1(X3 grins, of 50 jier cent, iiu'thyl alcohol dissolved 
4 1 grms, of the heptahydrate at 3° to 4'^. According to W. Eidmann, magnesium 
sulphate is insoluble in acdntie, and J. F. Snell found that with acetone and water, 
the soln. separates into layi'rs with certain eoncentration.s. J. Timmermans 
studied the ternarj' system phenol, magnesium siilpliati*, and water. A. Kohler 
found 100 grniB. of a sat. soln. at 31*25° contained 4()'52 grins, of sugar and 14 grms. 
of magnesium sulphate ; 1(X) grms. of water dissolve 119*6 gnus, of sugar and 
36 of magnesium sulphate. 

physical properties o! magnesium sulphate. The crystals of mono- 
hydrated magnesium sulphate were found bv G. Tselu-rmak « to be nionoclinie 
pyramids with axial ratios a:b: c---0*9147 : 1 1 7455, and ^-=91° 7'. G. Wvrou- 
boff found the crystals of the tetrahvdrato to bo monoclinio pri.sms, with a:b:c 



maunesium 


=0*450 : 1 ; ?, and ^=90° IT ; whili* the ]M'ntahvdraU‘ forms tricliuio piiiao(>ulft» 
with rt : 6 : c=0'602I : 1 : 0 5(KX), und a si p 109 O', and y==»l04‘’ 55'. 
L. de Boisbaudran found the crystals of OlLi) Oi be tetragonal pyramids ; 

and those of a-MgSO^.riH.^O were found l>v .1 (' G. do .Mungnao u> he monocUaic 
prisms with axial ratios a:b:c rio:>9 • l ; l »u;83, and jS -98’ 34'. J. C. 0. de 
Marignac regarded the crystals of /3-\!i;S(h TlljG as trigonal, but 11 Kopp suppoaetf 
them to be monoclinic prisms, and li (hwsn.-r recalculated the mcasuiviwonta and 
obtained the axial ratios a.h.r I 2‘Jt» 1 . 1 .‘*82. and /J b>4‘ 24' From 
H. J. Brooke’s measurements it follows that a MgSth TlfAh or cpsoinito, forms 
rhombic crystals with axial ratio.s a - h e m tnsil : I : O .■»T(>9, 11, (Irandinger 

made observations on this subject K HUmus. ami J (Irailich have studit'd th« 
corrosion figures of epsomite. The latter wilt is tiic onlinary ft>rm of rnaghesium 
sulphate ; it readily forms su|H*rsaturatcd w.>ln , and, m conling to J M Thonison, 
the seeding of such soln. with < r)>tals of zinc, nickel, iron (ous). or l obalt sulphate 
causes crystallization, but this is not the case wlien (he holn. is seeded witli erystAls 
of sodium chloride, thiosulphate, or with iiotasMum magnesium sulphate. 

The reported numbers for the specific gravity of anhydrous magnesium 
sulphate, MgS() 4 , range from (’ .1 11 Karsten H® 2 bdtiti ; K. Filhol s 2 628 ; C. Paj>e a 
2'67o (16°) ; L. Playfair and .1 P Joule s 2 TttO ; T, E. Thorpe and J. 1. WatU’ 
2*709 at 15° ; to 0. Pettersson's 2*77t» at I:1S and 2 795 at 1 1 H. 0. F. Schroder 
gave 2 829, and if prepared bv dehydrating the ordinary salt without fusion. 2 480. 
The sp. gr. of monohydrated luagneMum sulphate, MgSO^ H Jb m the form of 
kiescriU* was given bv K. llischof a.s 2 M7 : and G 'Ischerinak gave 2,509. For 
the artificial salt H. G. F. Sehroder gave 2 :185 . L Playfair and J. P. Joule. 2 478 : 
C. Pape, 2*281 at 16 : 0. Pe((cr.H.son, 2 .'$39 at IP ; and T. K, Ihorjie and 
J. I. Watts, 2*445 at 15 For the hji. ur of dihv<lrab*d magnesium sul)>hatR, 
MgSb4.2H20, L. Plavfair an.l J P J<mle gaw 2*279; and T E. Thorpe and 
J I Watts 2*;i7:i at^ir)°. For the .s|) --r of peiitaludraU'd magnesium sulphate, 
MgS(b.:>IP,b, L. I’lavfair and J I’. Jou’- nave I 869. G WyrouliofT. 1 718 ; and 
T K Thonieand J. 1. Watts, I 869 at 1 5 . Similarly, for mono.Jimc hevahydraU^d 
magnesium sulphate. MgS ()4 6H.,G. Plavfair and J. 1’ ^ / 'I* 

T. E. Thoriic and J 1. Watts. I TM at 15 A.conlmg U. H SJiiilze, 
of the two modilication.s of the In-xahulrate are respei-tively 1 8.»H1 ami 1 dril. 
J. W. Rcteers gave 1 691 at 16 for the .s,, gr of labile mono. lime. hcjJ.aliydratod 
” ),( r «»f d'‘terminHtioiiH of tin* sp gr. of rhombic 


J D IVbos' 1G;W at i:. :. to K Kilhol « 1 .-.71 ttlloT ,l,.toriiiinuti.,rmw..iv iti^o 


hardness ; the hardness 
sulphate ami its hv.lrat^'"« 


nf ka-erit.‘ is 3 The specific volumes of magnesium 
d. tt rniimd b\ T E Thorpe and J. I. Watts, are ; 


m, 1 I -i.Hsiilved maun.’bmm sulphaU*, calculab d from the sp. gr. of 

The mol. increi^s with a rising positive value as the 

the aq. aoln., is ^ro in 0 • .\ ^ ^ contraction 

rroS™.“ .v.,”i n. .i. ... .1 “r 
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0, T, Qerlacji meastired the ap, gr. of aq. aoln. of magnefliuni sulphate at 15®, and 
making a selection from these values, 

Per een(. MgS 04 .1 2 5 10 15 20 25 

9p.gr.. . 1 01031 1 02062 1^5154 M0529 1 16222 1 22212 1 28478 

H. T. Barnes and A. P. Scott also measured the sp. gr. of soln. with 2 Ol to 26‘25 per 
cent, of MgS04 at 18 2® ; and J. G. McGregor over the rapge 0191 to 1132 per 
cent, of Mg804 at 19*5®. The latter represented his results at 2^)' by the formula 
iSa»=5|-f0'0106324tt', where w denotes the percentage comj)OMition, and Sf the 
fp. of water ; at 23®, the constant is 0 0098176. F. Kohlrauseh and W. Hail- 
wachs, 0. Pulvennocher, and several others have made more or less subsidiary 
determinations- e.7., H. C. Jones and F. H. Getman, 1), Dijken, J. Forchheimer, 

O. Schdnrock, W. Ostwald, J. Kannonikoll, A. Valson, J. Thoms«*n, S. Cbaqn', 

P. Barbier and L Koux, E, Forster, H. Hager, P. de Heen, A. Sprung, K. J. Holland, 
H. fkmtis, 0. Knbfler, etc. 

The viscosity of aq. soln. of magnesium sulphate has lM*en measured by 
8. Arrhenius, 0. Pulvermacher, W. W. J. Nicol, and J. Wagner. The latU'r 
found at 25® for A-, ^iV-, and JiV-soIn., the respective visrosities 13673, 
1*1639, 10784, and 10320, when water is unity. H. Sentis, A. Battclli and 
A. 8t(‘fanini, and W. Gralx)WHky have measured the surlace tension of soln. of 
magnesium sulphate. The latter found for the surface tension o- and the capillary 
constant 

10* 30" 


J'or cent. MgSO^ 

. 1063 

18-83 

21-36 

10*63 

18-8;i 

.33 0 

a* »(]. mm. 

13 '94 

1321 

13 06 

13-46 

12 79 

12 45 

ff dyncM p«^r cm. 

. 76*2 

78*4 

79-3 

730 

76 6 

79 2 


P. G. Tait found the compressibility of 16 06, lO'f)!, and 6 23 per cent. aq. soln. 
of magnesium sulphate* to Im‘ j3 x 10®.- 29*6, 33*5, and 36*5 resj)e(‘tively. W. Wateon 
also ineasunMl this constant. T. Graham experimented on tfie ditTusion of magne- 
sium Hui[)hate in aq. soln. J. D. K. 8cheiTer measured the diffusion coefficient, of 
magnesium sulphate and at 5’5®, found that for soln. with 0'54 and 218 mols 
per litre, i' is 0 32 and 0'28 respectively, and at 10® for soln. with 0 40 and 3*23 mols 
per litre, ^ is 0‘34 and 0 27 respectively ; similarly, J. Hchuhnieister found that 
i is 0'28 for a soln. with 1’7 mols per litre at 10®. W. Stiles found that the rate of 
diffusion in O f) jier ccjnt. agar-agar is nearly the same as in wat<T ; and in 10 per 
writ, gelatine, the rate is decreased nearly 25 j)er cent. 

8. de Lannoy measured the thermal expamsion of soln. of magnesium sulphate, 
and he found that with 3796 per cent, of heptahydrated magnesium sulphate, 
for a t<unp. 0, between 0® and 40®, fi=:tJo(I~C’O5d-f()*O058r)d*) ; and between 40® 
and 75", v-=i'o(l'f^ O45910-fO'O5397d*) ; for soln. with 9*915 per rent, of the hepta- 
hydrate, between 0® and 40®, iJ=Vo(l-fO*04708d-}-005431^®), and between 40° and 
85®, t)~ro(l+0-03l037^-f0 053453^») ; for soln. with 19*688 per rent, of the hepta- 
hydrate, between 0® and 40®, f;=!’o{l-fOO^1390 f 0053350®). and between 40® and 
82®, v==t'o( I +O'O3l620-f 0 0527750^ ; while for soln. with 24*437 per cent, of the 
heptahydrate, between 0® and 82®, u— tJo(l-fO'Oj|2O790+O O52240®). E. Wiede- 
mann found the thermal expansion up to 50® to Ire quitt* regular, when the vol. 
ftbruptly increases, owing to the elimination of waOT by the salt : MgS04,7H20 
->MgS04.6H20-f-Hg0, and then expands quite n'gularly up to 93" ; between 93® and 
100® then' is a marked rontraotion, and this is subsequently followed by a regular 
expansion. 

According to G. H. Bailey, when magnesium sulphate moistened with sulphuric 
M)id is heated to 360®, all the free sulphuric acid is expelled and the weight remains 
ionstant up to 450®. R. Reidenbach found the weight of anhydrous magnesium 
lulphatt' remains constant from 650® to 7(X)®, but dissociation begins at 750®, and 
8 oonqileted at 850°. G. H. Bailey added that when the sulphate is ighited for the 
ixide, a trace of sulphuric acid is retained very tenaciously even after a prolonged 
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ignition. C. Dauh«ny foumi that the sulphate lost alxnit a uuarler of it* contained 
sulphur tnoxide when heated for 3 hrs. at a bright ri*d heat ; and h« at«t«d tJiat if 
heated wr a still longer time, the cold product gives a residue insoluble in waier» 
and which gives off some hydrogi'n sulphide when trt'sted with aridi. 
J. B. J. I), Boussingault stag'd that when small <piantities are heated in the blait> 
flame, all the sulphur trioxide can Ik‘ expelled. H. le ('hatcher stated that the 
decomposition of the sulphate begins at A S. (imslH*rg gaw 1120“ for the 

m al t i n g p<^t (f.p.) of molten magnesium .'mlplmte, and H. Narken, 1124‘'. The 
latter stated that the salt is considerablv deiom^KK-aHl at ils m.p, A<‘cording to 

G. J. Mulder, heptahwdrated magnesium sulphate, in dry air for If) days. h>ses 8 3 
to 9'1 per cent, of water, and its conijmsition nMtia ins constant ; and, according to 
T. Graham, if kept at 22' in vacuo, or at Kxi m air. rather mon' water than is 
required for tlie dihydnite remains; at alxmt 13li the inimohvdrab' is formed, 
and the latter loses all its ctunbined wat4T at a higher temp r«/c priqiaratiun 
of the anhydrous sulphate According to (J J. Mulder, the j>er (‘i*nt. water which 
is lost afh‘r heating to ; 

o)’ vj' 101 inc IT'.’ !?or 

Water loflt 8 7 .‘{.1 2 34 7 34 7 40 fi 40 H 41 rt 

Mol. eq. HjO 3.’)H,0 6M,U tiH,0 

The theoretical loss for tin* wliole of tin* water m the heptahydrate m 31 ‘2 por cent, 

H. (jr. S<’hr6d(*r found dt’hydration was com])lete in voi'uo at IHd ; anj^ 
V. A. Jarquelain found that the salt whieh has lost 12 4 per cent, of water in vacuo, 
regains all the lost water on e-xj)osure to air J, B. Uannay found the dehydration 
curve of the heptahydrab* at lui has breaks indicating the formation of the 
dihydrate and of trUnjiluiUd UKU/nr^ium eulphaU^ but (here is no oilier evidence 
in favour of the individuality of th<‘ trihv<lrHte. iS‘« the individual hydrat-«‘» for 
their temp, of formation. 

According toC. Pape.i* the specific heat ‘if solid anhvdrous magneaiuin Sulphate 
is 0'225 between 23 and l(Ki ; and, according to li. Kopp, theap. ht. of hepta* 
hydrated magnesium 8ul}>hate is (I'.’pil.'j between 2(> and 42 ’ ; i'. Pa|M» gave 0‘4(J7 
for th(‘ heptahydrate between 13 and 2^^ . ami O 2b3 for the inonohydrate Ind-wcen 
23 ami Rxi". J (’. G. de Mangnac found that the sp. ht. of aq. soln. of magne- 
sium 8ul])hate eontaining n mols of wat^r per mol of Mg8()|, are 
() 923(), and ()1I3:>(), when n :>(». Km. ami 2«M at 22 32 '. G Tammaim meaaured 
the s|). ht of dll soil! , ami other det^Tiniiiatums have IxM-n nnule by K. Hindel, 
H. Paglitmi. -I- Thoms. n, ami H, Temit G Jager found the tbenuja OOndUCttftty 
of a 22 per cent, soln of magnesium suljihate to Iw 97'3 when that of waK’r is 1(X). 

E. Cohen, 13 and P. C F. Frowem have measur»-d the vipoUT preSfUW of hc}»ta- 
hydrated inagnesiiiin suiphab* ; the formers results above 3(1’73 , and the latter* 
results below that temj).. are : 

14 9.V ‘M)iy 40 04' 4142* 43 40^ 47'4fl‘' 

Vap. pr^sw. . .4 93 12 29 18.34 37 90 41 80 43 37 64 31 nun. 

P. C. F. Frow'ein obtained lM-33 mm for the vnp. jiress. of hexahydrab’d magnesium 
chloride at 30'73^ This number is jirobably low, sinc4* E. (V)hen (»htained IH'96 rain. 


and H. Bolte 

]8‘92 mm. The vap pn'ss,, 

p, obtained 

by H. W. Fwite 

S. R. Seholes ; 

and // bv H. Bolte, are. at 23 




0 1H,0 1 411,0 

4 &II,0 

i eifjO fl 711, 0 

p imn. 

1<I 4 9 

H8 

9 8 116 

p' mm. 

46 

7 9 

10 1 120 


For the 6-7 hydrate, P. (’. F. Frowein gave Il f) mm, ; H. IjestK/'ur, 117 mm. ; 
E. C>jhen, 120 mm.; W. C. S< humb, 12 r»0 mm. ; and G Wiedemann, 18 0 mm. 
at 23^ A. W, C. Menzies showed that thew arc initial disturbanecs in the 
observed results due to the, redistribution of absorlied air by tlui salt ami 
apparatus. H. Lescoeiir found the vap. press, of a sat. soln. of magnesium 
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sulphate at 20'" to be 5*75 mm. 6. Tammann found that with soln. containing 
10 43, 25'33, and 5074 grms. of Mg804 in 100 grniH. of water, the vap. press, 

at 100*^ was lowered respectively 10'8, 26‘4, and 82 7 mm. ; and with soln. 

containing 6*33, 2610, and 48 71 grins, of Mg(H804)2 in 100 gmis. of water, the 
vap. press, at l(J(f was lowered 10*3, 57*0, and 136*1 mm. respectively. Measure- 
ments were also made by D. Caqienter and E. R. Jette. According to 
H. C. Jones and F. H. Getman,^^ the molecular freezing point lowering has 
a minimum with O'lBiV-soln. This ha.s iM'en also studied by T. G. Bedford, 
H. Hausrath, F. M. Raoult, L. Kahlenberg, E. H. Ixiomis, 8. Arrhenius, and 
A. A. Noyes and F. (}. Falk. From these observations : . 

Orms. MkHO, p.*r 100 j(rrna, 11,0 0 00141 0 02867 0 699 2 534 9 76S 18-343 

LownrinK of f p. . 0 000433'^^ 0 007382'^ 0 154= 0-469^ 1 629’ 3-471® 

Mol. lowenng of f.p. . .3 70“ 3 10“ 2 65= 2 23= 2 01“ 2 08“ 

The boiling point of a sat, soln. is lO.'i®, ue( ording to T. Grillitlis, and G. J. Mulder, 
108*4'^; G. T. Gerlaeh found soln, with 8 8, 3115 and 75 grins, of Mg804 in 
100 grms. of wati'r boiled respectively at 100*5", Kt'r, and I08 . L. Kahlenberg 
found the raising of tlie b.p. of soln. with 2*733, 7 236, 43*47, and 72 28 gnus. 
Mg804 per 100 grins, of water was respectively 0*0ll7' , 0*281 5 1 155 , and 3’630'', 
and the mol. raising of the b.p. respectively 0‘4>T, 0*47 ', 0*403' , and 0 (XC)". 

According to J. Thomsen, the heat ot formation is (Mg, 0, SOg, aq.) "-180*18 
Gals. ; and (Mg, 0.^, SO.^) - 232*31 Cals. M. Berthelot gave (Mg, 8, 20.,)-309*0 
Cals., and he also foun<l for (Mg(OJl)2,,r,jcipinit«i. If2^8()4„,j ) .’11 2 Cals. .1. Thomsen’s 
values for the heat of hydration with the 1st, 2nd, 3rd, . . . and the 7th mols of 
water are ; 

lit ^rid 3r(l 4Hi 5th nth 7th 

6 98 2-25 3*60 3 21 2 23 2 11 3 70 l'Hk 

F. RiidortT found the temp, fell from 19*1' to .3*1 ' on mixing 85 parts of tlu‘ hepta- 
hydrate with lOO parts of ^ater. T. Graham eonelud(>d from hi.s ob.servations on 
the heat diaengagt'd in the eombination of dehydrated magnesium sul|»liate \vith 
water that “of the whole heat- evtdved in tht‘ comidete hydration of magnesium 
sulphate, as nearly as po.ssible one-fourth is due to the eombination of the first mol, 
of water.” 8. C. I’iekering’s values for the heat Of solution m 1*20 mols of water 
per mol Mg8()4. at 22*2 ’, are 20*765 Cals for the anhydrous .salt. r2T'il Cals for the 
monohydrate, and - .‘V86 to .3*91.5 Cals, for the heptahvdr.ite, ,1. Thomsen 
found for the heat of .s«»ln in 4oO mols (»f water per m<d of the Huljihate . 

/»H,0 ... 0 1 2 3 4 5 i; 7 

C’lvla. . . 20-28 13 30 11 05 7 15 4 24 2 01 -0 10 3 80 

M. Berthelot and L. Ilosvay de N. llosva r<‘j)re.sent the heat of soln of the anhydrtms 
sulphate in water at 0"' by 200(K)-f0-0(KK)7(^ - 15). C, M. van Deventer and 
H. J. van de Stadt give — 41 Cals, for the integral heat of .soln. 

According to G.*Tseh<Tniak,^* the inonohvdrated 8ul[)hate has a positive double 
refraction ; so al.so. according to G. Wyroiibotl, has the tetrahydrate, while the penta- 
hydrate and the hexahvtlrate have a neg.ative double refraction ; and, according 
to A. des Cloizeaux, the rliombic he])tahvdrate has also a negative double refraction. 
The indices of refraction of crystals of heptahydrated magnesium sulphate for the 
D-line hav«' been jletermined by F. Kohlraiisch, H. Dufet, and A. Fock, while 
11. Topsoo and (' Christiansen found : 


^’-line 

M., 

1-4374 

1-4607 

.■4%7 

/>-line 

. I -4325 

1 4664 

1-4608 

('•line 

. 1-4.305 

1-4630 

1-4683 


C. Borel also made determinations over the range A~226 to A=718. The index 
of refraction of soln. of magnesium sulphate ha.s been measured by W. Hallwachs, 
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0. Pulvermarhor, B. Waj»ner, J. Dinkhatiat'r, and I). Dijken. Thi‘ ap, refmctiw 
power of the solid salt (ealculaled from ineasunMuenta on soln.) waa found by 
E. Forster to be 0‘21()2 at 24'. P. Barluer and L lioux measurtni the diajHTiMon 
of soln., and I). Dijken, the mol. ndraetion and disjM'wion. Aewrdinji to J. Foreh' 
heinier, the magnetic rotatoiy power, or the spoeitic (deetroina^netic rotittoil Ol 
the plane ol polarization of o ihit.V-, { and 2-73A’-sidn is o :m, o 313, and 

respectively, and the mol. e!e« tromapnetie. roUitton of tlie plane of jiolariwi* 
tion, 2 u4, 2‘02, and 2’ti‘J n'.spcctivcly. Thi.s eon.stant is therefon* independent of 
cone. 0. S<5hbnrock gave t>-2U7v8 for tlje specific n>tation ami I 980 for the mol. 
rotation. L. Lon^cltumlxm found the rotatory power td lieptahvdraUnf maj^neaium 
8ulphaU‘ is 19^ 1.'/ for both a.ves According to P Bary, anhydrous magnesium 
sulphate does not fluor<*Hee on e.ypo.nim- to X-rayi or to BeoQuerel's rai». 

The electrical conductivity of molten maunrsmm sulphate* and of mixtuMS 
with jiotassiuni sulpliati' has lieen measiin'd by A. IWiirath and K Dn’kiipf ; the 
electrical coudin tivity of aip soln. of magnesium sulpliate lias Iwcn incaMm'd by 
W. C. 1) Whetham, K Klein, etc P. Walden found the condiictivit\ , A. for an 
cq. of the salt in v litres to be : 

u . .32 01 128 250 512 1024 

A . . 73 0 83 0 02 0 1018 110 1 110 0 


H. C. Jones also nu asured the mol. < oiiduetivity, /i, and cah'ulatcd tic pereeiit-^e 

degree of ionization a. and the temperature coefficient, 4-, of the mo) conductivity 

between O and Ui , lie found atn . 


32 12 
28 11 
1 10 


8 

45 TO 
41 1 

1 r)2 


IG 

32 

128 

512 

1024 204e 

.50 05 

,511 57 

71 17 

9567 

102 7 111! 

45 9 

53 G 

04 1 

80 0 

92 4 1(K)0 

1 71 

2 01 

2 42 

3 27 

3 57 3-7i 

10 . 2 

, 3^»^ 

.'■> 0 ", and (if) . J 

Keii.iall and e^i* 

U(\ ( 

if soln. 

in anliydrous 

siiljdiurie, acid. 


Analogous results \vtTc <d 

workers measured the ^ 

G N I>i-\MsandG A Linhart measured the degree ol ionization of dil soln. of 
hia;jii.Muni , awl ti. N. Ix vvis ami M. KaiKlall, llio 


lon.s. 


Tlie transport numbers of 


ions have been studied by W, Hitl/Orf, 
\ (dias>y B D Sti elr W Ih in. K llopfgarticr. K B Denison, and O Masson. 

(' Ifeim found no sudd. n ehaiig.- m the electrical romlm tivity on passing from a 

state nf supersaturatiori to a state of ordinary soln. Aeiordmg to C, Bond the 
dielectric constants k^, L., and / , of epsomitc are respiM-tively H'2H (l U.i, and ; 
A. de tiramont sfmiied the pyroelectricity of epsomitc J. (Jrailnh and V yon 
Lang found that the < rvsfals are fe.ddy diamagnetic. The nwettc lUWptibiUty 
of anhydrous magnesium suljd.ate at 18 and 19 ' was found by_(.. Quincke, and 
S M(‘ver to be (l•:i(»«'l(» '‘units. (' K studley gave — 0 ItiXP) , and (i. MeHiin. 

for the heptahvdrated salt, S. Meyer gave -O'dO/lt) «. P. IW'al 

gave i;r.7XltV-MiDits for then,. deoetf. of magnew^^^^^ T u WU in 

The chemical properties of magnesium sulphate. J. B. Itiehfcri* fimt 

noted the evolution of ii.-at ^^hJeh oeeiirs when magnesium suljiliatj', after ignition. 
i« m,xo.l witi, water; an.l H von Itlmlmr not,..-., that tlm «lt 

(.raduallv abaorbed the of from tl.c air. Wh-n the aulphato m mated in 

a rurront of ateain. C I'l. nmi mil.d that the aulphnr tnox.do '-J' ■*" 
off C W Schcele found vitnoUb'd magnesia is l>ut little affected by nyufO- 
fluoric adi C Hi'twin n found that hjrfllOgen chloride t«Kina to art on nuigncwum 
aulphate at a temii. approarhinu rnJnraa, and thr rrartion « not ooraploM at 
this temp in 3 hra \ B IVarott found that wlmn a (tram of niaKnraiiim aniphate 
is evapomted to drvnraa with I 'W- gnna of hydria hloric mid roidainmif e2'>> 
of nn, 0 (10.3 grni. of magnesium chloride is f<»nned ( . J IV Karsten staW that 
n.at!nraiu.n sulphate n.rlta whan heated with lOdium cWotl^ and 
P'adily the greater thr pro|H.rtion of the Utter aalt; and 0. Oemm noted that 
when a mixture of the two salta ia heated in a current of ate'am, hydrogen chloride 
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!• evolved, V. Merz and W. Weith found that when melted in air wkh potoMhun 
iodine in set free. J, Zawadaky and co-workers obtained magnesia by 
tlw reduction of niagnesimri sulphate with hydrogen snlphide. According to 

J. L, Gay Lussac, when a mixture of anhydrous magnesium sulphate and oaihcn 
if heated to redness, a mixture of one vol. of carbon dioxide and two vols. of 
sulphur dioxide is obtained, some sulphur w lib(‘rakd but no magnesium sulphide 
if formed ; but P. llerthier obtained a tra^u* of the sulphide when the reaction 
occurs at a white heat. E. Kunheim obtained similar results. E. H. Riesenfeld 
has studied the reduction, and found that there are r oncurrent reactions : 
2Mg804-f C -2MgO+2SOa-f (X)2, and MgS04-fC-Mg0+S0/+C0. According to 

K. Stammer, carbon monoxide has no action on red-hot magnesium sulphate ; 
but, according to F. (1. Reichel, magnesium oxide, carbonyl sulphide, and carbon 
dioxide are tormed ; while 0. Buiidouard obtained magnesia, and carbon and 
sulphur dioxides ; J. Zawadsky and co-workers obtained in addition free sulphur ; 
and, according to E. Jac(|uemin, in the presence of steam, carbon dioxide and 
hydrogen sul[)hide are formed. A recently prepared mixture of hydrated magne- 
sium Hulphab' and sodium hydrocarbonatc was found by L. A. Planchc to 
dissolve in wutor without turbidity, but a similar mixture, after keeping some 
months, deposits magnesium carbonate. Aceonling to A. d'Heurcuse, when a 
mixture of magnesium sulphate and iron is heated to redness, a little sulphur 
dioxide is evolved, and a mixture of magnesium and iron oxides with a little 
iron sulphide is formed ; when zinc replaces the iron, a fulmination occurs. 
When a mixture of d'l grms. of heptahydrated magnesium suljihatc, 5*5 to 
9 grms. of sodium hydroxide, and loo c.c. of water is heated Itetwecn 195° 
and 205“ for 31-5.5 hrs,, two-thirds of tlu‘ magnesium sejiarates as hydroxide, and 
the remainder forms doubly refracting acieular crystals of magnesium hydroxy- 
SUlphate, hMg(()H)2.MgS04.3H20, which are sparingly soluble in cold and hot 
water, hut readily soluble in hydroehlorie acid. 

Magnesium sulphate is used in tanning leather, in sizing and loading cotton 
textiles ; in weighting silk, paper, and leather ; in dyeing ; inenami'lling industries ; 
in fireproofing ; in making paints and soaps ; in the manufacture of mineral waters ; 
and medicinally. 
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Thete compounds nre identical with anhydrous blodite and vanthof&te reapec- 
tirefy, the former existing in a-, p-, and y-modifications. Sodium sulphate only 
forms two modifications, the transition ]}oint Unng at 232"^. H, le Chatelier 
placed the maximum at Na^SOi 'iMgSOi, but tliis is wrong. Some early work on 
the mutual solubilitu^s of the sodium and magnesium sulphates has been previously 
indicated. 

Crystals of Ibwcitii, i.e. pentabemihydrated lodiiun m agn^sninm 
Na2804.MgS04.2IHji0, or Naj5Mg(S04)2.2iH20, w(‘re found in masses associated 
with the anhydrit<* at the* Ischl salt mine, Austria ; and they were described by 
W. Haidinger in 1846, and analyzed by K. von Hauer. Lowejte occurs in yellowish- 
white or reddish-white compact masst's. J. H. van’t Hoff and G. Just prepared 
this salt by dissolving lO o grins, of sodium chloride in a litre of water, and mixing 
this with a secmid soln. containing e(j. proportions of magnesium and sodium 
sulphat«‘s. The mixed soln. is then slowly evaporat4>d at 5.')' to 6()'', when astra- 
kanite begins to crystallize out. The soln, is then weeded with Idweite, the 
vessel closed, and kept for st;veial days at the same temp. CVystals of Idweite 
appear. According to .1, fl. van’t Hoff and A. O’Farelly, astrakanit«‘ is trans- 
formed into Idwmt<* at 71°; and a soln. which contains eij. proportions of the 
component salts, at a temp, exceeding TT first gives astrakaniP*, which then 
passes into IdweiU*. The transition temp, is lowered when other salts are prestuit 
— e.g. it is 43" in the presmic-*; of a soln. containing 2r> grins, of hi*|)taliydrated 
magnesium suliihati*, 7 grins of sodium chloride, 3 grins, of leomte, and one grin, 
of astrakaiiiti'. The optical properties of the crystals show that they belong to 
the tetragonal sysU'in, VV. Haidinger found the sp. gr. of Idweite to be 2‘376 to 
2’42 ; and thi; hardness 2J to 3 on Mohs’ scale. 

Reddish translucent masses of a mineral from the salt mines of Iwthl (Austria) 
were analyzed by J. F. John in 1811, and found to be eq. to tetrahydiatod sodioin 
magnesium ^phate, Na2S04.MgS04.4H2(), or NaoMg(S()4)2.4H20. The mineral 
was called btoditc, after M. Bldde. G. Rose obtained im])erfect crystals from the 
salt lakes of Astrakan, east of the mouth of the Volga, and he called the mineral 
(Utrakaniti' ; analyses showed that the two minerals have virtually the same 
composition. Crystals also occur in the soil near Mendoza, and cast of San Juan, 
and at Stassfurt ; and Munos y Luna found prismatic i rystals in the dry Is'ds of 
some Toledo lakes in summer. The salt has also been analyzi'd by K. von Hauer, 

, A. A. Hayes, G. vom Rath, A. Brezina, etc. G. Tschermak obtained crystals of a 
mineral, which he called .rnmnyitCy resembling those of astrakaniUq and of the same 
composition, hut unlike the latter, the crystals of siuionyite do not elffores(‘o in air ; 
and F. Groth and C. Hintzo’s blddite, which was unalt4*rable in air, was probably 
simonyite ; they assumed that the eftloresoence of ordinary blddite was due to 
the presence of some oftloreikH'nt salt as impurity. II. F. Link regarded the double 
salt as a hexahydrate. 

A. R. Arrott jirobably prejiarcd tetrahydrated sodium magnesium sulphate in 
1844, by evaporating at 50'" a soln. containing eq. projiortions of the component 
salts, J. Koppel, H. W. B. Roozeboom, J. H. van’t Hoff and W. Meyerhoffer, 
and C. M. van Deventer and J. H. van’t Hoff have studied the conditions under 
which the double salt is formed in aq. soln. The transition temp, for the reaction • 
Naj,S04.1()H20-f MgS04.7H20^Na2Mg(S04)2.4H20-fl3H20, is about 21*5° ; andi 
according to the latter, if finely powdered astrakanite be mixed with water in the 
proportion represented by this equation, at a tt»mp. below 21 ’5°, the thin paste 
soon sets to a dr>' solid mixture of the two sulphates, but above 21’5° this does 
not occur. Similarly, a finely powdered mixture of the two hydrated sulphates 
remains unchanged if kept in a closed flask below 21 '5°, but above that temp, 
astrakanite is formed, and this is evidenced by the appearance of partial fusion 
produced by the liberated water. A mixture of heptahydrated magnesium sulphate 
and of decahydrated sodium sulphate melts at 26 \ The formation of astrakanite 
IB accelerated if some of the last-named salt be added at the beginning. The transL 
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iion point i» lowered by sodium chloride such that a luixturt^ of <*<j. projmrtious of 
deoahydrated sodium sulphate, heptahydrated UiU|ine«ium sulphate, and malmm 
chloride melts at lo , the system contracts, and monohydratinl sodium sulphate 
separates out ; after a time, the voL iucn*as<‘K, and astrakanite is formed. VVhen 
this point is reached, the reverst* n‘actum occurs Wlow 5' — rf. Kij;. (», 2. !i. 

The formation of astrakanite bv the reaction symbolired ; 7Hat) | 2NaCl 

~NavM^(804)2.ni20 tiHj.() | tH^O. v^as found to occur above O' . 

Astrakauitd* is somewhat delitpiejicent m a moilcrat^dy iiuust atm, .1. Murray 
said the crystals are i>ermaiient in nir. W II Miller hmnd the axial ratios to 
1 m» a : 6 : c -I 34^2 : (< ti717, and IS This salt is tme meml>er of an 

isomorphous ^Toup in whieli manj:anese (ous). iron (ous). anti /.me replact' the ma^ne* 
sium of astrakanite : hut it i.s not isomorphous with potasMiini af-trakumte, Tho 
crvatalsof astrakauiO- have a ne|,«ative douhl«‘ ndractioii ; the sp. is 2 223 to 2‘244 ; 
and the hardness 2 o tt* 3 on Mohs' scale. Aceonlm^ to .1. H, van't Ht»flf and 
A. O'Farelly. astrakanite pu^scN into lowtute at 71 . ami, ateonlm^' J. il. van’t 
Jloff and (i Just, in the presence of stidmm chJorule, and seedtie^f witJi vaiithoHite 
and lowcitc the transition tfinp is lowert*d to .V.l . (J Tschermak fttimd that the 
crystals lose al»out thret‘-iighths of their water r c. 7 33 per eeiit m weight-- 
when heated on a watcr-hatli ; hut I’, (irolh and (' Hin1/.e found H -s per cent is lost 
at Kmi"^, and lo 12 j><‘r cent at I . uiul (J vom Hath hmnd l0•(^.^ ner cent is loat 
iM'tween Kxr and l.'Wi . lini'.i percent betwt>en I.'Mi and ; and the reiiiaiiiing 
1 It) jier cent at a red heat K Ih n liardt also made ol»s< r\afions <m the dehy* 
dration of astrakanite. ({ Tseh«*rmak found tin* (h‘h\<lratv«l ina.''S melts to a clear 
Inpiid which >:l()w.s when it Iw^iiis to fn*e/c J. H van ! IlofT and A O'Karelly 
represt'iited tlie vaj» press , p, of astrakanite at a temp ft, h> the e\|»ression 
log />--= loti p„ (Ihti Ttt '2 nI7ft}/(27'n ^). when* //„. reprcN uts the vaji press, of 
water, J Murrav said that the double sulphate is soluble in thn'e times its wt. 
of water Aeeordiiu' to II W H l{o()Z<*lK»om, ItMt mols of water hold in sat, soln. : 

uj J4y .»«( ;o 47’ 

^ , (Na.SO. 2'9:» 345 300 3 «» 3 00 inoln 

Astrakamle^^j^^j^jj^* 4 70 3 0s 3 00 3-6U 3 00 .. 

If an e.vcess of ejflier component U* pres<'nt, the solubility of astrakanite w lowered 
a little According to J. H. van’t JIofT and A. O’Farelly, the heat of soln. of astra- 
kanit<’ IS ll'ti) Cals, per kgrm. mol, and of loweit^*, Cals. , the heat of trans* 
formation of low'eite to a.^trakamte is r..M2 Cals per kgrni mol. 

K. Kubier.seliky dedu(-e<l imiireetly that anlixdruus bezasodium magnesium 
tetrasolphate, 'iXaa^fh MgSth, or NaftMg(S04)4, occurs in (lie .salts from Wilheims- 
hall m the Mag(leburg-Ilall>er^tad^ salt district, ami In* gave it the name vani/iojitf’. 
J H. van’t Hot! fouml that tin* salt is produced artificially by healing the crystals 
,of bludite, Xa2Mg{S()4)2,4H20, dcj»oMtcd at 22 from a soln. containing ecpii-jiiol. 
proportions of*the component suljdiatcs, whn*h when healed to 7tC in the mother 
liquor, h)m‘ kumc of their water, and are transformed into loweile, Na2Mg(S04)2. 
2Jil20, and at a still higher temp ir\hfals of the anhydrous salt, XaoMg(8()4)4, 
appear. Among other methods of preparation, J. JI van’t Hoff sliowcd that the salt 
can be made by digesting on a water-bath a mixture of CM grins of water, hi grins, 
of smlium chloride, 2o2 grins of decahydrat^’d sodium chloride, and 103 gnus, of 
heptahydrated magnesium siil|»hate . the wKlium sulphate first d(*posifed gradually 
gives way to vanthoftite, and when all is transfonned, the crystals are c^illeeted on 
a hot-water suction filter, washed first with 'lO per cent, and tlmn with absolute 
alcohol and dried. According to J. H. van’t HofI and G. Just, 4<> is the lowest 
t<*mp. at which vanthoffite is formed from astrakanite and smlium suljdiaU* in a 
soln. simultaneously saturated with sodium chlornh* ami glaw rite. 'Mie crystals 
of vanthoffitc n's«*mblc thos<* of loweite ; their sp. gr. is 2'7 ; and the hardness of 
the natural mineral, containing 10 ptsr cent, of wnliuin chloride, is 3 on Mohs’ scale, 
C. H. Pfaf! * found that magnesium and fiotassiuiii sulphate's unite together, 
VOL. IV. * 
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producing fonned cr7i^lfr—thu0 H. F. Link said that the ozystals are 

long prisms which crumble in air ; and C. L. BerthoDct, that the orirstals are 
rhoml^hedral and permanent in ait. There are at least three double salts of 
magnesium and potassium sulphates in the Stassfurt salt deposits, namely, lai^ 
bei^e, 2Mg804.K2804 ; leonite, Mg8O4.K28O4.4H2O ; and picromerite or achdnite, 
Mg8O4.K28O4.6H2O. G. J. Mulder, and J. H. van’t Hoff and N. Kassatkin prepared 
pmtahjtoted poUniiim tetramagneahim pentasolphate, K28O4.4MgSO4.5H2O, 
or K2Mg4(8()4)5.5H20 ; the latter, by warming a mixture of hexahydrated magne- 
sium sulphate with astrakanite at 72 °, or by evajwrating a soln. containing a mol 
of potassium sulphate and four inols of magnesium sulphate when needle-like 
crystals of leonite are first formed. The leonite finally disappears and the whole 
mass solidifies. Leonite alone does not form this compound. The transition 
point is given os 72 5 °. It is regarded as a double salt of the hydrate MgS04.1 JH2O. 

The mineral langbeinite was so named by 8. Zuckschwerdt from specimens 
whic^ he found near Halln^rstadt (Prussian Saxony). It occurs in the polyhalite 
regions at Wilhelmshall, and a<!Companie8 the sylvite at Westeregeln. The analyses 
agreed with anhydrous potauimn dimagnennm trisulphate, 2MgS04.K2S04, or 
K2Mg2(804)3. 0 . J. Mulder made this compound in 1864 ; and F. R. Mallet 


umAO 

obtained well-defined crystals bv 



r. 









fusing together at a full red heat 
mol. proportions of the two com- 
ponents. The clear liquid, on 
cooling, generally intumesces. The 
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best crystals were obtained by 
pouring the fused salt into a hot 
nickel irrucible, and allowing the 
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mass to cool. A. 8 . Ginsberg, and 
11 . Nackcii have studied the equili- 
brium conditions in the binary 
system, K.2SO4- -MgS04, and the 
results are shown graphically in 
Fig. 24 . 

The two compononte arc com- 
pletely miAoible in the molten atato- 
rcgioii 1 ; m region II, mixed crystals 
arc in cfiuilibrium with the molt : 
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0 ^ 60 60 100 and m rogion VI the mix«yl crystals 

ymffgSQ$ are alone stable. The first eutectic 

■oraiiw point Curve* of the Binary '!*r-150‘ oorr«pon(te trith 38 to 

ra^Am K M'rvf40 Tnolftr jJGT COIlt. Of M^SOa { thO 

,r.tom, K.80.-MgS0.. ,g« 


|H’r cent, uf MrSO*. In rcgionn III 
and IV, the molt and langbeinite are coexistent, anti in rt'gion \ 1 1 langboinito is in equilibrium 
with the mixed oryHtals of VI. In region V the melt and magncHium sulphate crystals are 
oooxistent ; and in region VIII langbeinite and niagnc«ium sulphate are in equilibriuin. 
Mixed crj'Htala of VI are m eqiulibrium with /S-KjSOi m n'gion IX, and, in region X, 
langbeinite ih in equilibrium with jS-KjSO,. 

According to J. H. van't Hof, W. Meyerhofler, and F. G. Cottrell, the Salt 
crystallises from a soln. of the component salts at 85 °, and at a lower temp, in the 
prosouce of dehydrating salts like magnesium chloride ; they rt^commended evaporat- 
ing a boiling soln. of 17 grms. of potassium sulphate, 4 U grms. of heptahydrated 
magnesium sulphate, and 75 grins, of hexahydrated magnesium chloride, until 
the langbeinite w'hich is formed no longer dissolves, and then further evaporating 
on a wate‘r-bath until magnesium chloride begins to separate. The product is 
washed with fH) p«‘r ctMit. alcohol, and is then nearly free from chlorides and water. 
Although the transformation temp, of leonite to langbeinite is 89 °, the transforma- 
tion of leonite to langbeinite is extremely slow at 100°, and requires a temp, of 
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120 *. The temp, of formation of langbeinite from a mixtuM of leonite and haza- 
hydrated magnedum chloride ia 61 *. The prearnce of hexahydrmted magneaium 
adphate depreMca the temp, of formation of langbeinite from leonite, down to 61 * ; 
but thia temp, may be easily paaaed without the change taking place, and at 72 *, 
the onatable KfMg|(S04)5.*r)Hs0 ia formed and readily ^)aaw« into langbaioite 
when a little of the latter ia present. The prt^aeuoe of sodium chloride lowers the 
temp, of formation still further. 

According to 0 . Luedecke, crj’stals from Bemburg belong Uj the tetartohedrai 
class in the cubic aysteni ; the octahedra obtained by F. li. Mallet are therefore 
supposed to be c<)in]K)unde<l of two tt*traheilrons of opposite sign. The corre- 
sponding salts of zinc. inanganps<\ and cobalt have the tetrahiKlron predominant. 
According to H. Nacken, the np. gr. of the artihcial salt ia 2 82 D at 25 * ; and 
0 . Luedecke gives for the natural or}’8UU 2 827 to 2 83 i>. From tlie maximum in 
Pig. 24 , the m.j). is 927 *. Tlie cr^iuls are singly ndracting, and, aciwrding to 
0 . Luedecke, the index of refraction is 1 T )281 for the Li-line, l ’[>329 for the ^adine, 
and 1 T>.'U 3 for the Tl-lme. The crystals do not rotate the plane of polarisation of 
light. F. R. Mallet obac*rved that the salt gradually absorb moistuit' from the 
atm. and dceomjiow's into pieronierite and ejisomitc : K2804.2MgSU4-f 13 H »0 
— MgS()4,K2S04.6lL0-fMg804 7H2<> According to 0 . Schumann, when tie 
double sulphat*' of magnesium and jtotassium is heated in a st.rt*am of hydro^n, 
hydrogen sulphide, sulphur, and wat4*r an* form<‘d, and a mixture of magneaium 
oxide and potassium sulphide n*mains K. U. Malh't j>reparod ruUdium di ilUgD i * 
Mom trifolphato, KlK2S04.2Mg.S()4, or UI>2Mg2(S04lj -this is rubtdmm langimnite^ 
in a similar way to that whirli he empKiyed for langbeinite, and he found that it 
had similar propertie.-*. 

No com{X)und of the tj-jn* potauium moffiwjitum dmdphaU, KiKO^ MgSO,, or K|Mg(S04)|, 
appears on lh« thonnal iliagrara, Fig. 24, although M. liertholot and L. Ilosvay da N. Uosva 
claimed to have nuuii' it by funing the coni)Kmont salta in tin* right pn^purlions, and 
F. K. Mallet likewim* elaimed to have ma<le this cominmnd as well as rubidium magnoaium 
diHul{>hat« by a dinular process. H(' almj made some measurements on tlio hygrutoopio 
oryHtals. L. Playfair »uid J. J*. Joule gave 2 070 for tho sp. gr. of tlio crystals, and 
H. CJ. F. 8chr0<ler, 2 74:i, 

According Uy A. NaujMTt and W. Wensc, crysUls of tetrahydrited potuMom 
mitgnftMnin disulphate, K28O4 MgS04 or KjMg{804)2.4H20, occur in the 

kainite U'ds of Westcregein, and they an* readily distingiiislied from the surrounding ' 
kainiU* ; they also (Mour associated with the blue roi k salt. At l/'ojioldsliall, the 
mineral occurs as thick tabular iTvstals along with kainiti* and rock salt, Tho 
colour varies from a very pale yellow to a reddish, gn*yish-yeljow. ADalys<*s have 
been made by A. Nauport and W. Wenw, C. A Tenne, and J. E Ht rand murk ; tlio 
results are in agreement with the formula the masHive, variety usually contains 
chlorides os impurities. This salt was obtained by J. K. van der Jleide, by 
evaporating an aq. soln. of w^hbnite and sodium chloride at (X) , or a soln. of magne* 
sium and potassium sulphates at IfX)*. He called the salt jMftoffsiuvi njtIrakanUe, 
and it has also lK*en called kaliblislib*, but C A. Tenne sliow'ed that there is no 
ciy'stallographic relation between thw mineral and bKxlite or astnikanit^*, and he 
therefore prefers the name leomlt. The monoelinic prisms were found by C, A, Tenne 
to have axial ratios <1:6: c=rO‘J8ir> : 1 : l* 23 .' 54 y, and tin* axial angle ^ 84 * TjO'. 
The optical axial angle is }>erjM*ndicular to the plane of symmetry, and makes an 
angle 29 ° 30 ' with the base. There is no distinct cleavage, and the fracture is 
conchoidal. J. E. Htrandmark said that leonite is isomorphous with the artificial 
salt, K2Mn(S04)2.4^0, but not with astrakanite, Na2Mg(S04)2.4ll2<b Twinned 
crystals an* fomid in the artificial preparations. The salt is soluble m water. 

In bis examination of the crj'stals of a salt produced at the eruntion ui Vesuviiw 
in A. Scacebi found crystals of a mineral which was called ^romefiU in 
allusion to the magnesia present. The same crystals occur in the ntosifurt salt 
deposits along with kieserite and carnallite. Most of the impurities |iresent as 
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chlorides caa usually be removed by washing with alcohol. E. Reichardt called 
the mineral schiMe—C. F. Zincken proposed kainite, but that name is reserved 
for another mineral. Analyses by M. Graf, E. Reichardt, R. Phillips, C. F. Rammels- 
berg, and others show that the composition is in agreement with hezahydiated 
POMMiiiza magneilqm diiolphate, K2SO4.MgSO4.6H2O, or E2Mg(S04)2.6H20. 
The crystals were obtained by A. Marcet from the bittern of sea-water, and by 
0. Busch from the mother liquid of the Luneburg and Schdnebeck springs. Schdnite 
is obtained from soln, of potaHsium chloride and kie.nerite ; from the leaching of 
kainite with watt;r ; and by evaporating the mixed soln of the component salts to 
the point of crystallization. • 

According to T. C. McKay, when schdnite is dissolved in water, it is decomposed 
more or less into its components, and from conductivity measurements, it follows 
that in cone. soln. some undecomposed double salt is still jiresent, while in dil. 
soln., the salt is completely decomposed. The same conclusion follows from 
observations on the sp. gr. of aq. soln. which w smaller than that calculated for the 
components. Tlie limits of existence and solubility relations have been described 
by J. K. van der Heide, J. H. van’t Hoff, and 11. S. van Klooster. The latter found 
that in aq. soln. of the two salts at 25'*, the solid phase is K2Mg(S04)2.6H20 for 
cone, between 26 .39 grins, of Mg804 and 7 02 grins, of K2SO4 per liX) grms. of sat. 
soln., where the solid phases are Mg.S04,7H20 and K2Mg(lS04)2 6H2O, and 12 68 
grins. MgSOi and lU 70 grms. K28O4, where the solid phases ar(‘ K2Mg(S04)2.6H20 
and K2S04™vidc the soluliility of magnesium sulphate in soln. of potassium 
sulphate. .1 K. van der Heide showed that schdnite ilecornposes into its components 
below —3 ’, and above 72 ’; at 72'', in the jiresi'iice of hexahydrated magnesium 
Hulpliate, schdnite passes into leonite, and m the presence of potassium sulphate, 
tlie transition point is 92'. J. H. van’t Hoff and P. Williams found that schdnite 
pa.ss(‘s into leonite at 17 a", provided that an excess of potassium sulphate is present; 
at ir if heptahydrated magnesium sulphate is present; and ut 2(P if the lattt'r salt 
and also potassium chloride are pre.sent. Some equilibrium relations have been 
discussed in eoimeciion with Figs 2-6, 2. 20, 3. According to W D. Bancroft ; 

If one Bolid phase can he eonverh'd into one of the otliers by addition of water the 
invt'jMion point ia a Tnaxiinum or a ininimum temp, for one of tliow' piiases, and w neither 
a maximum nor a minimum for the third boIkI phase. For example, m the system ; 
potassium Hulphate, mauou'Hiuui sulphate and wah'r. at 47 2", two of the iihases ore 
M^SOj.THiO and MgSO*. tOl ,(), the third is K,Mg(S04)|. 011,0. tins w a miimnum temp, 
for the hexahydrate. 'I’he hydratcnl double salt exists both alwvo and below the temp, 
of the inveraion point. .At 72'’ two of the solid phases are the hydrated double salts, 
KjMrISOJ, . 011,0 and K, >1^(804)3.411,0, while the third is heptahydrated magnesium 
sulphate. At 02'’ two of the solid |)ha.se.<) aro the same two hydratotl double salts and the 
third is potassium sulphate. 'I'lio first temp, w a minimum for the double salt with four 
units of water, and the swond a maximum for the one with six of water. If the temp, are 
'liot given it can only bo told by experiment which pomt is which. If the oompoRitions of 
the soln. am known, the direction of the temp, change can ho foretold from the theorem 
of A. C. van Rijn van .Mkemade that the temp, rises along the boundary curve in the 
dirw'tion of the line connecting the m.n. of the two solid phases. The higher temp, will 
nccos.innly he a maximum for the double salt with a larger amount of water of crystalliza- 
tion. 

A. E. II. Tuttou [ircpared the corresponding hexahydrated mbidiam ma gnArinm 
dieolphate, lib.^Mg(804).2.6H2(), and hexahydnUed caBsiom magnesiam disolphate, 
(/’82Mg(S04)2.6ll20, by the evaporation of soln. of the component salts. The 
crystals have ht'en measured by II. J. Brooke, C. F. Rammelsberg, A. Munuann 
and L. Rotb'r, H. Tdpsoe and C. Christiansen, J. C. Heusser, F. L. Perrot, etc. 
They belong to tin* monoclinic system. The ammonium, potassium, rubidium, 
and ctfisium salts form an isomoqihous series. A. E. H. Tutton has made an 
exhaustive examination of the crystal constants of this series of salts and the corre- 
sponding series with zinc in place of magnesium, and with selenates in place of 
sulphates. He found the habit of the jiotaasium salt is a stout primary prism with 
a large basal plane ;] that of the cassium salt is a clinodome-prUm with a narrow 
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bftsal piftte ; and that of the ammonium aalt gives all varieties. The ajcial ratios, 
axi^ angle p, and the topic axes or dwtamv ratios an* indicated in Table 1 
The values for the ammonium salt are included. 


Table I - Axial Ratios, Tomc Pahamktkiis, ami Anui.ks of the Salts • 

<* A « S|i ir.jnij.vol. 

104'* 4S' 6-071 1 . H 1809 ; 4 0892 2 0S4 , I96'ft8 

lor*-* 69' 61 803 : 8 3618 : 4 1660 2 386 ; 20« 18 

107“6' 6-2320: 8 4217 : 4-1418 1 723 207 78 

lO?** 6' C 2008 : 8 6012 : 4 2641 2 676 ! 218 W 


A. hi. H futtoii dt'diiccs the following relations : (1) The value of the axial angle j8 
in the rubidium salt is apjiroximately mid\Aay i>»'l\Aven the values of the axial 
angles of the potiLSMum and cii-sium salts (2) The ndativt' amounlH of change 
brought about in tie* a.xud angle b\ replacing tie* alkali metal potassium by 
rubidium, and the ruludimn in turn hy ca-sium, an* approximateh directly pro- 
portional to the relativ«* dilTereiues in tin* at wt. of the metals interclianged. 

(3) The axial angle lucreasi-s \\ith tin* un-reasi* in the at, wt. of the alkali metal. 

(4) The values of all the angles of the rubidium salt lie between the eorn'sponding 
values of the jiotaKsuim and ca‘sium salts, excejit in very rare cases, when* more or 
leas neutrality is produced owing to the changA's in adjaeent angles being of opposite 
sign. {:>) The relative amounts of change in tin* angles otlier than the axial angle 
are rarely in din.'ct simple proportion to tin* changes m at. wt. T'lie inaxiimim 
deviation from direct pro])ortionality oenirs in the jirisin /.one at right angli'M to 
the zoini conUinmg tin* banal plain* and orthopinaeoid, and the relative aniountH 
of change here bear the ratio of one to thn'«*. (tl) The magnitude of the differeneeg 
between most of the angular values of the three salts is surprisingly large, exe.eeding 
a whole degree m thfj eas4*,sof several important aiigh'.s, and indieak‘H a prepond<*rat- 
ing influence on the part of the alkali metals in iletcnnining the geometrical form 
of the.v; double salts. (7) No indieatiun of tin* full nature of the change brought 
about on replacing one metal by another in ibis isoiiiorpbouM series is alTorded by a 
comjiarison of the axial ratios, as simultaneous changes, which more oi h-ss neutraW 
each other, occur in the inclinations of the planes which d(*terinine tlieni. The 
angles themselves alone furnisli complete inforinaliou conc<*rnjng tin* change of 
external form. E. Elasiua studied the corrosion figures of the anmioiiiuiu salt. 

J. W, IiA*tger8 found that the specific gravity of the mixed crystals of ammonium 
and potn.M.miim zinc sulphab-.s vanes linearly wuih the relative jiroportions of the two 
salts. The .sp. gr. of the hexaliydrat-d potassiuin salt has been found by L. Play- 
fair and J. P. Joule to be 2t»7(> to 2 O.VUlf at 4'^ ; H. fck hilT gave 1 » ; H. Topsbe 
and C. Christ ian.‘iA*n, 2'20l ; II. Oerliart, 2 029 ; and H, (i. F. Schrode.r, 2 (I31f. The 
latter’s values for the sp. gr. of tlie potassium salt which has been dehydratA-d with- 
out melting, range from 2 to 2 llA) F. L. Perrot found 2 41 for the sn. gr. of 
the rubidium salt, and G. Wulfl, 2 072 for the caisium salt. L Playfair and 
J. P. Joule found for the hexahydrated amiiioniurn salt 1 ’71080 at 4 ' ; il. Hcbiff, 
rOUS ; H. J. Buignet, 1’702 ; H. TopsoA? and (\ (Tinstianw'n, and F. L. Perrot, 
I ’720 ; G. Wulfl, 1*721 ; and H. G, F. Schroder, 1 72o. A. K. H. Tutton's values, 
for the sp. gr.,at 20^ referred to water at 4 ''.and molecoUr volumes of tin* fiotassiuin, 
rubidium, ammonium, and cssium series, are imlicated m Tabic J The rate of 
diffnsioil has been measured by C. Forlezxa ; and the heat of admixture of scjln. of 
the component salts bv R. Dubrisay. 

The ntnetivo indioot have been deU*rmined by H, Teipwe and C. Christiansen, 
F. L. Perrot, and A. £. H. Tutton. The last-named has given the results in Table 11 , 


K,Mk(SO.), 6H,<) 
Hb,Mg(S(\),.6H,0 . 
(NH4)^Ig(SO,), 611,0 
C«,Mg(S 04 ),. 6 H ,0 


0 7413 : 
0-7400 • 
0-7400 . 
0-7279 : 


I ; 0 4993 
1 . 0-4976 
1 : 0 4918 
1 ; 0 4946 
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TASU II. — RE7BACT1VU INDICES Of THE SALTS M|''Mg(S04)t.6H,0 St 20". 







UUne. 


Xs-Uoe. 

TlUiw. 

/■Uno. 

0 -llne. 


K 




14681 

1*4685 

1*4607 

1 4631 

1*4658 

1*4609 


Rb 




1*4646 

1 4650 

1 4672 

1*4695 

1*4724 

1*4762 

a 

NH, 



. 

1*4686 

1 4680 

1*4716 

1*4740 

1*4771 

1*4814 


ICs 




1*4828 

1*4832 

1*4857 

1*4880 

1*4912 

1*4956 


K 




1 4603 

1*4607 

1*4629 

1*4652 

1*4678 

1*4720 

p 

iRb 



. i 

j 1 4664 

1 4668 

1*4680 ; 

1*4713 ^ 

i 1*4743 ! 

! 1*4782 

INH, 



. 1 

1 4701 

1 4705 

1*4730 1 

1*4766 i 

1*4786 

1*4831 


[Cs 




1 4830 

1*4834 

1*4858 

I 1 4881 

[ 1*4912 j 

1*4057 






1 4727 

1 4731 

1*4755 1 

! 1*4778 j 

1*4810 ' 

1*4853 


|Rb 




1 *4766 

1*4759 

1*4779 

1 1 *4805 ! 

i 1 4836 1 

1*4876 

Y 

INH 4 



• 

1*4766 

1 4760 

1*4786 

1 1*4811 i 

1 1*4842 1 

1*4888 


[Cl 



• 1 

1-4888 

1 4892 

1 4916 

1 

1 4940 1 

1 1*4970 j 

15015 


The iiu'an vulufs for tlio n'fructiv** index and of the jiositive donblo rofrftctioil 
y— a for Na-light, at 2()'\ are : 

KiaJt. Rt)-milt. NH^-xalt Cswlt. 

Moan refractive indox , 1*4064 1*4713 1*4744 1*4877 

Double refraction . 0*0148 0*0107 0*0070 0*0069 

A. E. H. Tutton found the refractivi* indices of the potassium salt decrease by 
}‘(X)ir) to 0*(X)22 in raising the toinp. from 2(»'" to 70'^ ; with the rubidium salt the 
lecreaso is about O IHIIT) ; with the cibsium salt about O OOIO ; and with the ammo- 
nium salt O CKJlfj to O(K)ll), The mean molecular refractions for tlie C-ray— 
GfUdstone and Dale’s formula are 01 LM for the jmtassium salt, 00 74 for tlie 
rubidium salt, 08 03 for the ammonium salt, and 10C 25 for the eiesium salt. 

When the potassium salt is heated to it low^s about 18*48 per cent, of 
water ; and T. Graham found all the water of crystallization is expelled at 132®. 
i U. Pickering found the heat of solution of the dihydrated potassium salt to be 
ll’47 Cals, at 18®; and of the hexahydrat*', - 0 06 C'aLs. -J. Thomsen also gave 
for the heat of soln. of a mol of the salt KjjSO4.MgSO4.wH2O, in 400 mols of water 
tt 18® : 

n ... 0 1 2 3 4 r» 6 mols 

Heat of soln. . 10 60 6*122 0 741 -2*038 -6*160 -7 954 -10*024 Cals. 

J. F. Daniell and W. A. Miller gave data for the transport numbers of the ions. 

B. Erlenmeyer represents the constitution of MgS04.K2S04 by K0.S02.0.Mg. 
D.SOj.OK, otherwise expressed by Mg(KS04)2. W. Meyerholler and F. G. Cottrell 
prepared what they called an acid triple salt, KHMg(S04)2.2H20, or potassium 
inagnesium monohydro-disulphate, Mg(KS04)(HS04).2H20, by dissolving leonite, 
KgSO4.MgSO4.4H2O, in 85 per cent, nitric acid and allowing the mixture to crystal- 
ise. The prismatic crystals are washed with absolute alcohol and ether, and 
iried at 60®. The crystals are doubly refracting. They are immediately decom- 
,)oaed by water, forming schonite, K2SO4.MgSO4.6H2O. 

K. Kubiereohky aasumed tho existence of a triple salt potoMtum sodium magnesium 
mlphaUf and possibly related to tiie sodium-poiassium-simonyites in the salt deposits of 
iViihelinshall ; but J. U. van’t Hofif and H. Barsohall showed that isomorphous mixtures 
d astrakanite and leonite are involved, but no compound is formed. 

E. Bechi ^ found ammonium sulphate with part of the alkali replaced by 
nagnesium about the boric acid fumaroies of Tuscany ; and he named the mineral 
wuaingauUite ; it has been described by 0. Popp, who re-christened it cerbolite. 
t seldom occurs in a high degree of purity, but when recrystallized from water, 
nalyses agree with its being heiahyunttod nmmonium magneanm disnlphato, 
NH4)gS04.MgS04.6H20, or (NH4)2Mg(S04)2.6HgO. According to J. J. Berzelius, 
he salt is re^ily precipitate as a crystalline powder on mixing cone. soln. of the 
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coniMQeAt salt# ; or by parsing ammonia into a soln. of nM^(neMun^ suluhaU^ in dil. 
sulphuric acid ; and itn pA^^taration and composition wen* studi<Mi by C . J. S. Kar* 
T. Graham, etc. The erystalU^mphic data, sp. gr., and optical (xmstants 
have been diw usaed in counettiou with the t‘ornx»jx»nding {lotaaaium salt with 
which it !b isomorphous. C. Btirel found the dielectric conatant of magnesium 
ammonium sulphate for A=-x , to U* for the symmetry axis. According to 
H. Rheineck, at 12(> , the crystals lorn* 25 8 2ti 1 per cent, of watery and at a higher 
temp, they melt and decompose. The crystals, driixl at KK)*^. were found by 
T. Graham to lose all their water and lH»come anhydrous at . H, G. F. 8cKrdd*r 
gave 2'1(J5 for the sj)* gr. of the dehydraUnl sidt. The iTvstala are less Nolublo in 
water than either of their c-omponent salts ; G. .1. Mulder stated that at 13"*. l(J0 
parts of water dissolved 15 y parts of (NH4)jjMg(S04),^ : and, awxirding to K. Tobler, 
1(X) grms. of water dissolve at : 

0* 10^ 510' 30' ir ur oo 75* 

(NH4)^g(804), . . «•« 14 2 17 » 101 26 0 30-U SO I 46 8 grms. 


J. Lothian obtained rather higher r<‘sult'< ; he found that KKl grins, of water dis- 
solved 18‘22 grms. of the double salt at IF; 2t)'72 grins, at 5" ; 22‘48 grins at 10“ :* 
2408 grins, at 15“ ; 24\S1 grms. at 15 5' ; 28 20 gnus, at 2tt5“ ; and 33 33 grms. 
at 27'25 Acconling to C. F. Lindsay, the electrical conductivity of a cone. soln. 
is smaller than that of either of tli<‘ <oinponents at the same cone. ; and II. done* 
and B. P. Caldwell estimate* that the salt is comjiletely dissociaO'd at a cone, of a 
U()U5iV'Solii. F. UudorlT, I). M. Torrance and N. Knight, H. L. Maxwell, and 
C. Porlezza studied the dissociation of the salt by diffusion exneriincnts. 

A. Weston studied the <juaternary system: K28O4 ■ Mg^Ht >4 - (N 114)25^04 Uj{ 0 . 

0. Spaeu and 1C Kijian prepared magnesium tetraquodUunminosttlphtto, 
[Mgli\H3)2(H,0)4lS()4, as a erystalline powder ; magnesium triaquotrlammiiio- 
sulphate, IMgiNHsyilj^olsiSO^, m colourless crystals ; magnesium diaquodiam- 
minosulphat^ (MgiXHjy 112^)21804, as a white jmwder. They also made 
complexes witli pi|i<*ndine, and benzylamiue. G, 8pacu inadu a complex with 
trietliylenediamin<*. 

The mineral hnnitr occurs as y.'llowish greyish or greenish masses in the salt 
deposits of Stasf'furt, WesU'regejii, Kalucz m Galicia, etc,; its name is derived 
from <0100^, ^‘eeIlt Aualyst*s correHp<ind with trihjdrated potassium magnestufli 
chlorosulphate, KCI MgSOi 3H2O, or possibly with K2S04.Mg8()4.Mg<32dlJ^2^- 
The former was recommended by W. Meyerlioffer,^ G. THclicrmak, A. de l^dmlten, 
and E. Erlenmever, and the latter bv A. Frank, 'riie formula mav alsci lx* written * 
Mg(KS04)C1.3ll20. 


“«<n 

UiianaJi) m clilorl Jr K nUnlU’ 


Mg< 


KSO4 

ICSO4 


l4v>nlt« or 8chAnlt«< 


Mg< 


HHO4 

K8U4 


Muiu)}iytIr<Mjaulptuit«. _ 


In 1813, 0. J. B. Karsts'll noti<ed that no pn'cipitation occ urs on mixing cone, 
.soln. of [fotussium chloride and magnesium sulphaU*, but crystals a}f]s*ttr when the 
soln. has stood for some hours. A, de f^hulU*!! prepared kainiU* by evaiMirating 
on a water-bath a mixed soln, of 4<) grms. of {Hitassiuin sulphate and grins, of 
magnesium .sulphaU; with a great exwss (.VK) grms.) of hexahydrated magnesium 
chloride. The crystals are removed from the mother liquid by press, or sui tion, 
and washed with absolute alcohol. If a smaller projiortiuu of magnesium sulphaU* 
is employed, the product is contaminated with carnallite. The conditions of 
formation of kainiU: have been studied by J, H. van’t Hoff and W. Meyerhoffer. 
The former showed that what he called a tdratjenic salt- i e. one with four different 
elements or radicles, exclusive of the w'ater of crystallixat ion- must have at least 
two and it may have three temp, of formation ; the temp, of formation of kainite 
are 76* and 85*, and the polytk^mt, or the equilibrium relationships of kainite at 
different temp,, show that Wsidcs the above primary temp, of fomiatioo, other 
lower secondary temp, of formation exist. 
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The crystals of kainite were shown by P. Groth to be monoclinic prisms with 
axial ratios a\b \ c : 1 :0r>8(>3, and j3=94° 54' 30". For this sp. gr. of. 

kainite, C. F. Zincken gave 2' 131 ; E, Heichardt, 2*133 to 2*154 ; V. von Zepharuvich, 
2*151 ; and A. de Sehult<'n, 2* 120, at 15^', for the artificial product. The hardness 
is 2*5 to 3*0. The double refraction is negative. According to C. F. RaiAmelsberg, 
kainite etfioresces on standing over ciiiic. suljiliuric acid. C. F. Zincken, and 
A. Frank observed that kainite lows water and hydrogen chloride when heated. 
In moist air, water is absorbed, magnesium chloride is washed out, and schonite 
remains ; water and alcohol decompose it in a similar way. According to G. Krause, 
UX) parts of wat4'r at IH'^ dissolve 70*50 parts of kainite ; and*J. G. bdimanu noted 
that a mixture of npial j)arts of alcohol and ether, which dissolves magnesium 
chloride, does not dissolve kainite. 

The triple salts, poly ft aide, 2(.'aS04.MgS04 K.,S04.2H20, and kruyite, 4CaS()4 
MgH()4.K.>SG4 2lL(). occur in the Htassfurt salt deposits. Polyhalite was named 
by K. Stromeyer ^ from jtoAi's’, many, <iA^, salt, in reference to the number of the 
component salts which make up the mineral. It occurs associated with gypsum, 
anhydrite, and rock salt in the salt deposits at l.schl, Ebens«*e, Aussee, HalJstadt, 
and Hallein in Austria ; at llerchtesgaden in Bavaria ; at Vic in Lorraine ; and 
the ^various Stassfurt tleposits. Analyses have been rt‘ported by F. Stromeyer, 
('. F. Kammelsberg^ VV. De.xter, C. A. Joy, K. von Hauer, i‘. Bt rthier, J. B. Schola r,’ 
G. Jenzsch, F. Bischof. E. Keichanlt, etc. In the main, tlicse agree \sith the 
comnosition ; 2(/aS()4.MgS04.Kj>S04 21120, dihydratod magnesium potassium 
dicalcium sulphate. M, Kosza has shown that the occurnmee of jiolvhalibe in 
ditfenmt parts of the salt dejtosits is in good agreement witli the work of J. H, van't 
HolT. A. Goebel found ikmIuIch of a white mineral resembling polyhalib.*, and 
associated with the caruallite of the salt mines at Mainan (Persia), and hence named 
tnafnande, I he ratio of the calcium, magnesium, and jxitassiuin sul])haU's is as 
3:2: 1. According to J. If. van t IlolT and G. L. Voerman, mamanite is an impure 
polyhalib'. According to E. E. Basch, polyhalite is fornuMi at 25" in a soln. con- 
taining syngi'nito, gypsum, and I’psomite. The region of its e.xistence is narrow, 
Soln. containing per litr*’ : - 

MkSO, Solid phitscs 

7 Polyholito, jiypauin, syrif^enito 

7 l\)lyhalite, };y|)«vuii, epaoinite 

1‘olyhalitc, byngenito, epsoinitc 

The equilibrium conditions are illustrated diagrammatually in Fig. 2.5. although 
II. S. van Klooster has shown that there is probably something wrong in E. E. Basch's 

results. Polyhalitc is jirobably 
rhombic, its sp. gr. is 2*769, 
and its hardness 2 ,5 to 3. 
According to H. Hosi', it melts 
when heated, and on cooling 
solidifies to an amorphous mass, 
Polyhalite is decomposed W'ith 
difficulty by cold water, and 
leaves a residue of calcium 
sulphate, while potassium and 
magnesium sulphates pass into 
soln. It is more rapidly de- 
composed by hot water." The 
dehydrated salt hardens when 
mixed with water, and forms a 
. J . voluminous mass, which is readily 

separated into its constituents by water. J. H. van’t Hoff, F. Fariip. and J. d’Ans 
have further studied the formation of polyhalite in the presence of “ sea-salts.” 



Fio. 25.— Conditions for the Formation of Tolyhalit© 
( 25 “). 


K,S(), 

,3 5 
3 6 
51 
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H. Precht analysed a irvstalline iuin<*ral reaeinbliiig ])olyha]it<), whioli be (uum! 
V QA Ita anaivMH A.rn s|Hmd« with 4CiSG4 M>jSG4, 

K2SO4.2H2O, dihydrated magnesiiim poUssiom tetraealdom lulphito, and it ie 

supposed to l)i‘ a mixture uf pulyhahte and anhydrite, even thouf»h it apoears 
homogeneous under tlie mu rust ope h was named IrMi/i/r afuu the mining 
director, D. Krug von Xidda. The sp. gr of krugite n* 2 8i>i. and ita hardiieas 3T>. 
Withcold\vaU-r,rnagm.«,ium KulphaWifldis8<dYed.aud a double salt. ra.S04.H,0, 
remains msoluble. and with hot water, it ad?* like jmlvhahte, dissolving magneamm 
and potassium sulphates, and h aving the gvpsuin undissolved. 

According to J. If van’t HolT and A P Saunders,* if an a<j se>ln , eontaimng 
the sulphates and ehlorideh of p^itassmm, stHlium, and magnesium, and sat. with 
sodium chloride, he evajuirated at . .M.dmm and ]>ota.ssium ehlorules ; earnallite, 
KMgClg.GlLO ; lM^, hotlite, MgCK. t;Hj» , hexa- and la pta hydrates of magnesium 
sulphate; .'*<homte. K...Mg{S04)2 GlLO . glaserm', KaNuiSd^h, ; ].enU- and 
tetra-hydrates of maiiiitMum sulphate, tlienanlite, Na2S04 . ami astrakanite, 
Na2Mg{S04)... 1 ILO, er \ >t.illi/,e from the Ntln . but not lunghenut4’, K^Mg2(^G4)jj ; 
Glauber's salts, Na.jSO^ ItiILd . m.r h)weite. Na^MgtStb)^ ‘JlPd The formation 
of jKitassium sulphate . kies. rile. Hut) ; kaimte. Kt'fMgSO^ dH^G ; and 

leonite, K2Mg(804)j 1 H4O o« « ur.s onl\ under sjaMial eonditions, for example, 
J. H van't Hot! and 1*. Williams state that supersaturation jdienomeiia jin'veiU 
the appearance of leomte. J 11 \an’t IbdT and eceworkers ha\e sh<*wn that at 
25 '', soln with IdK) mols (d wat< r mi! with one, two, three, or four other salts 
have the (’omjiosithm^'. and \ap pn-ss in mm of mereury, shown m Table 111 . 

TaHI I. Ill 1-lMIIN 01 i;\|MrKS< K OK t'Al.T .MlNKHAl.S. 


loon iiinN njO--> 


Nat’l; 1,011,0 

Null. KCl 
Nal'l . Nu,S(), , 

NaC’l . Oli,() ; cuniullitr 

Nii(’) , l'umHlli«4‘ , Kl I 
NftCl ; KCl, Kh»>eri(o 
Null; (llawnlt- , Na,SO, 

NaCl ; Na,SO, , Ustrukamlc 
Nal’l; Astrakanite ; epsoiiuie 
NaCl; K})«ornite ; M^’Sl), 011,0 
NaCi; OH ,0 , M^’SO, 511,0 

Nal'l; MkSO, 511,0; M^iSO, 4H,0 
NaCl; M>:S0,.-1H,0 ; Mj.'Cl| 

NaCl ; Ulasenle ; sehOnite ; KCl 
NaCl. Leonit*' ; HchOnite ; KCl 
NaCl; I.i*omte; MrSO, 011,0; K< I 
NaCl ; M^iSO, 0 and r)H ,0 . Kl 1 
MpSl)^ 5 and 4H,0 ; 

cnmallite ; KCl 
MgSO, 5 .uid 411, 0 . 
camalhte ; MgCl, OH ,0 
NaCl ; Na,S 04 ; astrakaoite ; Klaaenn- 
NaC.'l : AKtrakaiiite ; plascrile, nchCitin’ 
NaCl ; Astrokanilc ; McliOnit^* ; h-'uon- 
NaCl; £psonuto ; aalrakanite , 


MS<I, 

K,i ), 

X A, SI »4 

Mgso, 

Him 

103 (24 1)') 




7 63 

10 5 

125 


10 844 
17'6 


103 5 

0 5 



7 62 

70 5 

5 5 



12 60 


20 

4 ’5 


10 S41 


10 5 

14 5 


17 



3 

10 5 

17 1 

7 



, 34 

16 1 

,'.:i 



15 

12 

s:i 5 



M 

10 6 

h(. 



H 

93 

102 



5 

7 55 

21 5 

14 

14 

15 0 


37 

11 

14 5 

14 W 


30 

13 

13 5 

13 2 


03 

0 5 

5 



OS 

0 


12 4 


IlM) 

0 5 

5 

7 4 


2 

K 

H 

14 


10 5 

10 5 


186 


23 

106 


19 


42 

7 6 


19 



N.i,( I, 


1 1 .5 

.51 

J 

1 I 

n 5 

m 

in; 

|o 5 

1 


*!;{ 

14 

17 


J. H. van t Hof! repn-w'nled thesi* results graphieally, and ajjplied them to the 
phenomena which occur during the c'vaf>oratioii of wa-water. and which were 
studied by J. Usiglio. Kainite and kieseriU* did not aj>|H-ar owing to supi'rsatura- 
tion ; and when the effects of this phenomenon wen* eliminated, the oomjiogitioiw 
oi the soln. sat. wdth different salts are shown in Table IV, 
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Tabzjb IV.— Lnan of Ezunmros or Saw Mzinnuz4i. 

I Ni^n, j Mg<1, ; K,I1, j MgSO* 

I 9 ! 45 7-9 19-6 

j 96 47 9*6 14-5 

2*6 68 ; 6 6 

, 0-6 866 1 8 

3*6 66 6 4 I 13 

26 79 - ' 9*6 

0*5 85*5 I 8 

1*6 77 * 2 10 

I 100 i 05 I 6 

The mnhic representation of the results has been discussed by J. H. van’t 
Hoff and W. Meyerhoffer, J. H. van’t Hoff and F. Farup ; J. H. vau’t Hoff, 
H. Sachs, and 0. Biach ; and E. Janecke — the last-named also in his work : 
GfSiUUigte iialzldsunyen vom StufidpunJU der Phasenlekre (Halle, 1908). 

The liniita of existence of the differ«*nt minerals with respect to temp, are 
indicated in Table V. In studying the par of^e nests —irafxl, beside ; “ycVo?, birth — 

TABI.K V. — TuAJssroaiCATioN TKMeKHATURics or Salt Minerals. 

MInttrai. | I'renencc. | Abaence. : Product. 

Glauber’s salt, Nft,StV10H,() . j 18” I 32 6” , Thenardit.*, XhSO* 

BohOnite, K,M«(800 ,.611,0 . i 28" I 47*6^ Ux^nito, KjMkISO.), .411,0 

Mg804.7H,0 . i 31" 48" MgSO,. 611,0 

MgBO4.0H,O . . . . ' 36*6” i 67*6" j Kiow'nto, AlgSO^.H,!) 

Astrakonito, Na,Mg(80J,41l,0 . I 69" 71" i l^woite, Na,Mg(S(),),, 2111,0 

Lecmita, K,Mtt(804),.4i{,0, . , 61*6'‘ 89” 1 Langbeinite, K,.Mg,(S 04 ), 

Kainite, KClMgSO, .311,0 . . j 83" j 86” j Hard salt, MgS(VH,0 and KCl 

t.e. the origin of the salt minerals l)«‘tween 25"^ and 8,3", it was found convenient to 
divide the temp, interval into three periods. The first ranges from 25" to .37", and 
her® the limits for the phases schonite, epsomite, and MgS() 4 .bH.^() gradually 
b^me less, or disappear, as illustrated diagrammatical ly in the sc hemes I to V, 
Fig. 26. The appearance or disappearance of a new j)ha8e is representt^d by a 
blackened circle. In the second period, between 37" and 55", langbeinite, loweite, 
and vanthoffite appear as new phase, as illustrated in VI to VIII, Fig. 26. In the 
third period, ranging from 55" to 83", astrakanite, loweite, and kainite disappear, 
as illustrated IX to XII, Fig. 26. Below 25", many of the phases disappear, and 
at 18", Glauber's salt appears, and kieserite disappears ; at I3 5°, thenardite dis- 
appears ; and at 13°, the hexahydrate, MgSQj.bHjO, disappears. 

J. H. yau’t Hoff and co-workers ^ have also studied systems containing potas- 
sium, Sodium, and magnesium chlorides and sulphates with calcium sulphate in 
^^tion. The range of existence of the different salt minerals is indicated. The 
limiting soln. for syngenite and polyhalite at 83" are indicated in Table VI. 


Table VI. — Limits or Existenob of the Salt Minerals at 83*. 


1000 oiols of H,0^ 

Ns, Cl, 

B:,CI, j .MsCl, 1 MgSO* |Na,804 CaSO, CaCl, 

NaCl; anhydrite; glauberito 

18 

— 47.6 

i 

13*6 

— 

0*28. — 

NaCl ; glauberite ; syngenite 

406 

33*6 — 

1 

6 6 

jsmall — 

Syngenite; K,S04.6Ca^4.H,0 

40*6 

38*6 — 

i 

2 

i018 — 

Anh^te; K,S04.6CaS04.H,0 

82 1 

31 i ~ 


_ 

0*07 20*6 

OlauDerite ; polyhaiite 

' 43 1 

23*5 — 

7*5 

6 6 

008; — 

Olanberite ; polyhalite ; syngenite 

41 6 * 

32 — 

4*2 

2*7 

0*14 — 

Syngenite; polyhaiite .... 

40*6 1 

37 — 

3 j 

2 

0*14 ; — 

Syngenite; polyhaiite; K,S04.6CaS04.H,0 

40*6 ! 

38 — 

2*6 

0*6 

0*14. — 


1000 mofai H,0 tst. with 


Kainite; NoCI; epaomito ; lfH)nito 
Kainite ; Nb(' 1 ; KCl ; leonite . 

Kainite ; NaCl ; KCl ; oamaJhto 
Kainite; NaCl; MgSO^.SH.O; cmmaUite 
Kainite; NaCl; JlgS04.AH,0: epi»oniite 
Kieaerite; NaCl; Mg80,.8H,0. 

Kieierite ; NaCl ; oarnallite ; kainite . 
Kieserite; NaC 1 ; MgSC.-dHtO; kaimte 
Kieiwrite; NaCl; cwnaUite; MgCl|-«H,0 
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Fio. 26. — Faregcnetic Relations of tho Balt Minerals between 25* and 8T*. 


(Kioa. =»kieft<Tite ; Cam. =»canuiIUf-e ; 6H ,0 and 711,0 stand resjiectively for M«B 04 . 6 H ,0 
and MgS04.71I,0; Astr. maatrakanito ; Then. »th&nardit>o ; Kain wkainibi ; fiecm. 
■■leonite ; SchOn. =»8ch0mte ; Glaa. «glaaeriio ; Vant. ■■vanthofflte ; Loow. «flOwitoj and 
Lngb. oilangbeunte.) 


sulphates and chlorides of sodium and magnesium at different temji. 8. Tukegatni 
studied the equilibrium of salt pairs -sodium and magnesium thlorides and* 
sulphates at 25‘'. 
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§ 14. Bbiffnesium Cirbonate 

Anhydrou.s normal magnesium carbonate, oiM urs m naturo as tho 

niiuoral mwjne.sUc Tlioj wim diMovori'd at llrulwchutx (Moravia), arnl nanuMl 
Kohlemaurer Tullrrdr by W. A. Ii!im|»adju8 (ISiiii ) ; i ami icin^ Tfiikerde, or Talcum 
cnrbonatum, by C. K Ludwig (I8(*:i) J. C. J)<‘lann^tln*no {179.o) ajtplu'd tin* t^rm 
inagneaito to a ''vrn“< nf iiia| 2 m‘''mm < arbonatv, nulpliat^?, nltraG*. and chloridn ; 

and A. Bron^niart apjiln'd the fianiu tunii to a i^roup of minerals ineludmjj majinesimn 
earbonate, ami a of hilioeoim varndius. Tlie earlHinate eaim* lirst in both 

series of maf'nc'^it* .iml the t< rm magm-Hitv was formally n'8<*rved for tin* earlioiiate 
by I). L, G Kar.stuii m 1S<I8 Tins \\a'< (.iraduall) aer<‘|»t<‘d by the (Jernian mnmralo- 
thouf{li, in I'Vam'f, K. S. Hcudant s t^Tm (ftolftrlUr for the carbonatt*, and his 
maj^nesite for tliu '^ilieaO' |»r'\aih'd for a long time. J. G Delamethme used 
hamhssrntr for a "ilicMm- < <irth\ \!iri« t\ from BaudiHwro near Turin whirh was 
analyzed by G A (tioburt . this van<‘t\ <*f magnesite resembles ehalk, and sticks 
to the, tongue 

There are two mam tvpes of magnesite tlie one type is amorphous or a gel 
colloid, and is repre.H.-nted Ity the eompaet, granular, and cleavable forms; and 
the other tvjie o* eurs in di-iim t rhoiuboliedral or trigonal cryKtals. A Hrcithaupt 
called the fi»rmer iita/jm’.'iib and the latter tno/jncjiUe Kyar ; but magnesite is now 
applied to both forms Magie site uMiallv eontains some iron, possibly as ferrous 
carbonate, .mderit<-, and the eolonr may be \sliite, yellow, brown, or rarely black. 

'J'he light coloured fcrniginouii often Worno brown on exposure ; iience 

the name hrowai spur. A vari. iv containing 6 10 por cent. fi*rrouH oxide was cftllfsi by 
W. HaKliiiger, after M. Hreum r, iumumnU, and a variety analy7.e<l tiy L. P. W almstedt, 
containiiiK a little more mangane.si' oxide (bun uminl was colloil by Iv. C. I^n- 

hard. A. Jireithaupt named one \an<ty or nusUmc ~fi4ffhv<', a gn-betwwm- 

b<’ing inlerniediale in eompu«‘iiK>n betw.-un siderite and irisgnesile , and another variety, 
witli ft htilernor.' iron and nearer tie- inean er.iiipoMition of magnofile and siderita, was 
called jnstonu file -■wurTi^, tnily 

Magne.«ite i.s ft^rmed in n.iture as a j•roduct of the action of carbonated waters 
on the more easily detomposed magnesium ror kH c.r/. peritiotit«‘8 and serpentines,* 
The magm'.sia is disholved as < arbonate and may be deposited elsewhen^ along with 
more or less opaline silica formed at the same time. Ferrous carlmnate may also 
be formed and produce a mi.ved <9»rlsmat4*. Instead of depositing their contained 
magnesium carbonate, therw* wab rs may act on limestone or dolomite, replacing 
the calcium by magne.sium. Magnesite may also Is; formed os a sf‘diinenUry 
deposit, for 11. Gale observed that near Bisnell, California, magnesian salt soln. 
mic with .‘Mjdium carbonate, and deposit basic- magnesium carljonal^i. 

No deposits of niagncsite of any indiwtrial irnportance are known in tho Briitst) 
Isles. Lalige deposits of crysialhno rasgnesito occur in Austria and Hungary—prinoipsUy 
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m V«jM. and olberpIaoaH in fltyria, and about Jolwra and KyuaU in N.-W.' Hungary ; 

loUow a N.-B. and N.-W. line crowing Vienna and Budapeat. De^ta are alK> 
worttad at Kraljevo, Serbia, There are very important depoaita of chalk-like magneaite 
in the northern part of the Island of Euboea, Oreeoe ; and ^re are depoaita on the 
Ohakidioe peninsula, Macedonia. In Italy, compact magnesite has l^n quarried at 
Caatlglioncello, Montenifoti on the Island of Elba, and al^ in Turin. In Norway, 
fpatlM magnesite is'W'orked at Snamm, Modum. In Russia, at Mt. Doltaoheja, there 
are quarries of magnesite resembling that* from Austria. There is a small output of 
oompact magnesite from Hpain - Esperanza and San Jose, Santander, Md La Papa, 
Almeria. L^e deposits of compact magnesite occur in the Barberton district. Eastern 
Transvaal, S. Africa. In India, compact magnesite is mined in the Chalk Hills of the 
Salem district, Madras ; and there are deposits at Dod Kanya and Dod Katur, Mysoro. 
Compact magnesite occurs in many parts of Australia — Fifieid, N.8.W. ; Heathcote, 
Victoria j Marlborough and Kunwarara, Queensland ; Tumby Bay, South Australia ; and 
at Bulong, Western Australia. In Canada there are large deposits of lenticular masses of 
magnesite in the Grenville district, Quebec ; and in British Columbia there are dep<^ts 
of compact magnesite and of hydromagnesite. Most of the magnesite mined in the United 
States is of the Gretuan type and comes from California, whore it occurs on the western 
side of the Sierra Nevada m the Tulare, Sonoma, Santa Clara, and Kern coiinties ; and 
crystalline magnesite occurs in Stevens Coimty, Washington. Compact ma^^osite occurs 
<m the Island of Margarita, Venezuela. Compact magnesite also occurs in Manchuria. 
Bibliographies have been published by the Imperial Mineral Rosouroes Bureau, etc.* 
There are many of the deposits in which the magnesite may occur in veins too thin to 
work profitably, and many would bo workable if more favourably situated for transport. 

Numerous analyses of selected spociinens have l^en reported.t The material 
is blasted from the sides of the quarry, and broken to one-man pieces, and the 
particles of ganguo— dolomite, quartz, serpentine, calcitc, and other impurities— 
are removed by cobbing, et<;. The extremes in some commercial samples of raw 
magnesite are indicated in Table VII. Small jiroportions of manganese oxide, 

Table VJl. — C ommercial Analysis or Magnesite. 



.\ (intro- 11 iingariiiD 

Oreciiiii 

Indian. 

('allfornian 

SiO, 

0-4r) -r>83 

0 20-1-63 

022-1-17 

0-73-7-07 

Al,(), 

044-048 

0-15-0-40 

010-0- 14 

0-03-0-26 

Fe,0, 

1-54-7 -70 

0-08 -0-40 

! 0-40-0 -65 

008-0-29 

CaO 

0-20-1 -20 , 

0 61-1*68 

i -0 83 

0-04-1-32 

MkO 

39-64-45 00 

46-46-47 11 

i 46 -28-47 -36 

44-73-46-61 

00, 

47-99-60-44 ! 

49-88-61 -77 

j 6010-61-44 

48-08-61-62 


phosphoric aeid, calcium carbonate, alkalies, and combined water may be present. 
P, Aocum discussed the separation of argillaceous matter from magnesia. 

Magnesite is marketed in three forms : (i) (kude or raw rnagnesUe as produced 
at the mine, (ii) Cawtiic magnesite has been calcined at a red heat. It consists 
mainly of magnesia, and it still retains 2 to 4 per cent, of carbon dioxide. It slakes 
in contact with water, and combines with magnesium chloride* to form Sorel’s 
cement. The calcination of the purer forms of magnesite has at times been effected 
in retorts so as to obtain the carbon dioxide for making effervescent beverages, 
(iii) Dead'burned magnesite is calcined at as high a temp, as is practicable. It 
contains less than one per cent, of carbon dioxide. It is hard, dense, and non- 
plastic and is chcmioally inert, for it does not slake in air or in water ; but it tends 
to disintegrate when exposed to steam.® The shrinkage in making dead-burned 
magnesite approaches 50 per cent., and the product, il the calcination has been 
adequately performed, has lost nearfy all its shrinking power. It is mainly used 
for the manufacture of magnesia (t.e. magnesite) bricks. 

The piepaniticm of normal magniMiiun oarbonate.— T. Bergman,* in his essay 
De addo oireo (Upsala, 1774), described the formation of magnesium carbonate. 
There is a tendency for m^nesium carbonate to separate from its aq. soln. in a 
hydrated form, or if precipitated it undergoes more or less hydrolysis and appears 
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AS bMio carbonate. W. Bramley and W. P. Cochrane heated a tola, of an allcali 
or ammonium hy<^-carbonate or sesqui-carbonate in a eJoaed wmel WiUi magnaua. 
Hydrated magneeium oarbonate ia -formed, and the hydro- or aesqui-carbonata ii 
converted into normal carbonate. MagntHiium carbonate and mafineaia alba ware 
found by J. J. Berrelius to contain alkali carl)onAte and oooJudwi ohloridaa or 
anlphates. The alkali carbonate cannot bo lemoved by rejx'ated extraction with 
boiling water, but W. A. Davis puritied the uarUmate by dissolving it in water 
through whi('h carbon dioxide was passing ; and deconqHwiug the iiltercd aoln, by 
boiling. If necessary the treatment is n'|»eaUHl on tlie washed produet. H, de 
S^narmont obtained % granular nmas of crystals of aubydrous magnesium carbonate 
by the action of sodium carlionate on magnesium sulphate in a sealed tulw* Iwiwcon 
160"* and 17.')" ; he also obtained a similar product from a tn^ln. of magumiium 
carbonate in carbonic acid at al>out irw)". H. Marc and A. Simek mode anhydroua 
rhombohedral crystals of magnesite by beating 10 grms. of the ])rtH3ipitated (Aarlxmato 
with 300 o.c. of water and a few grms. of solid (Mirbon dioxide in a sealed tulu', in an 
autoclave at 185" and a press, of 2O-»‘J0 atm. H. Hose found that if the soln. be 
evaporated to dryness crystals of magnesite ^>sembling aragonite are pr^Hliu«ed as 
well as the basic carlionate magnesia alba. If this lx* correct, magnesium carbonate 
is dimor])hou8 like calciiiiu carlxmate. L Bourgi'ois found that pn-cipitated 
magnesium carbonate furnishes crystals of inagneaiO* when heated with un^a in a 
scaled tube at 140 ' ; if ammonium nitrate W uwd in place of uroa, the crystal liaaiion 
does not take place. 0. Brill obtained a llocculent form of anhydrous magnesium 
carbonate by heating the. basic carbonate ; or pn'cipitation by alkali carbonate from a 
solu. of a magnesium salt, between 150 and 220", in an atm. of dry carbon dioxide. 
C. Heyer proposed to remove the alkali, which adhen^s v<Ty tenaciously to the 
precipitate, by heating the mass, and then w'oahing out the alkali. A. Hdhrig, and 
J. Treuinann heated under press, a soln. of a magnesium salt with calcium carbonate. 
R. Engel obtained crvstalsof magnesite by heating ammonium magm^sium carlKinate, 
(NH4)2Mg(('0;()o 4 Hm(). in a stream of dry air between 130" and 140". The oorre- 
Bponding ])ota.ssium salt furnishes a similar result at 2(X)'’, and the alkali carbonate 
can b(* washed out with cold water. 

C. Neulw-rg and B Rewald ^ prepared ooUoidal maglKWiqm Ofbo n a te by paMing 
a stream of carlmn dioxide into a methyl alcohol soln. of magnesium oxide ; the 
opaque liiiuid c!(*ars in about 24 hrs. Water flocculates the (xilloidal soln. 

nie physical properties of anhydrous magsesiiiiD carbonate,*— The natural 
crystals belong to the trigonal system* and have the axial ratio 
with a=l03" 21 i'. Magnesium carbonate is the first membt^r of a series of iso- 
moiqihous carbonates, including calcium, manganous, ferrous, zinc, and cadmium 
carbonates. If G. Rose’s stet/mientr- pule »upra~he eorn^ot, magnesium carbonate, 
like calcium carbonate, is diinoqdjous. A. W. Hull® studied the X**ridiOCnUILi 
The specifle gravity has b<ien dett-rmined by many obsiirvers, and the roported 
values for crystalline magnesite range from A. Breithaupt's, and R. K. Marobaod 
and T. Schecrer’s 3 017, to A. Jentzsch’s 3-07(1. The best reprc'sentative value 
approaches 3 037 ; for arnorjihous magnesite W. Bec.k, and R. F. Mariihaud and 
T. Scheerer give 21134 ; K. Grunberg gives 2*822 for the sp. gr. of magnesium 
carbonate, and 3 27 for that of ferrous carlxmate ; and the sf). gr. of isomorphous 
mixtures of the two changes linearly btitwoen tlie^ limits. W. Ib-ck's value for the 
mnlaonlar foltUDC is 27 '38. The haidnai of crystalline magnesite ranges between 
3J and 4^ ; amorphous magnesite, with more or less silica, may Ixi still harder 
than this. Thi-s subject has been discussed by A. Reis and L. JSimmermann. 

H. Fizeau found the oocfBotent of tbcnul wpiagion in the din-ction of tba 
principal axis to be a=0-(t(J0021.‘iO, and in a direction nornial to this, a' -^*00000509. 
R. Ulrich and B. Wollny found the fpcdfio hottof magnesite to be 0 2438 between 
17® and 99® ; and, for artificial mi^iKisiuin carbonate, 0-245(1, A, 8. Hemchel gave 
0-24 for the sp. ht. of magnosite. The hoit cf tormatioD, acc-ording to M. Berthebt 
for the prempitated carbonate (Mg, 30, C)— 260'6 Cals., or MgO«q.)«17‘9 
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Cftls, f and K2C03ftq,-|*’^^S04ftq, — MgC08“f*K2®^44Q."i"2*l Cals. R. de Foicrand 
gives (MgO, C02)=28'9 Cals, R. Marc and A. Simek give -“23'2 Cals, for the heat 
af dissociation of magnesium carbonate. J. Johnston gives for the free energy 
of the dissociation carbonate to oxide 11,700 cals, at 25°. E. Mallard gave for the 
index of refraction of natural crystals for Na-light to =1717 for the ordinary ray, 
and €=1*515 for the extraordinary ray ; the double refraction is strongly negative. 
W. Ortloff’s value for the refraction equivalent for the ordinary ray is 19*63, and for 
the extraordinary ray, 14*10, when calculated from Gladstone and Dale’s formula. 
According to P. Bary, magnesite exhibits no fluorescence with BecquerePs rays or 
Rontgen’s rays. L. Knobloch found the contact electricity of powdered magnesite 
with a plate of platinum, paraffin, or sulphur was negative, and positive with a plate 
of glass. 

The action of heat on magnesium carbonate.— The conclusions drawn by 
different observers are not always in agreement. H. Rose lo stated that magnesium 
carbonate begins to lose carbon dioxide between 200° and 300°, and that when heated 
to a dull red heat all the carbon dioxide is lost ; au contraire, R. E. Marchand and 
T. Scheerer stated that after a prolonged calcination at a bright red heat, the product 
still retains carbon dioxide, W. C. Anderson found the lowest temp, at which 
magnesite begins to lose carbon dioxide is 405° ; with the so-called heavy carbonate, 
the temp, is 368°, with light carbonate, 352°, and with crystal carbonate, 271*5° ; 
in the case of light and crystal carbonates, the expulsion of carbon dioxide was 
stated to be complete at about ^50°, while the heavy carbonate retains a little of its 
carbon dioxide at temp, over 810°. H. le Chatelier found under atm. jiress. carbon 
dioxide is given off from magnesite at 680° ; and J. A. Hedvall gave 546° for the 
dissociation temperature. K. Friedrich and L. G. Smith found the decomposition 
of magnesite begins about 570°, and a maximum" thermal change in the heating 
curve occurs at about 600°. A. Vesterberg found that magnesite decomposes more 
readily than dolomite ; that magnesite first gives off carbon dioxide at 448°, and 
loses virtually all that gas when heated for an hour at 500°, whereas dolomite loses 
but little if any carbon dioxide at that temp. E. Wiilfing also found that the temp, 
at which magnesite decomposes rapidly is but little over 500°, while with dolomite 
the temp, is much higher than this. J. Johnston gives for the dissociation pressure 
at 25°, 2*6x10^ atm., and for the dissojciation temp. 230° at 760 mm. ; for the 
latter, R. Marc and A. Simek give 402°, 

. 0. Brill studied the dissociation of artificial normal magnesium carbonate and, 
starting with 68*70 grms., he measured the loss in weight after heating 10 mins, at 
different temp, ranging from 135° to 630°. The following is a selection from a few 
of his measurements of the weight after heating to different temp . : 

135 “ 237 “ 266 “ 300 “ ' 840 “ 360 “ 435 “ 466 “ 600 “ 630 “ 

Grms. . . 68-70 67-90 64-66 64 10 63-46 62-90 69 76 41 10 38-16 32-96 

The whole of the results are plotted in Fig. 27. There appears to be a s(;ries of breaks 
in the curve. He considers that this proves that the decomposition of magnesium 
carbonate takes place in a series of stages corresponding with the formation of a 
series of basic carbonates each of which has a definite dissociation temp. The 
carbonates with their dissociation temp, are as follows : — 

lOMgO.OCO, OMgO.SGOj SMgO.TCO, 7Mg0.6C0a 6Mg0.6C0a 5Mg0.4C02 7Mg0.C02 

266® 296® 326® 340® 380® 406® 610® 

As W. A. Davis has pointed out, the fact that 0. Brill worked with a hygroscopic 
magnesium carbonate having the compositioh MgC 03 .iH 20 , deprives his results of 
real significance as examples of the dissociation of magnesium carbonate. The 
presence of water caused the material to break down at 230°, a much lower temp, 
than that required for the dissociation of magnesite, but approaching the temp, 
required for the decomposition of the trihydrate. R. Marc and A. Simek also 
emphasize the fact that precipitated magnesium carbonate retains water very 
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tenaoioiialy. K. Friedrich Sind L. 0. Smith observed no discontinuities. Accordingly, 
the breaks are probably due to some cause other than the formation of basic car- 
bonates. Measurements of the dissociation of dried magnesium carbonate are 
unsatisfactory because of the slowness 
of the change ; the presence of water 
vapour accelerates the change with- 
out disturbing the results because 
niagnesium hydroxide dissociates at 
180® at atm. press. The presence of 
fused potassium nitrate also stimu- 
lates the reaction. According to 
K. Griinberg, when a mixture of 
artificial magnesite, dolomite, and 
calcite is heated in a stream of hot 
air, in a silica vessel, the magnesite 
is completely decomposed at 410® ; 
the dolomite loses carbon dioxide 
corresponding with the magnesia 
content at 500®, and with the lime 
content at 530® ; and finally the cal- 
cite is decomposed at 570®. E. Eei- 
chardt and T. P. Blumtrill found that 
100 grms. of magnesium carbonate 

absorb 720 c.c. of gas from the air, and the vol. composition of the gas is 
64 per cent, nitrogen, 7 per cent, oxygen, and 29 per cent, carbon dioxide. 



300 ^ 500 ^ 
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Fio. 27. — The Action of Heat on Magnesium 
Carbonate. 
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§ 15. Hydrated Magnesium Carbonates 

Several hydrates of normal magnesium carbonate, MgC 03 .»iH 20 , have been 
reported, where n may be 1, 2, 3, 3|, 4, and 5. It is, however, by no means clear if 
all of them are chemical individuals, and it has been argued that the trihydrate is a 
hydrated basic hydrocarbonate. H. Beckurts i succeeded in making only the tri- 
hydrate. It is fairly obvious that the equilibrium relations of the hydrated normal 
carbonates require examination in the light of the phase rule. 

E. A. NOrgeiard is the authority for the report of the first two of these hydrates ; he 
claimed to have made monohydrated magnesium carbonate, MgCO,.HaO, as a granular 
precipitate, by heating a dil. or cone. soln. of magnesium carbonate in carbonic acid, or in 
a soln. of magnesium sulphate, but not sufficiently high for the evolution of carbon dioxide. 
He said the precipitate is not changed by washing. The analysis 38 03 per cent. MgO 
agrees as well with a mixture of Mg(OH)g-l-MgCO,.3H,0 as with MgCOj.HgO. E. A. NOr- 
gaard made dihydratod magnesium carltonate, MgC 03 . 2 H 20 by precipitation, by adding 
sodium carbonate to an excess of a soln. of magnesium sulphate — between 18° and 20° 
the precipitate is amorphous. The temp, falls from 20° to 3*6° during its fonnation, and 
rises 3*6° to 6° during its passage to the crystalline state. The analysis 34*06 per cent. 
MgO agrees with a mixture of Mg{OH), -f-MgCO,.3H,0 as well as with MgCOj. 2H ,0. From 
the work of W. A. Davis, it is probable that the so-called monohydrated magnesium 
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carbonate is magnesium hydroxycarbonate, Mg(HCO,)(OH), and the so-called dihydrated 
magnesium carbonate is a mixture of anhydrous magnesium hydroxycarbonate and of its 
dihydrate, Mg{HC0,)0H.2H,0. According to T. C. W. BrOkamit, the amorphous precipi- 
tate obtained by adding sodiiim, potassium, or ammonium carbonate, or hydrooarbonate 
to a soln. of magnesium sulphate, and generally supposed to be a basic carbonate, becomes 
crystalline after some time, and may be trihydrated magnesium carbonate, MgCOj.SHjO. 

The rare mineral nesquehonite, trihydrated magnesium carbonate, MgCOs.SHgO, 
was discovered in the anthracite mine of Nesquehoning, Lansford, Pa., and described 
by F. A. Genth and S. L. Penfield (1890). The mineral was first observed as being 
formed as stalactites in one of the galleries. It was also found by G. Friedei at 
Isfere (France), and Tby H. Leitmeier as a deposit from the mineral springs at 
Rohitsch-Sauerbrunn (Unterstiermark) at about 6°. According to J. J. Berzelius, 
the trihydrate is formed when a soln. of magnesium carbonate in aq. carbonic acid is 
allowed to evaporate spontaneously in air ; or, according to J. Fritzsche, when the 
soln. sat. with carbon dioxide under press, is kept above 20° — the Salzbergwerk 
Neu-Stassfurt has a number of patents involving modifications of these processes. 
H. Leitmeier found the soln. furnishes the basic carbonate, Mg4C302o.6H20, from the 
b.p. down to 60°-65° ; from 60°-55°, the basic carbonate is mixed with the tri- 
hydrate, MgC03.3H20 ; at still lower temp, the trihydrate forms alone ; and below 
10°, the pentahy (Irate, MgC03.5H20, appears. C. Kippenberger found that crystals 
of his MgC03.3|H20 form the trihydrate when allowed to stand in dry air, or over 
sulphuric acid. J. Fritzsche observed that the pentahydratc loses two-fiftlis of its 
water and forms the trihydrate when exposed in a glass tube to sunlight ; and when 
treated in other ways — vide infra. According to A. F. de Fourcroy, and V. Rose, 
a mixture of aq. soln. of magnesium sulphate and sodium or potassium hydro- 
carbonate is initially clear, but it deposits crystals of the trihydrate when allowed 
to stand for some time ; according to J. B. J. D. Boussingault, sodium sesqui- 
carbonate can be used in place of the hydrocarbonate. Again, J. Fritzsche, E. Sou- 
beiran, and P. A. Favre found that the precipitate which normal sodium carbonate 
gives with a soln. of magnesium sulphate is converted into crystals of the trihydratc 
if allowed to stand for a few days at a temp, between 0° and 10° — E. A. Norgaard 
added that it is best to use an excess of magnesium sulphate, and if the temp, is below 
22°, the pentahy drate is formed. According to a patent of the Salzbergwerk 
Neu-Stassfurt, a soln. of potassium magnesium carbonate reacts with magnesia : 
2(MgC03.KHC03.4H20)4-Mg0=K2C03-f3(MgC03.3H20) at temp, between 20° 
and 50°. 

According to W. A. Davis, the salt which is supposed to be the trihydrated normal 
carbonate is really a dihydrated maynesiurn hy dr oxy carbonate ^ 

This opinion is based on the fact that the salt loses only two-thirds of its water when 
heated at 100° in a current of air, or boiled with a liquid like xylene (b.p. 137°) ; the 
remaining third of the water is expelled only at a much higher temp., and always 
together with some carbon dioxide. 

W. A. Davis prepared dihydrated magnesium hydroxycarbonate, the so-called tri- 
hydrated m^nesium carbonate, by mixing cold soln. of eq. quantities of sodium carbonate 
and ma^esium sulphate, each dissolved in 16 parts of water. The precipitate first formed 
was left in contact with the mother liquor when it became entirely crystalline. The mother 
liquid, after standing for three months, had deposited a further crop of needle-like crystals. 
In b(^th cases, the ‘crystals had the composition Mg(HC 03 ) 0 H. 2 H 20 . The conversion of 
the dihydrate into the anhydrous salt, Mg(HC08)OH, is effected as previously indicated. 

The mode of formation of this salt shows that a basic carbonate cannot be 
produced by the decomposition of the hydroxyhydrocarbonate by water at the 
ordiftary temp. ; the crystals separated from the mother liquor remained in contact 
with water containing a slight excess of alkaline carbonate during three months, 
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and yet contained magnesia and carbon dioxide in the ratio corresponding with a 
nort)^ carbonate. Water, free from alkali, is practically without action on mag- 
nesium hydroxyhydrocarbonate at ordinary temp. W. A. Davis supposes that the 
formation of the hydroxyhydrocarbonate in a soln. of magnesium carbonate in 
carbonic acid, when the partial press, of the carbon dioxide is low enough, is due to 
hy^lysis: Mg(HC08)2-fH20~Mg(0H)(HC08) 4 - 02003 . When this compound is 
boiled with water, two actions take place simultaneously : Mg(HC 0 i 3 ) 0 H. 2 H 20 
«Mg(HC 08 ) 0 H 4 - 2 H 20 ; and Mg(HC 08 ) 0 H 4 -H 20 =:Mg( 0 H) 2 -f H 2 O 4 -CO 2 , so that 
the product is a mixture of magnesium hydroxide and hydroxycarbonate. The 
change is slow because a coating of magnesium hydroxide protects the interior of 
the crystals from the water. 

■ Needle-like crystals of the trihydrate were obtamed by W. A. Davis. According 
to F. A. Genth and S. L. Penfield, the natural salt belongs to the rhombic system 
with axial ratios a:h: c=0'6450 : 1 : 0’4568 ; and their values for the specific gravity 
of nesquehonite range from 1*83 to 1*852 ; H. Leitmeier gave 1*854 ; and for the 
artificial crystals, G. von Knorre gave 1*808, and H. Beckurts, 1*875. Well-developed 
crystals of magnesite are rare. R. W. G. WyckofE tried to get Laue’s patterns with 
some short six-sided prisms, but the results were not satisfactory. X-l^Ogiams of 
the powder by W. P. Davey and E. 0. Hofiman showed that the space lattice is 
like that of sodium chloride. A. W. Hull also studied the subject. According to 
P. A. Genth and S. L. Penfield, the hardness of the mineral is 2J ; and the inmces 
of refraction for Na-light are fXa=l*495, and j[iy=l‘526. P. Pascal gave 

727 Xl0~7 for the mol. coefficient of magnetization. 

J. Fritzsche said the crystals are stable in air ; and J. J, Berzelius said the 
crystals effloresce in dry air. Observations on the solubility of the salt are indicated 
below. The crystals were found by E. Soubeiran to have an alkaline taste, and to 
colour a decoction of violets green. H. Beckurts said the salt loses 15*27 per cent, 
of water and carbon dioxide at 100° — H. Rose assumed that water alone was lost 
at this temp.-— at 200° more water and carbon dioxide are given off ; and at 
300°, all these gases have not been driven off; but all can be driven off 
at a higher temp, leaving residual magnesium oxide. J. J. Berzelius, and 
E. Soubeiran found the soln. gives off carbon dioxide when boiled, and deposits 
magnesia alba; H. Rose also noted the loss of carbon dioxide when the soln. is 
boiled, although J. Fritzsche found boiling water did not decompose the salt. 
J. J. Berzelius, and A. Bineau observed that when cold water dissolves the tri- 
hydrate a basic salt is precipitated and an acid salt remains in soln. According to 
V. A. Jacquelain, the salt loses carbon dioxide in a stream of moist air, or at 90° or 
100° in a stream of water vapour. 

C. Kippenberger prepared what he regarded as pentadeoatetrltahydrated magnesium 
carbonate, MgCO,.3iH,0, by dissolving freshly precipitated magnesium carbonate in an 
aq. soln. of potassium or sodium hydrocarbonate, and allowing the soln. to stand for some 
time. The ciystals are said to pass readily into the trihydrate, on standing in dry air, or 
over sulphuric acid. J. C. G. de Marignac obtained fine prismatic crystals of tetrahydrated 
magneiium carbonate, MgC 03 . 4 H| 0 , by very slowly evaporating a soln. of magnesiiun 
hydrocarbonate. The Crystals belong to the monoclinic system, and have the axial ratios 
a ; 6 : cnr0366 ; 1 : 0*9653, and j3=101® 33'. A. Damour obtained the same product, but 
E. A. NOigaard supposed it to be a mixture and not a chemical individual, even though 
J. 0. G. de Marignac’s analysis of an isolated crystal gave numbers in agreement with 
MgCO,.4H,0. 

J. Fritzsche found that when a sat. soln. of magnesium carbonate in carbonic 
acid is exposed to the cold of winter in a loosely covered vessel, a mixture of tri- and 
penttffiydrated m^esium carbonate, Mg€0s.5H20, is formed, and the pro- 
portion of the higher hydrate increases the lower the temp, of formation. 

E. A. Norgaard prepared the pentahydrate by adding normal sodium carbonate to a 
soln. of magnesium sulphate at 0° until it begins to appear turbid, and allowing the 
mixture to stand for some time. G. Moressle dissolved magnesium oxide in watei 
at 10°, sat. with carbon dioxide under a press, of 5-6 atm. The filtrate deposit* 
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monoolinio crystals of the pentahydrate ; the analyses sometimes show a somewhat 
higher percentage of ma^esia, presumably owing to a partial decomposition. 

The mineral lanisfordite was reported by F. A. Genth and S. L. Penfield, from the 
anthracite mines of Nesquehoning, Lansford, Pa., where it has probably been formed 
by the percolation of ground waters rich in magnesia and carbon dioxide. Lans- 
fordite occurs in prismatic crystals which were stated to belong to the triolinio 
system, the axial ratios being a:h: c=0‘5493 : 1 : 0’5655. The chemical analysis 
corresponds with 3MgC08.Mg(0H)2.21H20. H. J. Brooke gave for the 
axial ratios of the monoclinic tabular crystals of the pentahydrate a:b:o 
=1T156 : 1 : 1*7817, And j8=:107® 40', but there appears to be some mistake here. 
The crystals of the pentahydrate obtained by G. Moress^e were found by G. Cesaro 
to be hexagonal prisms belonging to the monoclinic system with axial ratios 
a:h: c==l-6393 : 1 : 0*96676, and j3=77° 50' 58" ; and the latter claimed that &e 
crystalline form of the pentahydrate is identical with that of lansfordite, and that 
the smaller proportion of carbon dioxide in the analysis of lansfordite is really due 
to the decomposition of the unstable mineral during analysis. The sp. gr. of lans- 
fordite was found to vary from 1*692 to 1*540 ; H. Leitmeier gave 1*688, and he also 
concluded that lansfordite is really partially decomposed pentahydrated magnesium 
carbonate, and that the crystallographic data of F. A. Genth and S. L. Penfield 
were defective owing to the imperfections in the specimen available for measure- 
ment. G. Cesaro gave 1*73 (19°) for the sp. gr. of the pentahydrate, and he stated 
that the crystals are harder than gypsum, but softer than|]calcite ; F. A. Genth and 
S. L. Penfield gave 2 J for the hardness of lansfordite. 

According to E. A. Norgaard, there are two forms of the pentahydrate—tabular 
and columnar. The former is produced below 16°, the latter below 10°. J. Fritzsche 
found the crystals of the pentahydrate part with two-fifths of their combined water 
when exposed to air, and more rapidly on exposure to sunlight ; the same result 
is obtained by keeping the pentahydrate for a long time in water at 50° ; and when 
heated to 75°, they lose carbon dioxide as well as water. E. A. Norgaard said that 
the tabular crystals pass into the trihydrate if heated under water at 20°-25°; and 
when warmed under water to about 100°, they begin to lose carbon dioxide provided 
contact with the walls of the vessel is avoided ; if the temp, be raised slowly, the 
pentahydrate swells at about 50°, and passes into the trihydrate ; if the temp, be 
raised very rapidly to 90°, the tabular crystals pass into the monohydrate. The 
columnar crystals eflBioresce on exposure to air, and decompose when boiled in water 
more readily than the tabular crystals. The solubility of the pentahydrate is 
indicated in the next section. According to G. Cesaro, the aq. soln. is alkaline to 
litmus and phenolphthalein, and he found that the residue obtained by the spon- 
taneous evaporation of its aq. soln. seems to contain both the original substance and 
a small quantity of nesquehonite, MgC03.3H20. A soln. of G. Moress^e’s carbonate 
becomes turbid when heated to boiling, but the precipitate redissolves on cooling 
the liquid to 10°, and the latter, when evaporated,' leaves an amorphous residue 
containing crystals of both MgCOg, 5H2O and of nesquehonite. H. Leitmeier found 
the heating curve of the pentahydrate to show a well-defined break at about 50° 
corresponding with its transformation into the trihydrate. The tetrahydrate of 
J. C, G. de Marignac gives no such break. 
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§ 16. The Solubility of Magnesium Carbonate 

The available data for the solubility of normal magnesium carbonate in water 
are not satisfactory. T. Bergman i made some observations on this subject in 1775. 
P. Butini found that “ an ounce of distilled water dissolves from 1*0 to 1 '5 grains of 
magnesia, whereas the same quantity of aerated water takes up 13 grains.” Accord- 
ing to A. M. Pleischl, and M. Pichard, when powdered magnesite is moistened with 
water, it gives an alkaline reaction with vegetable colouring matters. N. Ljubavin 
reported that at 26°, 100 grms. of water dissolve 0*27 grm. of normal magnesium 
carbonate, and 8*12 grms. of trihydrated magnesium carbonate, MgC03.3H20 ; on 
the other hand, W. A. Davis stated that magnesite and dolomite are as resistant 
to the solvent action of water as is calcium carbonate. Magnesite is insoluble in 
water, and is not affected to an appreciable extent by boiling it with water or with 
an aq. soln. of an alkali carbonate. F. Gothe says water free from carbon dioxide 
dissolves 94*4 mgrms. of magnesium carbonate per litre ; and R. C, Wells, that a 
soln. of distilled water in equilibrium with atm. air, at 20°, dissolves 0*083 mgrm. 
of magnesite. The diversity of the data indicated below has been explained by 
assuming the existence of various modifications of magnesium carbonate which 
slowly pass into stable forms. 

The anhydrous magnesium carbonate prepared by R. Engel by heating to 130° 
double ammonium magnesium carbonate, is sensitive towards water, for it slakes 
in moist air, and readily forms the trihydrate, Mg003.3H20 ; 100 c.c. of water 
was also found to dissolve 0*2 grm. of the carbonate. According to E. A. Norgaard, 
100 parts of water, between 0° and 7°, dissolve about 0*167 part of both forms of 
the pentahydrate, MgC03.5H20 ; and, according to G. Cesaro, 100 parts of cold 
water dissolve 0*374 of the pentahydrate prepared by G. Morcssee. A. Bincau, 
R. Engel, and H. Beckurts noted the solubility of the trihydrate, MgC03.3H20, in 
water, and E. A. Norgaard found that 100 grms. of soln. between 0° and 16°, 
contained ; 

0 ° e-S" 8“ 10° 15° 25° 85“ 

MgCOg.SHjO . 0-16 0 163 0 166 0*179; 0141 0 129 0 106 grm. 

The data between 15° and 35° arc by P. Auerbach. F. Kohlrausch and F. Rose did 
not get constant results by measuring the conductivity of sat. soln., but later 
F. Kohlrausch obtained 794 X 10~® rec. ohms for the sp. conductivity of a soln. sat. 
at 18°. According to E. Soubeiran, when an aq. soln. of magnesium carbonate is 
boiled, carbon dioxide is evolved, and magnesia alba is precipitated. A. Cavazzi 
showed that while the dissociation of calcium carbonate in boibng water is limited 
when a certain proportion of calcium hydroxide has been dissolved, no limit occurs 
with the dissociation of magnesium carbonate under these conditions — magnesium 
hydroxide is a weak base nearly insoluble in water, while calcium hydroxide is a 
strong base fairly soluble in water ; the former, too, has little affinity for carbon 
dioxide, while the latter has a strong affinity for that gas. 

N. Ljubavin observed that the solubility of magnesium carbonate in water is 
augmented by the presence of calcium chloride, or of sodium chloride. R. C. Wells 
also studied the solubility of magnesium carbonate in natural waters. E. Fleischer 
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found an aq. soln. of calcium sulphate readily decomposes magnesium carbonate, 
particularly if some sodium chloride is present. According to F. K. Cameron and 
A. Seidell, in air free from carbon dioxide, the solubility of magnesium carbonate 
increases to a maximum and then decreases with increasing cone, of sodium chloride ; 
thus, expressing the results in grams per litre, at 23°, 

NaCl . . 00 280 69-6 106-3 147-4 231*1 272-9 331-4 

MgCOj . . 0-176 0-418 0-627 0-686 0644 0460 0-393 0293 

but, when in contact with an atm. of carbon dioxide, under normal press., the 
solubility of magnesium carbonate decreases regularly with increasing cone, of 
sodium chloride. 

. NaCl . 7-0 66-6 119-7 163 9 2248 3066 

MgCOa . 30-64 30-18 27 88 24 96 20 78 10 76 

F. K. Cameron and A. Seidell added : “ This appears to be a real exception to the 
hypothesis of electrolytic dissociation for which no explanation based upon that 
hypothesis can be offered.” C. Kippenberger explains the phenomenon by assuming 
that the products of a reaction between the two salts suffer hydrolysis. The solu- 
bility of magnesium carbonate in soln. of sodium sulphate, at 24°, has been measured 
by F. K. Cameron and A. Seidell. In an atm. free from carbon dioxide, the solubility 
increases with increasing cone, of sodium sulphate : 

NajSO, . . 0-00 26*12 64*76 96*68 160*8 191*9 264*6 306 1 

MgOOa . . 0-216 0*686 0*828 1 020 1*230 1*280 1*338 1-388 

The solubilities at 35‘5° are less, showing that the solubility of magnesium carbonate 
in soln. of sodium sulphate, with soln. exposed to an atm. of carbon dioxide, under 
normal press., increases slightly and then decreases with increasing cone, of sodium 
sulphate. W. A. Davis found the presence of potassium sulphate, potassium nitrate, 
or potassium chloride favours the soln. of magnesium carbonate, and he believes the 
increased solubility is due to the formation of mixed salts, KSO4.Mg.CO3K ; 
NO3.Mg.KCO3; Cl.Mg.KCO3, etc. According to F. Gothe, the solubility of 
magnesium carbonate is increased by the presence of alhali chlorides, nitrates, and 
sulphates in the water, but decreased by alkali carbonates, and by the alkaline earth 
chlorides, nitrates, and sulphates ; ammonium salts decompose the carbonate and 
the effect on the solubility cannot be determined. The solubility is increased 
when the water contains organic {humus) substances, especially when alkali salts are 
also present, but is decreased in the presence of alkali-earth salts. According to 
K. C. Wells, certain natural waters, freely exposed to the atm., seem to be super- 
saturated with respect to magnesite, but none of them approaches very closely to 
the point of sat. of the trihydrate. A. Frebault and A. Destrem have studied the ' 
action of disodium hydrophosphate on magnesium carbonate. G. C. Wittstein 
found magnesium carbonate is readily soluble in cold soln. of the alkali borates, 
and when heated, the soln. forms a precipitate which redissolves on cooling. 

Freshly precipitated magnesium carbonate is soluble in soln. of magnesium 
chloride or magnesium sulphate. According to E. A. Norgaard, the solubility of 
magnesium carbonate is raised in the presence of magnesium sulphate, and with a 
mol of the latter salt per litre, 

0“ 10^ 20“ 30“ 

MgCOj . . . 0-20 0-16 0-11 0-18 mol. 

T. S. Hunt was able to dissolve 5 grms. of magnesium carbonate in a litre of water 
containing 60 grms. of heptahydrated magnesium sulphate and a little sodium 
chloride ; when the alkaline soln. is heated a precipitate is formed which redissolves 
as the soln. cools. According to E. A. Norgaard, freshly prepared tabular crystals 
of pentahydrated magnesium carbonate, dissolve in a 4 per cent. soln. of magnesium 
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sulphate or sodium carbonate, but the prismatic form is insoluble in these menstrua, 

^ SO 

W. A. Davis supposes a mixed salt of the type Mg<QQ^>Mg is formed. 

According to C. Kippenberger, soln. of sodium carbonate readily dissolve 
freshly precipitated magnesium carbonate. F. K. Cameron and A. Seidell found 
for soln. in equilibrium with an atm. free from carbon dioxide at 25®, when the 
results are expressed in grams per litre, 


Na.COj . . 0*00 23-12 60-76 86-42 127-3 160-8 181-9 213 2 

MgCO, . . 0-223 0-288 0-610 0*879 1-314 1-636 1*972 2*317 

Except for the lower cone., the increase in solubility of the magnesium carbonate 
with increase in the amount of sodium carbonate is represented by an approximately 
straight line. The sp. gr. of the soln. were also determined. F. Auerbach found 
at 15®, 25°, and 36° for soln. of 'potassium hydrocarhonaiet when the results are 
expressed in mols per litre, at 25° : 


KHCO, . . 0 0*0986 0 2210 0 3434 0-4986 0 3906 0-6893 0 6406 1 126 

MgCOa . . 0-0087 0-0116 00149 0*0181 0*0217 0*0196 00128 0*0117 00061 

SoUd phases . MgCOj.SHaO MgCOa.KHC 03 . 4 H ,0 

The solubility thus increases as the cone, of the alkali hydrocarbonate increases 
until the double salt, MgCO 3 .KHCO 8 . 4 H 2 O, is formed, and thereafter the solubility 
diminishes. The solubility of magnesia alba was found by P. Butini,^ T. Berg- 
man, C. L. Berthollet, and F. Oothe to be raised by the presence of carbon dioxide 
in soln. A similar remark applies to magnesium carbonate. 

P. Butini stated that water may be over-saturated with magnesia and yet pass through 
the filter-paper and remain clear ; such a soln. is obtained by immediately filtering the 
water in which epsom salt has been decomposed ; and if heated to 20° (which may be done 
in the palm of the hand), it lets fall its earth, which is redissolved when the liquid cools to 
about 16°. This is a very amusing experiment. 

According to E. Soubeiran, the sat. soln. contains twice as much carbon dioxide as 
the normal carbonate. It was assumed by A. Cossa, C. Kippenberger, etc., that 
magnesiain hydrocarbonate, Mg(HC 03 ) 2 , is formed, but the salt has not been 
isolated ; and, according to F. P. Treadwell and M. Reuter, the hydrocarbonate 
exists in aq. soln. only in the presence of a large excess of carbon dioxide ; if the 
partial press, of this gas falls below 2 per cent., the soln. loses all its free carbon 
dioxide and part of that present as hydrocarbonate. At 15®, a litre of a sok. 
is estimated to contain r9540 grms. of hydrocarbonate, and 0*7156 grm. of 
carbonate. The conclusion is supported by R. Rinne ; and P. N. Raikow found 
that a soln. of magnesium nitrate precipitated by a definite amount of potassium 
hydroxide, absorbed enough carbon dioxide to form the hydrocarbonate. 
M. Monhaupt tried to precipitate the hydrocarbonate by adding alcohol to the sat. 
soln., but he obtained only the trihydrated carbonate, MgCOs. 3 H 2 O. W. A. Davis 
also found that the solid phase which separated from a soln. of the so-called hydro- 
carbonate is trihydrated magnesium carbonate, a result confirmed by F. K. Cameron 
and W. 0. Robinson. The latter also measured the vap. press, of carbon dioxide, 
expressed in p cms. of mercury, when 10 grms. of carbon dioxide are successively 
added to wet magnesium hydroxide : 

w . .0-00 0-1619 0-1963 0*2170 0*3038 0*3266 0*3906 0*6642 

p . . 76 78 80 88 90 112 142 276 

The results are plotted in Fig. 28, which shows a curve consisting of three parts. 
The portion AB remains constant, and it corresponds with the formation of normal 
magnesium carbonate ; the portion BG corresponds with the absorption of carbon 
dioxide— some of the solid phase appeared to pass into soln. ; and the portion CD in 
which the addition of carbon dioxide has no influence on the solid phase. When 
the excess of carbon dioxide is allowed to escape until p has reached atm. press.. 
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the molar ratio MgO : CO2 in the solid is nearly that required for the hydrocmboMt^ 
F. K. Cameron and W. 0. Robinson regard the solid as a soln. of carbon dioxide m 
trihydrated magnesium carbonate, 
acid containing *‘13 grains per 
ounce” is the fluid rmgmesia or 
the liquor magnesiat carboruUes of 
the British Pharmacopoeia. 

H. Leitmeier found a litre of 
water sat. with carbon dioxide at 
ordinary temp, dissolves 0’08 grm. 
of crystalline magnesite, and 0*22 
grm. of amorphous magnesite. 

The solubility of magnesium car- 
bonate in aq. soln. of carbon 
dioxide depends on the slowness 
of the conversion of one modifica- 
tion into another— say, the basic carbonate into trihydrated normal carbonate— 
and this, in turn, depends on the source of the solid employed, and on tlie time 
of contact. Thus, R. Engel found the following values for the solubilities starting 
with different materials, and after the elapse of different periods of time : 


The soln. of magnesium carbonate m carDomc 



Fio. 28. — Pressure of Carbon Dioxide over 
Magnesium Hydroxide. 


Time In hra. 

016 
100 
1-30 
9 00 


Magnesium oxide. 

Trihydrated normal 
carbonate. 

Hydrocarbonate. 

3*6 

4-3 

1'26 

0-4 

6-4 

2-60 

6-4 

6-4 

3-76 

6-4 

6-4 

6-00 


Before the importance of this was recognized, the results were very discordant , 
thus, a litre of water sat. with carbon dioxide was found by J. R. von Wagner, and 
G. Merkel to dissolve 1*31 grms. of magnesium carbonate ; H. Beckurts, 8*39 grcM. ; 
and A. Bineau, 23*3 grms. R. Engel and J. Ville give for the solubility of magnesium 
carbonate, in grams per litre, in water at 19*5®, sat. with carbon dioxide at various 
press, expressed in atm. : 

COu , . 1 2 1 3-2 4-7 6-6 6*2 7-6 90 atm. 

MgCOj . . 26 79 33 11 37 30 43-60 46-20 48 60 61 20 66 69 

They also gave for the solubility of magnesium carbonate in water sat. with carbon 
dioxide at various temp, at a press, of one atm., when the results are expressed m 
grams per litre : 

13-4® 19-5“ 29-3® 46*0® 62-0® 700® 820® 90® 100® 

MgCOg . . 28-46 26-79 21-95 16-7 10-36 8 1 4 9 2 4 0-0 

T. Schlosing represented the solubility of magnesium carbonate in water at different 
press, p of carbon dioxide, by the empirical formula p0*3®2=0‘0398y, where y denotes 
the amount of magnesium hydrocarbonate in the soln. expressed in grams per litre. 
R. Engel obtained good results with the empirical formula pO*333=o*814y, i.e. with 
w=xr934-^p, or, at a definite temp., the quantity of magnesium carbonate dissolved * 
by water with carbon dioxide in soln., is proportional to the cube root of the press, 
of the carbon dioxide. , , 

G. Bodlander attempted to obtain a formula of the same form as that employe! 
to represent the solubility of calcium carbonate in water wntaining carbon dioxide, 
but he found it necessary to assume the presence of ions in soln. of the fom 
{ (%C 03 )n.MgOH}*. F. P, Treadwell and M. Reuter have also shown that, at the 
lower cone., there is less carbon dioxide in soln. than corresponds with the formula 
Mg(HC 03 ) 2 , a conclusion which was confirmed by R. Rinne. ^ 

J. Johnston, the results of F. P. Treadwell and M. Reuter, and of J. W. Leather 
and J. N. ^n on the ternary system, MgCOs— H 2 CQ 8 — H 2 O, and the quate^mary 
system, CaCOs-MgCOa-HgCOa-HaO, are vitiated by defective analyses or by the 




362 


INORGANIC AND THEORETICAL CHEMISTRY 


uncertainty whether equilibrium was really attained. J. Johnston calculated the 
solubility product, at 18°, to be [Mg"][COs"]— 1*2x10“'^ or else [Mg”][OH']* 
=l*2xl0-ii. 


According to J. Johnston, (1), [Mg“][COa''J=slC ; (2), [HjCO,l=fc'[COj]=c'p, where p 
is the partial press, of the carbon dioxide ; (3), [H'JPHCOa']— fc,[H,COa] ; (4), [H’][COa''] 
s=fci[HC 03 '] ; (6), [H|COa]=5nifc[COj]=ncp, where c=a/22‘4, and n, from the work of 
J. Walker and W. Cormack on the proportion of the total carbon dioxide in soln. existing as 
H,COa, is greater than 0-6. By dividing (3) by (4), it follows (6), [HCOa'JVlCOa'^JfHaCOa] 
=kilki—r ; and when combined with (6), there remains (7), [HC03']’/[C0i"]cp=nr. Con* 
sequently, (8), [Mg”][HC08']*=nf^cp, or nrA:=[Mg"]tHCOa']»/cp ; (9), [0H'1/[HC08'] 
^Kwlnkjcp, where Ku is the constant for water ; (10), [OJi']*l[COi"]=Ku>*lnriK^cp. At 
18®, for partial press, ranging from 0'0002 to 0*0005 atm., J. Johnston calculate from 
R. Engel’s measurements (7), nrcp=22Q-&p ; (8), nriiCcp=2*756xlO"*p ; (9), KuijnkyCp 
«4*012xl0-’p; (10), Ka,Vwfcifc2cp=3*694xlO-iV; and either (11), [Mg“][C08"]=l!: 
= 1*2x10-*; or (12), [Mg"][OH']»=l*2 x 10"“ By combining (1) and (10), or (8) and (9), 
it follows that at 18° [Mg**][OH']*=4‘433xlO-**/p> ^ value which exceeds (12) when p is 
less than 0*000369. 


When p<0*(X)0369, at 18°, the solid phase is not MgC 03 . 3 H 20 , but Mg(0H)2. 
At the transition press. 0‘000369, both solid phases are in equilibrium. If the press, 
of the carbon dioxide is kept constant at p atm., and water be evaporated from the 
soln. so slowly at 18° that equilibrium conditions are continuously maintained, the 
following amounts of magnesium hydroxide, or trihydrated carbonate, will be 
obtained (grams per litre) ; 


p . . .0 0*00030 0*00030 0*00036 0*00040 0*00046 0*00060 atm. 

Total [Mg] . 0*00016 0 01934 0*02486 0*02742 0*02868 0*02924 0*02976 mols 

Grms. . . 0*0087 1*13 1*46 1*60 3*97 4*06 4*12 

Mg(OH), MgCOa^SHaO 

The transition press, increases rapidly with temp, because K,„^lnkik 2 increases 
rapidly whilst K/c varies but little ; the increase cannot be calculated because the 
rate of change of k 2 with temp, is not known. 

It follows, adds J. Johnston, that the ordinary methods of preparing magnesium 
carbonate (in which, it is safe to say, a state of equilibrium is not attained continuously) 
will yield a product contaminated with hydroxide, the amount of which will depend upon 
the mode of working generally, and upon the prevailing partial press, of CO a over the liquid 
in particular ; moreover, that this contamination can be avoided completely by working 
with a partial press, p greater than a certain limit. 


J. Johnston continues : In soln. sat. with both calcium and magnesium car- 
bonates, the ratio of the cone, of Mg” and Ca” must have a definite value ; thus, 
at 16° 

[Mg-] _[Mg"ICO,"]_^_ 1-4 XW-* ,, ^ 

[Ca*^ ] [Ca-'ICOs"] " Kc~ ix 10-8 

Hence, if a soln. of the two carbonates in carbonic acid is evaporated, or if the partial 
press, of the carbon dioxide be gradually reduced, at 16°, calcium carbonate will 
be precipitated so long as the above ratio is less than 14,0()0, as would normally be 
the case in natural waters when the press, of the carbon dioxide is sufficient to 
prevent the precipitation of magnesium hydroxide. The order of precipitation will 
be reversed if the relative cone, of the magnesium ions be greater than 14,0(W, as 
could be the case when a soluble magnesium salt is present. These deductions are 
valid when CaCOs and MgC08,3H20 are the only solid phases which separate ; 
if a solid soln. of the two be formed at certain cone., these deductions would have to 
be modified accordingly. If the partial press, of carbon dioxide is such that 
magnesium hydroxide may precipitate, it follows that : 


[Mg-] [Mg’ IOHI^ 
[Ca"]"“[Ca-][0H']2‘ 


r2 xio~^^j ? jq7 

■3*43x10-19 


a ratio which decreases steadily as p is reduced. Hence calcium carbonate precipi- 
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tated from a soln. containing magnesium may be very readily contaminated with 
appreciable proportions of magnesium hydroxide, which would be removed only 
slowly by repeated re-precipitations. J. C. Hostetter, for example, has emphasized 
how difficult it is to get calcium carbonate free from magnesia. This difficulty may 
be obviated very easily, namely, by conducting the operations in such a way that the 
liquid is always sat. with CO 2 at a press, above a certain limiting value ; this limit, 
which increases with the temp., cannot at present be specified very accurately, but 
is in all probability not greater than 1 atm. for any conditions likely to be encountered 
in actual practice. 

According to C. L. .Berthollet, the solm of magnesium carbonate has a bitter 
taste, and an alkaline reaction, and C. H. Pfaff, A. M. Pleischl, and C. L. Berthollet 
stated that the alkalinity towards vegetable colouring matters — tincture of logwood, 
tumeric, red litmus, etc. — is maintained even when a great excess of carbon dioxide is 
in soln., but, according to the last-named, the soln. gives a green colour with tincture 
of violets, and he also stated that the soln. becomes turbid when heated to 75°, but 
recovers its transparency on cooling. According to J. J. Berzelius, and J. Fritzsche, 
when the soln. is heated to 50°, or, according to E. Soubeiran, when evaporated in 
vacuo, trihydrated normal carbonate, MgC08.3H20, is deposited. According to 
W. Weldon, and E. Bohlig, when sodium chloride is added to a sat. soln. of magnesium 
carbonate and carbon dioxide, sodium hydrocarbonate is precipitated, and mag- 
nesium chloride remains in soln. 

Magnesite is not quickly attacked by cold hydrochloric acid or sulphuric acid, but 
it dissolves readily in the warm acids. According to K. Haushofer, and A. Vester- 
berg, compact magnesite is more quickly dissolved by acetic acid than crystallized 
magnesite ; and the solubility of crystallized magnesite decreases with increasing 
cone, of the acid. A. Vesterberg, and T. S. Hunt found that magnesite dissolves 
more slowly than dolomite in acetic acid ; K. Haushofer came to the opposite con- 
clusion. F. W. Pfaff found that powdered magnesite is very slightly soluble in a 
soln. of hydrogen sulphide in water ; and its solubility in an aq. soln. of ammonium 
sulphide is small. L. Naudin and F. de Montholon have studied the action of 
hydrogen sulphide on magnesite suspended in water. J. A. Hedvall and J. Heu- 
berger found the reaction temp, and the thermal value of the reaction between 
magnesium carbonate and calcium oxide to be respectively 300° and 2 ’5 Cals. ; with 
strontium oxide, 240° and 11 ’5 Cals. ; and with barium oxide, 230° and 19 Cals. 
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§ 17. The Basic Magnesium Carbonates— Magnesium Ozyearbonates 

A considerable number of distinct basic magnesium carbonates have been 
reported : 

Representing the proportions of MgO : COj : H,0 by numerals in that order, J. Fritzsche ' 
prepared the (1), 3:2: 3-carbonate ; also the (2), 4:3: 4-carbonate ; H, Rose the (3), 
4:3: 7*carbonate ; J. J. Berzelius, the (4), 4:3: 8-carbonate ; J. Fritzsche and H. Rose, 
the (6), 6:4: 6-carbonate ; H. Rose, the (6), 6:4: 6-, (7), 6:4:7-, (8), 6 : 4 : 8-, and 
(9), 6:4: 9-carbonates ; H. Rose, and V. A. Jacquelain (10), 6:4; 10-carbonate ; H. Rose 
(11). 6:4:11-, and (12), 6 : 4 : 12-carbonate ; G. Kittel (13), 5 : 4 : 16-carbonate ; 
H. Beckurts (14), 7:6:9; H. Rose (16), 6:4: 6-carbonate, and V. A. .Jacquelain (16), 
6:6; 14-carbonate. There are also the native basic carbonates 2:1:3; 2:1:4; 4:3:3; 
and 4:3:4; and the anhydrous basic carbonates. With MgO : CO 2 , viz. 10 : 9 ; 9:8; 
8:7; 7:6; 6:6; 6:4; and 9 : 7-carbonate8. 

This confusing variety of the basic magnesium carbonates is usually regarded as a 
consequence of the more or less incomplete hydrolysis of the normal carbonate ; 
and this view can be traced back to H. Rose’s work in 1851-2, Ueber den Einjluss des 
Wassers bei chemischen Zersetzungen, whereby it was shown that water acting as a 
weak acid is able to decompose more or less completely the salts of the weak’ carbonic 
acid. Indeed, said M. Rolofl, 

Die Zusammensetzung des Qemisohes ist dabei von den zufailigen Nebenumstanden 
abhangig; die bestimmte Forme! einos basischen Karbonates aufzustellen ist daher von 
vornherein aussichtslos. 

The magnesia alba of pharmacy is a basic carbonate of very indefinite 
oomposition ; it is obtained by precipitating soln. of the sulphate, chloride, or 
nitrate with alkali carbonate. A soln. of magnesium sulphate may be employed, 
also many mineral waters, salt springs, or the mother liquor of sea-water. If these 
liquids likewise contain calcium salts these must be first removed by adding an 
alkali sulphate to the liquid. E. Durand, and E. Schmidt have described the 
^reparation of magnesia alba in detail. W. Esch made it by the action of ammonia 
md carbon dioxide on a paste made of water and calcined magnesia. F. Oswald 
iescribed the preparation from the mineral waters at Bilin ; H. Endemann from 
)he residue remaining after the calcination of magnesite for its carbon dioxide. 
For the preparation from dolomite, vide su^^a. 

The light white powder obtained by mixing soln. of 10 parts of magnesium sul- 
phate and 12 parts of sodium carbonate crystals, each dissolved in 80 parts of water ; 
boiling for 15 mins. ; washing ; draining and drying, is the so-called ligM 
magnesium carbonate, or the magnmi carbonas levis of the pharmacopoeia. Under 
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the microscope it consists of amo^hous granules and slender prismatic crystals. 
In the preceding operations, if 20 instead of 80 parts of water be employed ; the 
mixture evaporated to dryness ; the residue washed until all the soluble sulphate 
is removed ; and dried, the resulting white granular powder is the heavy magnesium 
carbonate, or the magnesii carbonas ponderosus of the pharmacopoeia. Both products 
are basic carbonates. W. C. Anderson’s analyses of commercial samples of heavy 
carbonate correspond with 41 : 20 : 83, or approximately MgC 03 .Mg( 0 H) 2 . 3 H 20 ; 
of the light carbonate, 39 : 19 : 85, or approximately Mg^ 08 .Mg( 0 H) 2 . 3 iH 20 ; and 
of the so'Called crystal carbonate, 24 : 14 : 85, or approximately 3 MgC 03 . 2 Mg( 0 H) 2 . 
I 6 H 2 O. 

The mineral hydromagnesUe, analyzed by T. Wachtmeister, F. von Kobell, J. L. Smith 
and Q. J. Brush, Q. C. Hoffmann, and G. Tschermak, is a basic magnesium carbonate with 
a composition 4:3:4, or 3 MgC 03 .Mg( 0 H),. 3 H, 0 — a kind of native fnagnesia cUha. 
J. D. Dana considered the crystals belonged to the monoclinic system, with axial ratios 
o : 6 : c=r0379 : 1 ; 0-4662, and j3~90®. E. Weinschenk and P. Qroth also place the 
crystals in the monoclinic system, but G. Tschermak and L. Brugnatelli favour the rhombic 
system. J. L. Smith and G. J. Brush found the sp. gr. of a sample from Texas to be . 
2-146-2*180 ; E. Weinschenk found with a sample from Lancaster, 2-32 ; and L. Brugnatelli 
found with a sample from Aostatal, 2*196-2-210. The latter also gave the index of re* 
fraction /x^> 1*630, and /i*^> 1*638. The hardness on Mohs’ scale is 31. G. A. Young has 
reported on the large deposits of hydromagnesite near Atlin, British Columbia, where it 
occurs as a white soft mineral which falls to powder on drying. The so-called lanccuterite of 
B. Silliman is considered by J. L. Smith and G. J. Brush to be a mixture of brucite and 
hydromagnesite. The amorphous mineral giorgioaite found by A. Lacroix at Vesuvius 
is a 4 : 3 : 3-carbonate, or 3 MgC 03 .Mg( 0 H)|. 2 H, 0 . The mineral hydrogiobertite found by 

E. Scacchi near Pollena (Vesuvius) has a composition corresponding with 2:1; 3-carbonate, 
or MgC 03 .Mg( 0 H)|. 2 H 30 . Its sp. gr. is 2*149 to 2*174 ; L. Brugnatelli’s optical study of 
this mineral inclines him to the opinion that it is a mixture of at least two other minerals. 

F. Zambonini identified hydrogiobertite with hydromagnesite. L. Brugnatelli found 
monoclinic prismatic crystals of the Italian mineral artinite — named after E. Artini, at 
Val Brutta, Val Malenco, and Val Lantema. Analyses correspond with the 2:1:3* 
carbonate, or 2 MgC 03 .Mg( 0 H) 3 . 3 H ,0 ; its sp. gr. is 2*028 at 21*6^ and 2*013 at 22^ ; and 
its hardness is about 2^. 

J. J. Berzelius showed that the composition of vmgnesia alba is influenced (i) by 
the relative quantity of the precipitant — if an excess of the alkali carbonate is used, 
the precipitate is more dense than when the magnesium salt is in excess ; (ii) by 
the concentration of the solutions — the more cone, the two soln., the denser the pre- 
cipitate, and the more normal carbonate does it contain ; and (iii) on the temperature 
— the precipitate formed in the cold is lighter than when the soln. are warm, and the 
utmost degree of lightness is obtained by allowing the precipitate to freeze while 
still moist. J. J. Berzelius continued : the precipitate formed in the cold approaches 
more nearly to the composition of the normal salt than that formed in hot soln. ; 
at the same time, a quantity of magnesia remains in soln., because the normal salt 
is hydrolyzed by water into an insoluble basic salt, and a soluble acid salt. When 
heated, carbon dioxide is given off by the soln., and the greater part of the magnesia 
is precipitated from the soln., and the precipitate becomes more basic owing to the 
escape of carbon dioxide. The composition of the precipitate also depends on 
(iv) the time the precipitate is in contact with the mother liquid, J. J. Berzelius showed 
that when boiled for a long time, the precipitate has the composition MgO : CO 2 : H 2 O 
=4:3:4. According to J, Fritzsche, if moderately boiled, the precipitate is con- 
verted into the 5 : 4 : 4 -carbonate, but if long boiled, it becomes mixed with a 
constantly increasing proportion of the 4:3:4 and the 3:2: 3-carbonates. In 
general, it may be said that every alteration in the conditions of preparation of 
ma^nfisia alba tends to modify the composition of the product. W. A. Davis found 
traces of alkali in the soln. caused “ a wide variation in the results.” 

Analyses of magnesia alba have been made by J. Fritzsche, J. J. Berzelius, 
H. Rose, 0. Brill, K. Kraut, H. Beckurts, B. A. Norgaard, W. C. Anderson, eto^ 
ftnd many of the results have been represented by chemical formulss and assumed 
to be definite compounds without the application of any criterion as to whether 
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mixtures or individualB are in question. J. J. Berzelius favoured the formula 
4:3:4; but J. Fritzsche and R. Rinne showed that while the original precipitate 
approaches 5:4:6 in composition, this by the prolonged action of boiling water 
approaches 4:3:4, and afterwards 3:2:3. G. Rose observed that the product 
obtained by evaporating the acid carbonate on a water-bath includes spherules of 
magnesia alba with crystals of the normal salt resembling aragonite. E. A. Norgaard 
failed to obtain a definite crystalline basic carbonate. L. Joulin argued that 
magnesia alba is a mixture of magnesium hydroxide and carbonate in proportions 
dependent on the cone., temp., and the relative proportions of the reacting salts. As 
previously indicated, W. A. Davis has shown that trihydrated magnesium carbonate, 
MgC 03 . 3 H 20 , may be regarded as dihydrated magnesium hydroxyhydrocarbonate, 
Mg(HC 03 ) 0 H. 2 H 20 , which is produced by the hydrolysis of a soln. of magnesium 
hydrocarbonate. The dihydrate is readily converted into anhydrous magnesium 
hydroxyhydrocarbonate, Mg(HC 03 ) 0 H, as indicated in connection with tri- 
hydrated magnesium carbonate, where the preparation and properties of the hydroxy- 
carbonates are therefore discussed. When the dihydrated hydroxycarbonate is sus- 
pended in boiling water, it slowly decomposes into magnesium hydroxide. The solid 
at any intermediate stage has a composition ranging between Mg(HC 03 ) 0 H. 2 H 20 
and Mg(OH) 2 , and the mixed character of the product is evident from a micro- 
scopic examination of the mass. Excluding the hydroxycarbonate and its hydrate, 
W. A. Davis shows good reasons for believing that all the varieties of basic magnesium 
carbonate, magnesia alba, light, heavy, and crystal magnesium carbonates are 
not definite salts, but mixtures of the anhydrous and dihydrated magnesium 
hydroxycarbonates and hydroxide in varying proportions. 

Hydromagnesite, and magnesia alba, decompose at a lower temp, than magnesite 
{q,v .) ; the latter decomposes into magnesium oxide and carbon dioxide at 300°. 
According to P. Kremers, a litre of water at 15° dissolves 0T97 part of magnesia 
alba ; and, according to A. Bineau, 0*10 part in cold or boiling water. According 
to A. M. Pleischl, the aq. soln. has an alkaline reaction. S. Merkel found that with a 
soln. of carbon dioxide in a litre of water and at different press. : 

Press, of COj .1 2 4 6 6 atm. 

MgO dissolved . I’SU 1*344 7*46 9 09 13 1 grms. 

so that the solubility increases with increasing press, of carbon dioxide when the temp, 
is constant. G. C. Wittstein found the solubility in water is much raised in the 
presence of ammonium nitrate, and, according to A. Vogel, in the presence of 
ammonium chloride. Magnesia alba does not dissolve so quickly after it has been 
heated to 100° ; according to A. Vogel, the sat. soln. does not become turbid on 
exposure to air or by boiling ; but it is precipitated by potassium hydroxide. 
Magnesia alba is readily soluble in acids. According to T. S. Hunt, magnesia alba 
precipitates calcium carbonate from its soln. in carbonated waters ; and G. Bauck 
found that when magnesia alba is boiled with a dil. soln. of calcium chloride the 
precipitate contains CaCOs : Mg(OH )2 in the mol. proportion 3:1. According to 
C. A. Gossmann, if carbon dioxide be passed into a soln. of sodium chloride containing 
calcium sulphate and magnesia alba, magnesium chloride, sodiuni sulphate, and 
calcium carbonate arc formed. E. Fleischer digested eq. quantities of magnesia 
alba, calcium sulphate, and a soln. of sodium chloride (1 : 6) for an hour at 80°, 
and found 30 per cent, of the calcium sulphate was transformed into carbonate ; 
the change is less complete if the salt soln. be more dil, if some magnesium sulphate 
be present, and if the mixture be kept cold. 
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§ 18. Complex or Double Salts with Magnesium Carbonate 

According to J. J. Berzelius, i an aq. soln. of magnesium nitrate or chloride, 
when mixed with an excess of sodium hydrocarbonate, furnishes crystals similar to 
those obtained when potassimn hydroearbonatc is used as precipitant, and pre- 
sumably misled by analogy, he assumed the crystals to be sodium magnesium hydro- 
carbonate, MgCO3.NaHCO8.4H2O. He added that the crystals are not so readily 
decomposed by water as the potassium magnesium hydrocarhonate, MgCOs.KHCOs. 
4H2O. H. St. C. Deville, J. Fritzsche, H. Rose, E. A. Norgaard, and G. von Knorre 
did not succeed in verifying Berzelius’ assumed sodium salt ; nor did they obtain 
the tetrahydrate, Na2CO3.MgCO8.4H2O. G. Mosander treated a warm soln. of a 
magnesium salt with an excess of sodium carbonate, and obtained a granular pre- 
cipitate containing about 21 per cent, of sodium carbonate, and 79 per cent, of 
magnesium carbonate. The solid dissolved in water as a whole without separating 
the sodium salt, but, added J. J. Berzelius, if the compound be decomposed by 
ignition, the sodium salt may be leached out. The alkali magnesium carbonates 
are decomposed by water. K. Kippenberger mixed freshly precipitated magnesium 
carbonate with a soln. of sodium or potassium hydrocarbonate at ordinary temp., 
and found much magnesium carbonate dissolves, and crystallizes from the filtered 
soln. in about 24 hrs. The crystals approximate MgC03.3H20. It is assumed that 
an alkali magnesium double carbonate is formed and afterwards decomposed. 

G. BoUmann prepared what were regarded as hexagonal plates of lithium 
magnesium tricarbonate, 2Li2C03.MgC03, by dropping 4*6 c.c. of a 10 per cent, 
soln. of magnesium chloride into 100 c.c. of a sat. soln. of lithium carbonate. After 
the mixture has stood 4-6 weeks, the turbid soln, is clear, the hydrated magnesium 
carbonate has disappeared, and six-sided plates of this double salt appear. The 
crystals are but slowly decomposed by water. The crystals are hard enough to 
scratch glass. 

H. St. C. Deville digested magnesia alba with an aq. soln. of sodium hydro- 

carbonate at 60 °- 70 °, and obtained anhydrous sodium magnesium carbonate, 
Na2Mg(C03)2 ; G. von Knorre obtained the same salt by digesting trihydrated 
magnesium carbonate with an aq. soln. of sodium sesquicarbonate for 24 hrs. 
between filtering the warm mixture, and washing well the solid. A. de 
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Bchulten prepared the same compound by heating on a water-bath for 4-^ hra. a 
jnizture of soln. of 100 grms. of anhyorous sodium carbonate in 400 grms. of 
water, and 20 grms. of magnesium nitrate in 50 grms. of water, rhombohedral or 
tetragonal crystals are formed which, he said, were uniaxial, and had a sp. gr. of 
2'729 at 15° — G. von Knorre stated that his crystals were doubly refracting, 
and probably belonged to the tetragonal system. Both A. de Schulten and G. von 
Knorre agreed that the double salt is very slowly decomposed by cold water ; and 
even at 100° the speed of decomposition is not fast. According to H. St. 0. Deville, 
carbon dioxide and traces of water are lost when the crystals are ignited and the 
double salt is therefore assumed to be anhydrous. E. A. Norgaard obtained the 
pentadecahydrated sodium magnesium carbonate, Na^G0s.MgC03.15H20, in 
rhombic prismatic crystals, by cooling to a low temp, a soln. of magnesium sulphate 
made just turbid with sodium carbonate. The crystals are decomposed by water, 
and should be washed with the clear mother liquid and then pressed. Magnesia 
alba is formed when the crystals are boiled with water. Attempts made by 
H. St. C. Deville, E. A. Norgaard, J. Fritzsche, H. Rose, V. A. Jacquelain, G. Kittel, 
K. Kippenberger, G. von Knorre, and G. BoUmann furnished a basic magnesium 
carbonate. 

Crystals corresponding with sodium magnesium chlorocarbonate, NaCl.Na^COs. 
MgCOa, were found by G. W. Leighton on the inside of an iron boiler in which the 
vapour of ammonium carbonate was passed through a lye containing sodium and 
magnesium chlorides ; C. Winkler found them on the inside of the cooling apparatus 
of the Solvay soda process ; and J. H. Pratt found them native at Borax Lake, San 
Bernadino County, Cal., and called the mineral northupite. A. de Schulten obtained 
the salt by heating a mixture of soln. of 15 grms. of magnesium chloride in 50 c.o, 
of water, and of 20 grms. anhydrous sodium carbonate and 150 of sodium chloride 
in 600 c.c, of water. The flocculent precipitate gradually forms regular octahedral 
crystals which are washed with the mother liquid, and dried at 100°. The crystals 
belong to the cubic system. C. Winkler represented the salt by the formula 
NaglMgCl) ( 003 ) 2 , S. L. Penfield and G. L. Jamieson, by 

NaO., ^ .0-C(0Na),~0. p .ONa 
Cl.Mg.0'^^^0-C(0Na),~0'^'"^0.Mg.Cl 

A. de Schulten gives 2 ’377 for the sp. gr. of the artificial crystals at 15° ; and 
J. H. Pratt, 2’3^ for northupite. The hardness of the mineral is 4. The crystals 
melt at a red heat, forming an enamel-like mass from which water extracts sodium 
carbonate and chloride, leaving magnesium oxide as a residue. J. H. Pratt gives 
1*5117 for the index of refraction in Li-light ; 1*5144 in Na-light ; and 1*5180 in 
Tl-light. The crystals are stable in air, but slowly decomposed by cold or hot 
water. • 

The sodium and potassium magnesium carbonates are fundamentally different, 
so that H. St. C. Deville was led to say : 

Dans aucun cas la soude et la potasse, dont les analogies sont si intimes, ne se apparent 
d’une mani^re plus complete que lorsqu’elles sont mises dans les conditions n^cessaires 
pour former les mhmea carbonates double m^talliques. 

The double carbonates with rubidium, caesium, and thallium show more analogies. 
P. A. von Bonsdorfi, and H. Rose treated a warm sobi. of a magnesium salt with an 
excess of potassium carbonate, and obtained a precipitate which is slightly soluble 
in water, and separates from its soln. as a crystalline powder. If the soln. are 
mixed at the b.p., magnesium carbonate is alone precipitated. J. J. Berzelius 
prepared crystals of what were probably tetrahydrated potassfum ma^esiam 
cazbonatd, K2Mg(C08)2.4H20, by treating a cold aq. soln. of magnesium nitrate or 
chloride with an excess of potassium sesquicarbonate, and allowing the mixture to 
stand for a few days. H. St. C. Deville made small rhombic prisms of the same salt 
by digesting magnesia alba with an aq. soln. of potassium hydrocarbonate for 12 to 
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15 hrs. at 60° to 70° ; G. von Knorre prepared crystals of the salt by digesting 9 grms. 
of trihydrated magnesium carbonate and 50 grms. of potassium hydrocarbonate, 
with 50 c.c. of water for 21 hrs. at 60° to 70°, and by digesting 20 grms. of hexa- 
hydrated magnesium chloride and 40 grms. of potassium carbonate for two days at 
ordinary temp. If magnesium sulphate be used the precipitate is contaminated 
with sulphates. H. St. C. Deville found that the crystals are decomposed by cold 
water ; and he gives for the axial ratios of the rhombic crystals a\h\ c=0*7563 : 1 : 
0-6068. 

J. J. Berzelius found that if an excess of potassium hydrocarbonate be 
added to a cold aq.. soln. of magnesium chloride or nitrate, large crystals of 
telxahydrated potassium magnesium hydrocarbonate, KHMg(C03)2.4H20, or 
Mg(KC03)(HC03).4H20, are formed. In his study of the solubility of magnesium 
carbonate in soln. of potassium hydrocarbonate, F. Auerbach obtained the same salt. 
G. von Knorre made this salt by adding a very cone. soln. of 6 grms. of magnesium 
chloride to 50 c.c. of a soln. with 10 grms. of potassium hydrocarbonate, and 7 grms. 
of the normal carbonate — crystals are formed when the mixture is allowed to stand. 
R. Engel obtained this salt by the action of carbon dioxide on a soln. of potassium 
chloride and trihydrated magnesium carbonate; and the Salzbergwerk Neu- 
Stassfurt has some patents on the subject. 

In R. EngeVa magneaia-potaah process, magnesium carbonate, MgCOs.SHjO, is suspended 
in a sat. soln. of potassium chloride, and the mixture sat. with carbon dioxide. A crystalline 
double salt, MgCO3.KHCO3.4H2O, separates from the soln. : 3(MgC03.3H20) + 2 KCl+C 0 a 
=MgCl2 4-2(ICHC03.MgC03.4H20). When the crystalline mass is treated with water at 
140 ^* under press., carbon dioxide is evolved, magnesium hydroxide is precipitated, and 
potassium carbonate remains in soln. : 2 (KHC 08 .MgC 68 . 4 Ha 0 )=K 2 C 03 + 2 Mg( 0 H)a 

•f 7 H 20 -f' 3 C 02 . Sodium carbonate cannot be formed in the same way since the corre- 
sponding sodium salt, MgCO3.NaHCO8.4H8O, does not precipitate. 

According to J. C. G. de Marignac, the crystals belong to the triclinic system 
and have the axial ratios a : 6 : c=0-4261 : 1 : 0 5945, and the axial angles a=^lir 9', 
^=114° 26', and y=74° 33'. G. von Knorre gives for the sp. gr. 1*984 at 18°. 
J. C. G. de Marignac found the crystals to be stable in air. J. J. Berzelius added 
that the crystals are tasteless at first, but after a few seconds exhibit an alkaline 
flavour. When heated to 100° the crystals become opaque and lose water ; and 
when strongly heated they soften and give off bubbles of carbon dioxide leaving a 
mixture of magnesium oxide and normal potassium carbonate. The crystals are 
soluble in water, but not without decomposition, for a basic magnesium carbonate 
is precipitated and a mixture of potassium hydrocarbonate and niagnesium hydro- 
carbonate passes into soln. J. Fritzsche said that the precipitate is trihydrated 
magnesium carbonate mixed with the pentahydrate, and the proportion of the 
latter increases as the temp, of the water falls. . G. von Knorre said that the salt 
is stable in water sat. with carbon dioxide. 

R. Engel has investigated the conditions under which normal magnesium 
carbonate combines with potassium hydrocarbonate, and finds that for the same 
soln. of potassium hydrocarbonate the velocity of the reaction decreases as the temp, 
rises. If the temp, remains constant, the velocity increases with the initial cone, 
of the potassium soln. Combination ceases when it attains a certain limit, which 
is measured by the cone, of the soln. of the potassium salt remaining in contact with 
excess of magnesium carbonate without combining with it. This limit increases 
with the temp., and its variation is given by the formula y=2*5236-l-0'(X)517i 
-|-0'(X)3108f‘^, where y is the number of c.c. of standard sulphuric acid required to 
neutralize the carbonates remaining in soln. The product of the combination, 
MgC03.KHC03-f4H20, is decomposed by water, and the decomposition tends 
towards a limit which is not identical with the limit of combination, but is always 
inferior to it by a quantity which is practically the same for all temp. P. Duhem 
regards this as an example where la rigion des faux equilihres separates two regions 
corresponding respectively to two reactions which are the inverse of one another. 

VOL. IV. 2 B 
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The teftction was also investigated by E. H. Biichner, and he considers that R. Engers 
^steins were not in equilibrium, nor could M. Nanty confirm the existence of two 
distinct limits in the formation and decomposition of the system: EHCO3 
-fMgC03.3H20-f H20^MgC08.KHC08.4H20,' at 20 °~ 30 ° ; since he found at the 
same temp, and press., the two reactions converge towards a common limit. 

F. Auerbach studied the conditions of stability as indicated in connection with the 
solubility of magnesium carbonate in soln. of potassium hydrocarbonate. - 

H. Erdmann and P. Kothner prepared teiiabydiated rubidium magnesium 
hydrocarbonate, MgRbH(C03)2.4H20, by heating on a water-bath at 60 ° in a 
current of carbon dioxide, a soln. of rubidium hydrocarbonate, and magnesium 
carbonate. The salt is very efflorescent. G. Bollmann prepared the same salt, 
and he also obtained microscopic rhombic plates of tetrahydrated rubidium 
magnesium carbonate, MgCO8.Rb2CO8.4H2O, mixed with trihydrated magnesium 
carbonate, MgC03.3H20, by adding rubidium carbonate to a well-cooled soln. of 
magnesium chloride. He likewise obtained tetrahydrated cmsium magnesium 
carbonate, MgCO3.C82CO3.4H2O. Both salts are readily decomposed by water. 

G. Bollmann also speaks of a possible copper magnesium carbonate. 

According to A. F. de Fourcroy,* the addition of even a large excess of aq. 
ammonia to a soln. of a magnesium salt never precipitates i;^ore than half the 
magnesia present ; and, according to N. J. B. G. Guibourt, one_ part of ammonium 
sesquicarbonatc precipitates half the magnesium as carbonate from a soln. of two 
parts of magnesium sulphate ; and two parts of ammonium sesquicarbonate pre- 
cipitate all the magnesium as tetrahydrated ammonium magnesium carbonate, 
(NH4)2C03.MgC03.4H20. F. Schaffgotsch said the precipitate is at first flocculent, 
but later becomes crystalline. When a mixture of cold aq. soln. of magnesium 
sulphate or chloride and ammonium sesquichloride is allowed to stand for several 
hours, A. F. de Fourcroy and C. F. Bucholz observed that crystals of the double 
salt are formed. G. C. Wittstein also found a soln. of magnesia in an aq. soln. of 
ammonium sesquicarbonate furnishes a crop of crystals of the double salt in a short 
time. P. A. Favre observed similar results on shaking magnesia alba with an aq. 
soln*. of ammonium carbonate, and allowing the filtered soln. to crystallize. Accord- 
ing to F. Schaffgotsch, soln. of ammonium carbonate, with or without free ammonia, 
furnish the double salt on being treated with a magnesium compound ; and 
E, Divers added that if a soln. with one mol of magnesium sulphate be treated with 
less than four mols of ammonium carbonate, magnesium carbonate first precipitates, 
and the double salt is afterwards deposited : if the soln. contains two mols of 
ammonium chloride for every mol of magnesium sulphate, no magnesium carbonate 
is precipitated. If the ammonium carbonate is added slowly, the double salt is 
formed, and all the magnesium is precipitated as the double salt when four mols 
of ammonium carbonate have been added ; if a larger proportion of ammonium 
chloride is present, more ammonium carbonate is required for the complete pre- 
cipitation of the magnesium. R. Weber and F. Schaffgotsch studied the occlusion 
of salts by the precipitated ammonium magnesium carbonate ; they find potassium 
salts are occluded so tenaciously as not to be removed by washmg— sodium salts 
are not so occluded. According to J. W. Dobereiner, the crystals form translucent 
rhombohedrons. N. J. B. G. Guibourt observed that the damp crystals give off 
ammonia when exposed to air, but not if the crystals have been well dried over 
calcium chloride. E. Divers found that the dry distillation of the double salt gives 
a liquid which deposits crystals of ammonium sesquicarbonate, (NH4)4H2(C08)3.H20, 
and a sublimate of the same salt. The ignition of the salt yields magnesium oxide. 
According to C. F. Bucholz, the crystals are decomposed by water ; and P. A. Favre, 
N J. B. G. Guibourt, and E. Divers found that with cold water, magnesium car- 
bonate is formed, and with hot water, magnesia alba. According to E. Divers, the 
double salt is sparingly soluble in an aq. soln. of ammonium carbonate, and very 
soluble in an aq. soln. of ammonium chloride. If a magnesium salt be treated 
with a large excess of ammonium hydrocarbonate, H. St. C. Deville obtained 



MAGNESIUM 


371 


tetrahydrated magiHwhun ammoniiiiii hsrdiocarbonate, Mg(NH4C03)(HC0s).4H20, 
as a crystalline powder which forms normal ammonium magnesium carbonate hj 
the loss of ammonia and water. A higher hydrate, Mg(NH4C03)(HC03).6jH20, is 
produced by working at a low temp, R. Engel could not make this salt, but 
G. von Knorre succeeded in doing so. 

The term dolomite is employed somewhat loosely for limestones containing 
notable quantities of magnesium carbonate ; and it is also employed in a more 
specific sense for the double oaldom magnesiuiii carbonate, CaMg(C03)2, which 
occurs as a crystallized mineral and as a massive rock, and in which the ratio 
CaO : MgO is as 1 : 1 .* H. B. Saussure^ first named the mineral dolomie after 
D. Dolomieu, who observed many of the peculiar properties of what he called 
pierres calcairea tr^-peu effervescerdea avec lea acides ; R. Kirwan called it dolomite. 
Normal dolomite has also been called dolomite apar, hitter apar, or hitter aalt apar. 
In some cases part of the magnesium has been replaced by iron to furnish ferruginoua 
dolomite 8 f which, when coloured brown, are called hrown apar, and, when coloured 
a pale brown, pearl apar ; while varieties approximating to 2CaC03.MgC08.FeC08 
are called ankerite, after M. Anker of Styria, Varieties of dolomite of minor im- 
portance have been named after particular localities — e.g. miemiie from Miemo 
(Tuscany), iharardite from Tharand (Dresden), and gurhofite from Gurhof (Austria). 
The latter was analyzed by A. Baumgarten and J. R. von Holger in 1837 , and was 
shown by H. von Foullon to be most probably a mixture. L. Blum found what 
he regarded as 2 MgC 03 .CaC 08 in an iron mine in Lothringen, and he regarded it 
as a new mineral species, leashergite; but W. Bruhns showed that lessbergite is 
probably a mixture. Several more or less ephemeral names have been used for 
varieties of dolomite — conite, hroaaite, tavtodine, etc. What appears to have been 
a kind of ankerite was analyzed by P. Woulfe in 1779 . Similarly also manganese 
carbonate may replace magnesium carbonate, furnishing manganiferoua dolomites— & 
specimen from Kuttenberg (Bohemia) was named hknohorite by A. Bukowsky. 
A nickeliferoua dolomite from Taraps (Switzerland) has been called taraspite ^hy 
C, von John ; a cohaltiferous dolomite was reported by W. Gibbs from Przibram ; 
and a zinciferous dolomite by K. Monheim from Altenberg. There are also dolomitio 
marbles. The magnesian limestones are presumably mixtures of dolomite and 
calcite, although brucite is sometimes present — e.g. predazzite and pencatite are 
mixtures of calcite and brucite. 

Dolomite, like limestone, is found in large beds covering whole tracts of country 
and mountain ranges, as in the North of England, Tyrol, and many other places. 
Numerous analyses have been made of normal dolomites and dolomites with a low 
proportion of iron ; ^ of ferruginous dolomites, including ankerite and brown 
spar ; and of manganiferous dolomites.® 

formation of dolomite in nature.— In the formation of marine dolomites 
in nature, (i) the mixed carbonates may be directly precipitated in shallow waters, 
by changes of temp., of cone, of atm. carbon dioxide, or by ammonium carbonate 
derived from the decomposition of marine organisms. This hypothesis has been 
advocated by G. I^ube,^ C. W. Gumbel, T. Sheerer, T. 8 . Hunt, etc. (ii) The 
limestone formed by tbe accumulation of the shells or skeletons of marine organisms 
is magnesian. This statement is emphasized by A. G. Hogbom’s analyses of oceanic 
oozes ; and by F. W. Clarke and W. C. Wheeler’s analyses of the inorganic parts of 
marine organisms, etc. The more soluble calcium carbonate may be leached away 
by percolating waters until the dolomitic ratio is approximated. H. Grandjean, 
A. G. Hogbom, J. D. Dana, add others have produced evidence of this action. The 
boring on the atoll of Funafuti, examined by J. W. Judd, showed a marked enrich- 
ment in magnesium carbonate near the surface, owing presumably to the leaching out 
of the lime salts. The coralline rock may also be enriched by the magnesium salts 
contained in sea-water. The precipitation of magnesium carbonate from its soln. 
in sea-water by calcium carbonate has been established by the experiments of 
T. Scheerer and F. Hoppe-Seyler. T. Scheerer noted that powdered chalk 
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iiecipitates magnesim carbonate from a soln. of tbe hydrocarbonate, and car- 
)onated waters can dissolve calcium carbonate out of magnepian limestones. 

Tha synthasis Oi dolomito. — J . C. G. de Marignac obtained dolomite artificially 
by beating calcium carbonate with a soln. of magnesium chloride to 200° under 
15 atm. press. After 2 hrs.’ heating a little of the calcium carbonate was dolomitized, 
but after 6 hrs.’ heating, the product was richer in magnesite than is dolomite itself. 
A. von Morlot heated powdered calcite with a soln. of magnesium sulphate in a 
sealed tube at 200° and found that a mixture of dolomite and gypsum was formed ; 
W. Haidinger pointed out that these two minerals are in frequent association. 
This reaction appears to be reversible because H. C. Sorby obtained efflorescences 
of magnesium sulphate in Permian limestones, and they are not uncommon in 
gypsum quarries. J. Durocher heated fragments of porous limestone with dry 
magnesium chloride to dull redness in a closed gun-barrel so that the vapour of the 
chloride impregnated the carbonate. The limestone was partially changed to 
dolomite. H. St. C. Deville saturated chalk or corals with a soln, of magnesium 
chloride, and heated the mixture on a sand-bath. The lime was partially replaced 
by the magnesia. K. Spangenberg heated vaterite with a soln. of sodium carbonate 
and magnesium chloride at 180°-200° in an autoclave under a press, of 50 atm. of 
carbon dioxide, and obtained dolomite. G. Linck effected the synthesis of dolomite 
by adding calcium chloride to a mixture of soln. of magnesium chloride, magnesium 
sulphate, and ammonium sesquicarbonate, when the amorphous precipitate becomes 
crystalline, with the composition and optical properties of dolomite, when gently 
heated in a scaled tube. W. Meigen failed to verify G. Linck’s result. L. Bourgeois 
and H. Traube obtained dolomite by heating a mixture of magnesium and calcium 
chlorides with potassium cyanate in a sealed tube at 130°. F. W. Pfaff found that 
the products of organic decay— ammonium carbonate and sulphide, hydrogen 
sulphide, etc. — ^probably assist in the dolomitic process ; he found that when a 
current of carbon dioxide is passed tor a long time through a warm soln. of the 
sulphates and chlorides of magnesium and calcium, the slow evaporation of the soln. 
at 20°-25°, yields a residue containing a double carbonate insoluble in dil. hydro- 
chloric acid. It is suggested that these conditions might be approximately paralleled 
in the case of sea- water and thus dolomite might be formed. 

C. J. B. Karsten found magnesium carbonate dissolves slowly in a cone. soln. of 
calcium chloride, and the freshly precipitated -carbonate was found by T. S. Hunt 
to dissolve copiously in that menstruum. According to C. A. Gossmann, the soln. 
decomposes when boiled, forming a precipitate of calcium carbonate and magnesium 
chloride. The spontaneous evaporation of a soln. of calcium and magnesium 
carbonates in carbonated water mixed with calcium chloride was found by 
A. Bineau to give a precipitate of calcium carbonate, and if evaporated by the aid 
of heat, a precipitate of calcium carbonate mixed with a little magnesium carbonate. 
G. Bauck boiled a soln. of equal parts of magnesium and calcium carbonates in 
carbonated water along with some calcium and magnesium chlorides, and found 
the precipitate contained a larger proportion of calcium than magnesium the more 
prolonged the boiling. ^ 'With slow heating very little, and with rapid heating a lot, 
of magnesium salt is precipitated ; when the alkaline liquid is allowed to stand 
some days, the magnesium precipitate is redissolved. According to T. S. Hunt, 
sodium hydrocarbonate precipitates at first almost wholly calcium carbonate from a 
mixed soln. of calcium and magnesium chlorides; and then follows hydrated 
magnesium carbonate. T. S. Hunt precipitated mixtures of calcium and magnesium 
carbonates from hydrocarbonate soln. by alkali carbonates ; when the pasty mass 
formed by precipitation was heated to a temp, exceeding 120°, combination occurred, 
and dolomite was formed. T. Scheerer obtained mixtures but no dolomite when a 
soln. of calcium and magnesium hydrocarbonates is evaporated spontaneously at 
ordinary temp. Temp, is evidently an important factor in the formation of 
dolomite. F. Hoppe-Seyler obtained no dolomite by allowing a soln. of magnesium 
chloride to act on calcium carbonate for many monfcs ; nor by allowing sea-water, 
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sat. with carbon dioxide, to stand in contact with an excess of calcium carbonate, 
for four months in a closed flask ; but when magnesium salts or sea-water were 
heated with calcium carbonate in sealed tubes, dolomite and magnesite were formed. 
Calcium carbonate heated to over 100® with a soln. of magnesium hydrocarbonate 
gave a similar result. 

C. Element tried aragonite, the less stable form of calcium carbonate, in place of . 
calcite, and he found that a cone. soln. of magnesium sulphate at 60® will partially 
transform coral or aragonite into magnesium carbonate under conditions where 
calcite is but slightly attacked ; a mixed soln. of magnesium sulphate and sodium 
chloride at 90® attacked aragonite rapidly, forming a product with 41*5 per cent, of 
magnesium carbonate. Magnesium chloride was not so active as the sulphate. 
Although the product of these reactions, is not dolomite, but rather a mixture of the 
carbonates, he believed that in time mixtures of this kind would combine and 
crystallize into dolomite. He attributed the formation of dolomite to the action of 
sea-water in closed lagoons on the aragonite of coral rock. Pseudomorphs of 
dolomite after calcite have been reported by R. Blum, and others. 

The deposition of crystalline dolomite, and of magnesian travertine, from 
natural waters has been observed, as well as, what might be called, the accidental 
formation of dolomite crystals. Thus, J. Girardin noted that the travertine deposited 
by the mineral spring of St. Allyre (Clermont) is rich in magnesium carbonate, but 
whether present as dolomite has not been ascertained. A. Moitessier found that 
crystals of dolomite were deposited inside a badly closed bottle containing mineral 
water ; and A. Terreil found similar crystals were formed in a sealed tube containing 
water from a hot spring near the Dead Sea. Hence, L. Lartet concluded that the 
dolomites in the region of the Dead Sea were probably formed by the impregnation 
of limestones by magnesian waters. E. von Gorup-Besanez also found luring water 
from the dolomites of the Jura, containing calcium and magnesium carbonates in 
the dolomitic (1 : 1) ratio, to deposit the mixed salts and not the double compound. 
Although in the laboratory, a moderately high temp, is needed for the combination 
of the mixed carbonates to form the double salt, it may be that union between the 
moist particles does actually take place very slowly in the cold and possibly under 
a moderate press. 

The properties of dolomite.— The crystals of dolomite are shown by P. Groth s 
to belong to the trigonal system and to have the axial ratio a : c=l : 0’8322, and 
a— 102® 53'. H. Baumhauer, P. Koller, etc., have studied the corrosion figures. 

G. Tschermak has pointed out that the corrosion figures show that dolomite is not 
hemihedral like calcite, but rather tetartohedral ; and this is in agreement with 
F. Becke’s observations on the twinning of dolomite crystals. In order to explain 
the magnesia in calcites, P. Groth assumed an isomorphism between calcite and 
dolomite, and he regarded the latter as a true double salt ; but F. Becke, au contraire, 
showed that while the crystals of calcite and magnesite belong to the scalenohedral 
class, dolomite crystallizes in the rhombohedral class. The X-radiograms of dolomite 
have been studied by H. Haga and F. M. Jager, F. Rinne, and A. Johnsen. 

The specific gravity of dolomite has been determined on most of the samples 
which have been analyzed — vide supra — and the results range from 2 ’75 to 3 TO. 
Most of these samples were not of a high degree of purity. F. E. Neumann’s value ® 
is 2‘916; F. Ott’s, 2-89; G. Tschermak’s, 2’924 ; E. Madelung and R. Fuchs* 
2'8735 (0°) ; and F. Senft’s 2'85. The best representative value for dolomite is taken 
by J. W. ;^tgers to be 2'872 ; for calcite, 2712; and for magnesite, 3'01 7. The 
mean sp. gr. calculated on the assumption that dolomite is a mechanical mixture is 
2’843, a difierence of 0’029. The contraction which occurs in the formation of 
dolomite is therefore taken by J. W. Retgers to indicate that dolomite is a chemical 
individual, a true double salt. This double salt does not form isomorphous mixtures 
with either calcite or magnesite, but stands isolated in its physical properties outside 
the series of mixtures. The primitive forms of calcite and magnesite are two 
rhombohedra with slightly different angles ; and these angles vary with the temp. 
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•ad elastic actions. Calcium carbonate, howevet, can fom a very small range of 
mixed ciystals with a little magnesium carbbnate, and these crystals are iso- 
mozphous with those of calcite, so that the magnesite here occurs as a labile dimor*^ 
phous modification which does not belong to the same class as calcite. Similarly 
also with respect to the admixture of a little calcite with magnesite, the calcite is 
present as a labile modification isomorphous with magnesite. To summarize, 
it is probable, though not yet established, that dolomite is a double salt ; but there 
is yet no further evidence of the assumed isodimorphism of calcite and magnesite, 
vid two unknown labile phases. The hardness of dolomite on Mohs’ scale is 3‘5 to 
4*0. W. Voigt found the elastic modulus to be 14,600 kgrms. per sq. mm. in the 
direction of the principal axis ; 8330 kgrms. per sq. mm. in a direction perpendicular 
to that axis ; 14,400 and 18,700 kgrms. per sq. mm. respectively in directions 
inclined at angles —21*5° and 4-21*5® to the principal axis. E. Madelung and 
R. Fuchs gave 1'21 X 10”® megabars per sq. cm. for the compressibilily of dolomite. 

According to F. Findeisen lo when dolomite is heated, the magnesium carbonate 
first decomposes, and then the calcium carbonate. G. A. Bole and J. B. Shaw 
obtained similar results. K. Friedrich and L. G. Smith found that different speci- 
mens of dolomite began to decompose at from 730® to 745®, and the heating curves 
showed a maximum thermal change at about 750® or 760®. According to 
J. A. Hedvall and J. Heuberger, if the oxides of the alkaline earths and magnesium 
be arranged in order of increasing basicity, MgP, CaO, SrO, BaO, then the oxide of 
the more basic metal will on heating with the carbonate of the less basic element 
be changed into the carbonate without the evolution of gas and at a temp, well 
below the temp, of dissociation of the carbonate taken. The temp, of the reaction 
decreases and the heat effect increases with increasing difference of basicity, for 
example, MgC034-Ba0=BaC034'Mg04-19 cals, at 230®; SrC 034 -Ba 0 =BaC 03 
4-Sr04-6T4 cals, at 280®. According to H. St. C. Deville, and A. Hauenschild, 
dolomite which has been heated to 360°-400® and made into a paste with water, 
hardens under water like a cement ; but if pre-heated to redness, it disintegrates 
when placed in water. 

The thermal properties of dolomite have not been closely examined, but the same 
remark applies to the physical properties generally. It is remarkable, said 
H. Leitmeier, that so little is known about the physical properties of a substance 
on which so much work, relating to its genesis and constitution, has been expended. 
H. Fizeau measured the coefficient of ^ear expansion, and found a=0'00001968 
in a direction parallel to the chief axis, and 0'00000367 when vertical to the chief 
axis. H. Kopp found the coeff. of cubical expansion to be 0 000035 per degree 
between 13® and 43®. H. Kopp found the spe^C heat to be 0’206 between 18® 
and 47®; H. V. Regnault, 0'21743 between 26° and 99°; and R. Ulrich and 
E. Wollny, 0*2218 between 18® and 98°. 

According to H. Fizeau, the double refraction is strongly negative m— e=0*189 ; 
and the index of refraction for Na-light is a>=l*68174 for the ordinary ray, and 
€=1*50256 for the extraordinary ray. K. Eisenhut^i measured the refractive 
indices of eight specim^ of dolomite with gradually increasing proportions of iron, 
and found that the index of refraction increases. W. Schmidt found the dielectric 
constant of a crystal of dolomite in a direction parallel to the chief axis to be 6*70, 
and normal to that axis 7*77. W. Voigt studied the magnetic properties of crystals 
of dolomite. 

The solubility of dolomite.— According to A. Cossa,^^ a litre of distilled water 
sat. at 18® and 750 mm. press, with carbon dioxide, dissolves 0*320 grm. of dolomite, 
6*15 grm. of magnesite, and 1*0 to 1*2 grms. of calcite. H. Leitmeier found that 
at ordinary temp, a litre of water sat. with carbon dioxide dissolves 0*11 grm. 
of dolomite. C. G. C. Bischof found that if the dolomite contains a little magnesite 
or calcite, these are first dissolved. T. Scheerer found that the calcium carbonate 
. was dissolved much faster than magnesium carbonate. C. Doelter and R. Hoemes, 
and E. von Gorup-Besanez did not find much difference, though the calcium 
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carbonate dissolved a little more quickly. When the sob. is evaporated, the dis- 
solved carbonates do not reform dolomite, although P. Hoppe-Seyler showed that 
%t temp, near 200®, dolomite can be recrystallized from carbonated water. 

The early reports on the action of acids on dolomite and magnesian limestones 
appear contradictory ; possibly some cases can be eicplained by the presence of 
forms of magnesium carbonate which dissolve, m acids — some slowly, some quickly. 
In 1791, D. Dolomieu stated that cold dil. mineral adds do not act very well on 
dolomite. C. J. B. Karsten treated a magnesian limestone .with cold dil. acetic 
acid and obtamed an undissolved residue of dolomite ; in another limestone, he 
obtamed a residue of* magnesium carbonate okne Spur von Kalk ; and therefore 
inferred that the former was a mixture of calcite and dolomite, the latter a mixture 
of calcite and magnesite. A. Damour similarly treated a limestone from Mt. Somma 
and found that it all dissolved even though the proportions of calcium and magnesium 
carbonates were as 4 : 1. C. Schmidt also obtained a similar result with a Kussian 
limestone. P. Forchhammer found that dil. acetic add removed the excess of 
calcite from a dolomitic limestone, but scarcely affected the dolomite. C. Doelter 
and R. Hoernes, A. Vesterberg, and F. Hoppe-^yler obtained a similar result. On 
the other hand, F. W. Pfaff, J. Roth, and T. S. Hunt found a considerable proportion 
of magnesium salt was dissolved. K. Haushofer made an extensive study of the 
solubility of dolomite in acetic acid, and found that the duration of the treatment, 
the cone, of the acid, and the temp, are of great importance. The effect of temp, 
and th^ time of treatment are usually greater with dil. than with cone, acetic acid. 
With normal dolomites, the magnesia dissolves more readily than the lime, while 
with dolomites containing an excess of calcite, the calcium salt dissolves faster than 
the magnesium salt. Citric acid acts more energetically than acetic acid. T. Liebe 
found that a dolomitic limestone was enriched by treatment with cold dil. hydro- 
chloric add owing to the preferential dissolution of the calcium carbonate, and 
C. E. Schafhautl made a similar observation with nicht allzu cone, hydrochloric acid. 
For the action of carbonic add, that is, carbonated water, or a soln. of carbon dioxide 
in water, see the decalcification of dolomite. A. Vesterberg found that magnesium 
carbonate in some cases dissolves as fast as the calcium carbonate ; and that the 
presence of magnesium chloride depresses the speed of dissolution of magnesium 
carbonate in carbonated water. 

According to H. Reinsch, dolomite is not decomposed by boiling it with calcium 
sulphate and water, but if calcined dolomite is treated with carbon dioxide and 
again exposed to the action of calcium sulphate and water, F. Findeisen found that 
magnesium sulphate is formed. According to C. J. B. Karsten, dolomite behaves 
like magnesite towards an aq. soln. of sodium chloride, and it is not decomposed by 
an aq. soln. of calcium chloride. P. Berthier fused a mixture of four mols of sodium 
carbonate with one of dolomite, and on cooling obtained a clear mass with a crystalline 
fracture. If a very high temp, be employed carbon dioxide is evolved, and with a 
smaller proportion of sodium carbonate, the evolution of gas occurs as soon as the 
mixture begins to soften. 

The so-called hydrodolomUe or hydromagnoccdcUe found in stalagmitic and concretionary 
forms at Mt. Somma, Vesuvius, is a calcium magnesiiun carbonate with 6 to 17 per cent, 
water of hydration. R. Hermann called a similar mineral penniie. C. U. Shepard found 
a variety which he called hydronickel magnesite tinted with nickel in Texas, Pa. A variety 
called Jtydromanganocalcite contains manganese. According to C. F. Eammelsberg, and 
F. von Kobell, hydrodolomite is really a mixture of hydromagnesite and dolomite. T. S. Hunt 
obtained what he regarded as a hydrated calcium magnesium carbonate, CaCO,. MgCO,. 6H |0, 
by the action of a small excess of sodimn carbonate on a soln. containing equi-mol. pro- 
portions of magnesium and calcium chlorides. If this precipitate is kept in contact with 
Ma- water for f^me days, it forms small transparent prismatic crystals.; and by using 
insufficient sodium carbonate for complete precipitation, he obtained prismatic crystals of 
what he regarded al9 7M^O,. 10CaCO,.21H,O. 

It is difficult to distinguish calcite from dolomUe. J. Lemberg tried ferric chloride, 
and silver nitrate cMti. The latter stains the two minerals unequally alter ignition ; and 
Ei Hinden has stated that limestone is coloured reddish-brown by a soIil of fmc chloride, 
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^ Uvie by a Bol^ of cupric s^phate, while dolomite ie not a«eoted-0. Mahler got poor 
rosmts feme cnlonde, but good ones with the cupric sulphate. According to 
J. Lemberg, a soln. of aJuminium chloride and hsematoxylin or extract of logwood-- 
Lemberg's solution — deposits a violet coating on calcite surfaces, but leaves dolomite un- 
coloured. F . Cornu has pointed out that if the powdered minerals are covered with water 
with a few drops of phenolphthalein, calcite gives an intense coloration while dolomite is 
not affected. 


G. Bollmann allowed a soln. of calcium chloride or nitrate to act for 1-8 hrs. 
on hydrated magnesium carbonate at 120°-200°, but did not get any sign of the 
formation of dolomite, and he assumed that the reaction requires a long time ; on 
the other hand, he found that the formation of trihydrated d&trontium magnesium 
carbonate, 2SrCO3.MgCO3.3H2O, proceeds more quickly when carbon dioxide is 
passed into a sat. soln. of strontium nitrate with magnesium carbonate in suspension, 
for 2 hrs. at 150 °- 170 °. When the action is allowed to continue for a longer time, 
the product approximates to a strontia-dolomite^ SrCOs-MgCOs. When a soln. of 
barium nitrate is treated in a similar manner, barium magnesium carbonate, 
BaC03,MgC03, is formed. 

W. F. Foshag groups the following minerals of the general formula MgC08.5Mg(0H),. 
2R(0H)8.4H,0, as hydrotaloites. C. Hochstetter, R. Hermann, C. U. Shepard, C. F. Ram- 
melsberg, and W. R. Johnson described the mineral hydrotalcite, MgCOa.6Mg(OH)j. 
2A1(OH)8.4 HjO. C. U. Shepard called it houghite, and R. Hermann, volkemite ; 
W. F. Petterd, L. K. Ward, L. Hezner, and A. Himraelbauer described atichtite, 
MgC08.6Mg(0H)j.2Cr{0H)8.4Hj0 ; L. J. IgelstrOm, H. SjOgren, R. Mauzelius, andG. Flink, 
pyroaurite, MgC03.6Mg(0H),.2Fe(0H)3.4H80 ; and E. i^ini, and A. Pelloux, hrugna- 
tellite, MgC 08 . 6 Mg( 0 H) 3 .Fe( 0 H)s.ffi 80 — but whose composition has not yet been definitely 
established. A comparison of the properties of these minerals is indicated in Table VIII. 


Table VIII. — Compabison of the Pbopbbties of the Hydrotaloites. 


Hydrotalcite. 

Pyroaurite. 

Stlchtlte. 

Bruguatelllte. 

White 

Light brown 

Lavender purple 

Rose, light brown 

Translucent 

Translucent 

Translucent 

Translucent 

Uniaxial 

Uniaxial 

Uniaxial 

Uniaxial 

Cleavage basal 

Cleavage basal 

Cleavage basal 

Cleavage basal 

Sp. gr. 2 -04-2 09 

Sp. gr. 2 07 

Sp. gr. 2 12 

Sp. gr. 

n, P610 

n. r65 (approx.) 

n. 1-642 

n. 1-633 

Biref, weak 

Biref. weak 

Biref. 0 026 

— 

Pleochroism, none 

Pleochroism, none 

Very slightly pleochroic 

Pleochroic 
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§ 19. M a gn eri tt m Nitrates 

''The so-called nitromagnesite is said to occur as an efflorescent mass of hexa- 
iiydrated ma^esium nitrate besides the so-called nitrocalcite. A sob. of magnesiam 
lUtrate) Mg(S08)2, is obtained by the action of nitric acid on magnesium carbonate, 
hydroxide, or oxide. As T. Graham ^ showed, when this sob. is evaporated on a 
vater-bath, and cooled to ordinary temp, crystals of hezahydrated magnesiam 
titrate^ Mg(N08)2-6H20, are formed ; but if the sob. be cooled below —20®, crystals 
)f ennealb^^t^ magnesiam nitrate, Mg(N03)2.9H20, appear. R. Funk found 
the transition pomt for the ennea- and hexa-hydrates to be —18®. The relation 
between these hydrates appears from the solubility curves. The following results 
by R. Funk refer to the solability of the hexahydrated salt in grams per 100 grms. 
3f sat. sob ; 

0" 18“ 40“ 80“ 90“ 89“ 77'5“ 67“ 

. . 39*60 39*96 42*33 46*87 63*69 57*81 63*14 65*67 66*66 

where 90®, according to J. M. Ordway, represents the m.p. of the hexahydrate, and 
the succeeding numbers give a reversed curve. This means that sob. can be pre- 
pared with less water than is contained in the hexahydrate which occurs as the solid 
phase ; and they can be regarded as sob. of the hexahydrate in the anhydrous salt. 
The numbers for the enneahydrate are likewise 

-7*8“ -20“ c. -29“ -23“ -20“ 18“ 

Mg(N03) . . . 16*00 27-4 34*6 36*44 36*19 38*03 

where —18° is the transition point for the ennea- and hexa-hydrates, and the first 
two pairs m the series refer to the ice-line with the eutectic at circa —29®, accordbg 
to F. Rudorff. According to A. Ditte, if an aq. sob. of magnesium nitrate be heated 
carefully until a few gas bubbles begm to develop, the remaining colourless liquid is 
b a state of supersaturation at ordinary temp., and on shakbg heat is developed, 
and crystals of trihydrated magnesium nitrate, Mg(N03)2.3H20, are deposited. 
According to H. Lescoeur, the same hydrate is formed from a sat. sob. of the nitrates 
niixed with an equal vol. of nitric acid ; and he found that when the hexahydrate 
is heated to 65®, the vap. press, suddenly falls from 80 mm. to 25 mm., corresponding 
with the formation of the trihydrate. A. Ditte also claimed to have prepared short 
prismatic crystals of dihydrated magnesium nitrate, Mg(N03)2.2H20, by heating 
the trbydrate a little above the m.p., but not sufficiently high for the evolution of 
red vapours ; and dissolvmg the residue m monohydrated nitric acid which dissolves 
5 per cent, of the salt at 2®, and 11 per cent, at 80®. The hot sat. sob. furnishes 
crystals of the dihydrate. A. Chodneff prepared tbs hydrate as a white hygro- 
scopic powder by allowmg the hexahydrate to stand over cone, sulphuric acid. 
R. Funk was unable to confirm the preparation of the dihydrate. Still further, 
T. Graham obtabed what was regarded as monohydrated magnesium nitrate, 
%(N08)2.H20, by heating the hexahydrate to 100®; and A. Ditte by heating 
magnesium nitrate until red fumes began to appear, dissolving the residue in as 
little hot monohydrated nitric acid as possible. Fbe crystals of the monohydrate 
appear when the sob. is cooled. 

According to A. Chodneff, the crystals of the hexahydrate belong to the triclbic 
system, but J. C. G. de Marignac found they are really monoclmic prisms, with 
a&ial ratios a : 6 : c=0’5191 : 1 : 0*9698, and j3=92® 56'. L. Playfair and J. P. Joule 
gave 1*464 for the specific gravity of hexahydrated magnesium nitrate. F. Mylius 
and R. Punk found that at 18® a sat. sob. of magnesium mtrate contained 43*08 per 
cent. Mg(N08)2, had a sp. gr. 1*394. A. C. Oudemans gave for the sp. gr. of 
sob. containing 

Mg(NO,),.6H»0 .1 6 10 20 30 40 45 49 

Sp. gt. atU® . . 1 0034 1*0202 1*0418 1*0869 1*1347 1*1909 1*2176 1*2397 

Measurements have also been made by H. C. Jones, H. Schiff, by D. Dijken, abd by 
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H. T. Bames and A. P. Scott. The vol. of a soln. in 100 mols of H2O at between 
0® and 60° was represented by N. S. Tschemay by the equation v=l+0 0001552d 
-f0-000003483d2. J. Wagner found the viscosity of N-, JN-, iN-, and JN-soln. 
of magnesium nitrate ai 25® to be respectively 1*1706, 10824, 1*0396, and 1*0198. 
Measurements were also made by S. Arrhenius, and K. Miitzel, A. Strickler and 
J. H. Mathews studied the electric endosmose of magnesium nitrate. 

According to A. Chodneff, the crystals of the hexahydrate lose 28*25 per cent. — 
nearly two-thirds — of water of crystallization when confined over cone, sulphuric 
acid ; and he stated that the melting point of the hexahydrate is 100° ; J. M. Ordway, . 
and W. A. Tilden gave 90®. A. Chodneff found that the hexahydrate loses 34*14 per 
cent, of water at its m.p. and congeals to a glass-like mass. A. Chodneff found that 
the percentage loss on calcinatibn : 

110*-115‘’ IIS^-IZO* 120M25* 140“-150* 160“~166® 210“ 

(6 hre.) (6 hra.) (23 hrs.) (28 hrs.) (6 his.) (6 hrs.) 

Loss . . . 20-87 28-97 31 06 34-72 36 10 36 32 

T. Graham was unable to drive off all the water at 400°, and at a dull red heat it 
loses the remainder of the water, and at the same time gives off nitrogen peroxide 
and oxygen. D. Gernez found that in air free from carbon dioxide, nitric acid is 
given off when magnesium nitrate is heated to 150° ; and J. C. G. de Marignac 
found the crystals to be stable in dry air. 

According to A. Ditte, when trihydrated magnesium nitrate is melted and 
heated to the temp, at which red fumes are evolved, and the product leached with 
water, magnesium trioxsmitrate, 3Mg0.Mg(N03)2, remains as white tabular crystals. 
A. Chodneff heated the hexahydrate with stirring until the mass melted and lost all 
its water. The product was washed with water, and there remained a white basic 
nitrate, magnesium dioxynitrate, 2Mg0.Mg(N03)2, which is insoluble in alcohol and 
water, but soluble in acids. There is really nothing to establish the individuality 
of those, although G. Didier made crystals of pentahydrated magnesium dioxy- 
nitrate by dissolving 200 grms. of hexahydrated magnesium nitrate in 150 c.c. of 
water at 100°, and adding 10 grms. of magnesia prepared at a low temp. — 350°-400®. 
The temp, is gradually raised to 150® and the filtrate, preserved in a closed vessel, 
deposits a flocculent precipitate in a few days. The precipitate is isolated by 
suction and press, keeping it as much as possible out of contact with the carbon 
dioxide of the atm. The microscopic crystals consist of doubly refracting needles 
which are rapidly decomposed by cold water or absolute alcohol, with the separation 
of magnesium hydroxide. 

J. C. G. de Marignac found for the specific heat of a soln. of a mol of Mg(N03)2 
in n mols of water, between 21° and 52°, 

« . . . . 16 26 60 100 210 

Sp. ht. . . . 0-6777 0-7668 0-8617 0-9146 0 9637 

Mol. ht. . . . 283-7 463 893 1782 3676 

H. C. Jones and co-workers measured the lowering of the freezing point of aq. soln. 
of magnesium nitrate and found for soln. with 1*142, 0*921, and 32*07 grms. of 
Mg(N03)2 per 100 grnis. of water, the f.p. were respectively —0*370°, —3*559°, and 
—22*500°, and the mol. lowering of the f.p. respectively 4*8°, 5*75°, and 10*40°, 
According to J. Thomsen, the heat of formation,' (Mg, O2, N2O4, 6H2O) =214*53 
Cals. ; and, according to M. Berthelot, Mg(0H)2-i-2HN08aq,=27*6 Cals. J. Thomsen 
gave —4*22 Cals, for the heat of solution of a mol of the hexahydrate in 400 mols of 
water, and S. U. Pickering, —4*547 ; the latter found 0*936 Cal. for the heat of soln. 
in alcohol. D. Dijken found the following difference in the refractive indices of the 
soln. and water for a mol. of Mg(N03)2 ^ of water between 15° and 16‘5° : 

V . . , 1 4 16 32 64 12^ 

Diff. . . . 0-012268 0003086 00007890 00603982 00001991 0-0001020 

According to C. Cheneveau, the value of (ftp— 1)D in dil. soln., decreases with the 
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press, of the solute. W. N. Hartley found that the absorption spectrum for a soln. 
with 256*4 grins, per litre, and thickness 4 mm., gave bands A"*!, 3069 to 3772; and 
for a thickness 2 mm., absorption bands for A~i, 3069 to 3772 ; and for a thickness 
2 mm., absorption bands for A“i, 3149 to 3504. J. R. Collms measured the ultra- 
red absorption spectrum of aq. soln. of the nitrate. F. Kohlrausch and L. Holborn 
give for the equivalent conductivity, A, of magnesium nitrate, at 25° ; H. C. Jones 
gives for the mol. conductivity, fi, at 0°, the percentage ionization a, and the temp, 
coefl., k, of soln. of a mol of the salt in v litres of water at 0° : 


V ... ,8 

A (25“) . . . — 

/A (0“) . . . 88-91 

a (0“) . . . 72-1 

k (0“-12-5“) . . 2-76 


32 64 128 

104-6 1110 116-7 

101-66 110-78 119-01 

82-4 89-9 96-6 

3-23 3-68 3-74 


266 612 1024 

119- 0 122-9 126-6 

120- 68 123-34 122-89 

97-9 100-0 99-7 

3-97 3-99 4-06 


C. A. Kraus and J. E. Bishop measured the conductivity of soln. of magnesium 
nitrate in mixtures of propyl alcohol and water. A. Chassy gave data for the trans- 
port numbers of the ions. 

J. W. Thomas found that hydrogen chloride reacts vigorously with heated magne» 
sium nitrate and red fumes of nitrogen perioxide are evolved. T. Graham found the 
hydrates of magnesium nitrate are all hygroscopic, and readily soluble in alcohol, 
and he found that a hot sat. soln. of anhydrous magnesium nitrate, in alcohol, forms 
a double compound Mg{N03)2.4iC2H60H ; and A. Chodnef! represented the com- 
position Mg(N03)2.dC2H50H. E. C. Franklin and C. A. Kraus found magnesium 
nitrate to be soluble in liquid ammonia, and the soln. immediately gives a pre- 
cipitate with ammonium chloride ; one is formed more slowly with ammonium 
bromide, and none at all with ammonium iodide ; ammonium sulphide gives a 
precipitate of {NH4)2.S.2MgS.wNH3 ; ammonium chromate, and borate also give 
precipitates with the liquid ammonia soln. of magnesium nitrate. D, N. Jackman 
and A. Browne studied the ternary systems, Mg(N03)2-NaN03-H20, and 
MgS04~-Mg(N03)2-H20, at 25°, and found that no double salts or solid soln. are 
formed. 
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S 20. Magneshun Orthcq^hoaphates 

Analyses of the guano mineral hchierrite or hauUfeuUUe from Chile by A. Lacroix, i 
and from Bambe by L. Michel, show that it has a composition corresponding 
closely to that required for normal hexafaydrated mafi^iediiin ortbQphoaphate, 
Mg3(F04)2.8H20. According to C. Stein and B. Tollens, it also separates from 
patholofpcal and form normal urine ; ’ small quantities have also been reported in the 
cereals, in bones, in urinary calculi, and in the intestinal concretions of some animals. 
T. Graham, 2 and W. Gregory prepared what has been regarded as hydrated normal 
magnesium phosphate, Mg3(P04)2, by treating a soln. of magnesium sulphate with 
normal sodium phosphate ; the precipitate dried at 100° contains the eq. of 5H2O. 
C, Stein and B. Tollens used disodium hydrophosphate, and employed as well cone, 
soln. jiiade slightly alkaline with sodium hydrocarbonate. A crystalline precipitate 
forms in 12-24 hrs. K. Kraut recommended mixing magnesium sulphate or 
chloride with a mixed soln. of disodium hydrophosphate, or of disodium 
hydrophosphate and borax, the flocculent precipitate soon becomes crystalline. 
L. Senaffner boiled magnesium hydrophosphate repeatedly with water so long as 
this acquired an acid reaction, ana obtained the normal phosphate ; and H. Debray 
heated the same compound with water in a sealed tube at 120°. G. A. Daubr^ 
prepared rhombic plates of magnesium phosphate by heating magnesium oxide in 
an atm. of phosphorus pentachloride .* 8Mg04-2PCl5— Mg8(P04)2-l- 5MgCl2. 

A. de Schulten mixed a soln. of 20 grms. of heptahydrated magnesium sulphate 
in two litres of water and cooled at 10°, with a soln. of 19‘4 grms. of dodccahydrated 
disodium hydrophosphate and 4 grms. of sodium hydrocarbonate in a litre of water, 
and, after diluting the mixture with a litre of water, allowed it to stand at 20°-25° 
for a long time. Crystals of bobierrite were slowly formed. He also obtained 
crystals without using the sodium hydrocarbonate. 

Bobierrite occurs in colourless and white nf^edles. A. de Schulten found the 
artificially prepared crystals of the octohydrate, Mg3(P04)2.8H20, to be mono- 
clinic prisms, with axial ratios a :b: c— 0'076 : 1 : 0*74, and jS is about 106°. A. Sachs 
supposed bobierrit(^ to be isomoiqihous with vivianitti and symplesite. A. Lacroix 
cave 2*41 for the spedflo gravity of bobierrite, and A. de Schulten, 2*195 at 15°, 
for the artificial product. The latter also found that the synthesized octohydrate 
did not lose its water of crystallization at 100°, while the hydrated precipitate lost 
about 82 per cent, of its water at 100°, and still more with a prolonged heating. 
According to K. Kraut, if precipitated magnesium phosphate be dried over cone, 
sulphuric acid, the product contains 43*8 per cent, of water ; if at 100°, 10*86 per 
cent. ; and if calcined at a red heat 4*77 per cent, of water. L. Schaffner found a 
very small loss at 100°, a loss of 23 per cent, at 180°, and a further loss of 9*10 per cent, 
at a red heat, and his analysis of the original phosphate corresponded with 
Mg8(P04)2.7H20 ; C. Stein and B. Tollens’ and H. Debray’s analyses of the crystals 
corresponded with Mg3(P04)2.5H20 ; C. Stein and B. Tollens, and K. Kraut’s 
analyses of the air-dried precipitate, with Mg3(P04)2.22H20 ; and A. de Schulten’s 
analysis of artificial bobierrite, with Mg3{P04)2.8H20. !l^th T. Graham, and 
W. Gregory found that tfie phosphate has a meltiilg point near a white heat, and 
the resulting clear glass is easily soluble in acids. According to M. Berthelot, the 
heat 0 ! formation of colloidal normal magnesium phosphate from its elements is 
910-6 Cals. ; and from magnesium sulphate and normal sodimn phosphate is 
oompoimded of two factors— -the initial formation of an amorphous precipitate, 
4*86 Cals., followed by its transformation into crystals which in 5-6 mins, liberate 
8*12 Cals. With magnesium chloride, the numbers are respectively —4*44 Cals, 
and 12*18 Cals. The heat of nentralisation is Mg(OH)2-f H3P04aq. =Mg3(P04)2aq. 
-1-57*80 Cals, for the amorphous, and 83*00 Cals, for the crystalline precipitate, 
^bierrite has a positive doable retraction. 

According to F. K. Cameron and J. M. Bell, the behaviour of the magnesium 
phosphates in contact with water is quite similar to that of the calcium phosphates. 
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A. Lieroix found bobienite to be insoluble in water» while J. A. Ydlcker stated 
that a litre of water dissohres in 7 days 0*205 grm. of the freshly precipitated normal 
phosphate, and 0*100 grm. of the calcined. J. von Liebig found a litre of water 
containing 2 grms. of fodiimi chloride dissolves 75*8 mgrms. of the precipitated 
phosphate ; and a litre of water with 3 grms. of sodium nitrate dissolves 61*9 mgrnui. 
According to A. Lacroix, bobierrite is soluble in nitric add* and, according to 
L. Schafiner, normal magnesium phosphate is easily soluble in acetic add* According 
to B. W. Gerland, when normal magnesium phosphate is suspended in water, 
it rapidly absorbs folphur dioxide* and forms an oily liquid ; if an excess of the 
phosphate is present it* does not alter its composition. A soln. containing a mol 
of "^ols of sulphur dioxide furnishes crystals of trihydrated 

magnesium hydrophosphate when allowed to stand in vacuo, and a similar product, 
but less hydrated, is ^adually deposited in needle-like crystals on adding sodium 
carbonate ; or on boili^ the soln. According to L. Grandeau, a double alkali 
magnesium phosphate is produced when the phosphate is fused with an alkaU 
sulphate* but no magnesium oxide is formed. E. Erlenmeyer has shown that an 
acid ammonium dtnte soln. dissolves normal magnesium phosphate quite n^adily, 
but not so readily in a neutral citrate soln. A. Chizynsky studied the distribution 
of phosphoric acid between magnesium and caldum salts. 

According to L. B. G. de Morveau, magnesium oxide forms a white vitrifiablo sub- 
stance when ignited with two parts of sodium ammonium phosphate. J. J. Bt‘rz(‘liu8 
also noted the solubility of magnesia in fused sodium ammonium j)ho8phate before 
the blowpipe. H. Rose also made a sodium magnesium phosphate, NaMgP04, 
by fusing equimolar parts of magnesium p)rropho8phate with sodium carbonate ; 
the analysis corresponded with 3Mg0.3Na20.2P206. L. Ouvrard obtained a sub- 
stance with the same composition by fusing normal sodium phosphate with mag- 
nesium oxide, and extracting the slowly cooled mass with water. The dendritic 
crystals have a sp. gr. 2*5 at 20°, and they are doubly refracting. H. Rose made 
anhydrous potasnum magnesium phosphate* KMgPOi, by calcining a mixture 
of magnesium pyrophosphate and potassium carbonate. R. Weber’s analyses of 
a similar product were found by H. Rose to be too low in alkali for KMgP04, 

H. Rose pointed out that R. Weber washed the material with ammoniacal water 
which by hydrolytic decomposition removed the alkali and left magnesium hydro- 
phosphate behind. L. Grandeau obtained the same compound by heating for 
many hours at 800 ° an intimate mixture of magnesium pyrophosphate with 25 times 
its weight of potassium sulphate, and extracting the cold mass with hot water. A 
white powder consisting of needle-like crystals remained. According to L. Ouvrard, 
potassium pyrophosphate or orthophosphate yields rhombic prisms of the salt 
1*205, 2MgO, K2O, previously described by L. Grandeau. Magnesium phosphate 
yields the same products as the oxide, but the chloride yields a chlorophosphate 
unless the alkaline phosphate is present in considerable excess. L, Ouvrard’s 
potassium magnesium phosphate had a sp. gr. 2*6 at 20°, and was easily soluble in 
acids. H. Erdmann and P. Kothner prepared hexahgdiated rubidium magnerium 
phosphate* RbMgP04.6H20, by mixing soln. of magnesium sulphate and of rubidium 
phosphate. The crystalline precipitate is not decomposed by boiling water, and it 
is soluble in cold dil. hydrochloric acid. 

M. Berthelot, and A. Quartaroli studied the equilibrium conditions between 
phosphoric acid, magnesium oxide, and the alkali hydroxides. The latter found 
that the behaviour of the magnesium oxide is different from that of barium or 
calcium oxides. Thus, on adding one eq. of magnesia and two eq. of sodium 
hydroxide to one mol of phosphoric acid, only magnesium oxide is precipitated, 
whilst if the sodium hydroxide is replaced by potassium hydroxide, a portion of the 
latter passes into the insoluble state. On adding one eq. of sodium or potassium 
hydroxide to monomagnesium phosphate, the amotmt of phosphoric acid precipi« 
tated is much less than in the other cases and only amounts to about one-sixth 
of the total quantity ; seeing that dimagnesium pho^hate, like the dicalcium salt, 
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is only very slightly soluble and that the alkali hydroxide present is sufficient to 
precipitate it, it is probable that soluble double phosphates are formed. 
M. Schrdcker and M. Violet prepared enneahydrated soffiom magnenoin pho^ 
phate, NaMgP04.9H20, by heating a soln. of equimolar parts of phosphoric acid 
and sodium carbonate until carbon dioxide is expelled, and to the cold soln., adding 
magnesia, which has been heated to the lowest possible temp., until the liquid has 
a neutral reaction. After the mixture has stood some days, microscopic prisms 
arc formed which are freed from the mother liquid by press. The crystals belong 
to the triclinie system, and, according to K. Haushofer, they have the axial ratios 
aih: c-=V2m ; 1 : l-438(), and 42', 1.3', 31". M. Schrdcker 

and M. Violet prepared hexahydrated potassium magnesium phosphate, 
KMgP04.3lf20, in a similar manner ; K. Haushofer found the crystals belong to 
the rhombic systirn and have the axial ratios a : : c— 0 5584 : 1 : 0'1KX)1. The 
crystals lose five-sixths of their water at 100", and they are decomposed by water. 
A. Metz obtained ciy’stals of this double salt by adding potassium carbonate to beer. 

K. Haushofer prepared an acid double phosphate which he regarded as decapenta- 
hydrated potassium dimag^nesium hyUrodiphosph^e, but did not describe tiie method ; 
he said that the crystals wore triclinie plates with axial ratios and angles a:b : c 
>«0 9418 : 1 ; 0 6003, and a=*90" 7', ^-92" 4', and y = 96‘’ 48'. L. Chevron and A. Droixho 
prepared crystals of what they rogardiHl os acid phosphates: Kj|0.4Mg0.2p20j.7H,0, 
anaK 2 HMg 8 (l’ 04 ) 3 . 4 HlaO. from mixtures of soln. of potassium dihydrophosphate, potassium 
hydrocarbonato, and magnesium sulphate of different cone. ; but there is no evidence of 
the chemical individuality of the products. 

Crystals of hexahydrated ammonium magnesium phosphate, Mg(NIl4)P04. 
6H2O, were found by G. L. Ulex ^ in some old soil, under quantities of cattle dung, 
in the neighbourhood of Hamburg, and the mineral was called struvite, after a 
Russian statesman ; and E. F. Teschemacher called it guanite. F. de la Provostaye 
found the mineral in guano from Patagonia, and it has been reported in guano 
from other lo(’.alitie8. F. P. Pittman, R. W. E. Matdvor and G. vom Rath reported 
it in the bat guano from the Skipton Caves (Victoria) ; H. Ludwig found it in 
intestinal concretions ; and it is deposited from decomposing urine. 0. B. Boggild 
found crj'stals of struvite in extracts from fossil plants ; peat extracts, etc. 

A. F. do Fourcroy first made the salt by treating magnesium phosphate with 
ammonium hydrophospliate ; J. J. Berzelius mixed a neutral magnesium salt with 
ammonium hydrophosjihate. In both these cases, G. F. Wach found the soln. 
becomes acidic. L. Blum also preferred sodium phosphate as precipitating agent 
because the precipitate settles more quickly ; while C. Mohr, and W. Gibbs preferred 
sodium ammonium phosjihate because it jirecipitates more rapidly and completely. 
A. Riffault mixed a magnesium salt first with ammonium carbonate, and then 
with disodium hydrophosphate. According to 0. A. Lesueur, magnesium hydroxide 
or carbonate is transformed into ammonium magnesium phosphate when it is 
allowed to stand in contact with a soln. of ammonium hydrophosphate ; and 
likewise also wlien magnesium hydrophosphate is treated with aq. ammonia, 
ammonium sulphide, or ammonium carbonate ; C. Stein, and B. Tollens observed 
a similar result with normal magnesium phosphate. J. W. C. Davis also prepared 
this salt. A. de Schulten obtained good crystals of the double salt by mixing a 
soln. of 28 grms. of diammonium hydrophosphate, 10 grms. of ammonium sulphate, 
and 12 grms. of phosphoric acid in 80 c.c. of water with a soln. of 16 grms. of hepta- 
hydrated magnesium sulphate in 20 c.c. of water. Comparatively large crystals 
were produced by H. Vohl, 0. Richter, and E. Monier by slowly mixing the soln. 
separated by a permeable diaphragm. A. Millot and L. Maquenne obtained large 
crystals in acid or neutral soln. in the presence of ammonium citrate ; and 
K. Haushofer from a soln. of the double phosphate in ammonium citrate. 
R. H. Solly, and A. Arzruni have reported the formation of crystals of struvite in 
certain culture media for bacteria, and in peptone soln. 

M. Berthelot has studied the equilibrium between soln. of magnesium chloride, 
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^ of ammomum phosphate. Hexahydrated magnesium ammonium phosphate 
is precipitated whenever a neutral magnesium salt is brought in contact with a 
solL containing aminonia and phosphoric acid. According to J. J. BerseUus, the 
salt is slowly precipitated, and the precipitation is never complete unless an excess 
of phosphate is present in the soln. W. H. Wollaston noticed that the precipitate 
is deposited on the sides of ^e glass containing vessel, especially where we stirring 
rod has scratched it. This salt is usually the form in which magnesium is precipi^ 
tated in analytical work, and reciprocally also, it is often the form in whicn phos* 
phoric acid is precipitated. According to H. Neubauer, the precipitation is 
practically complete even in the presence of comparatively large quantities of 
ammonium salts, but the composition of the precipitate is largely determined by 
the nature of the soln., e,g, (i) the precipitate contains a lower proportion of mag* 
nesium than the normal phosphate in neutral and animonracal soln. ; (ii) the 
precipitate has the normal composition if an excess of the magnesium salt is present ; 
and (lii), the precipitate contains more magnesium than the normal phosphate in 
the presence of an excess of both magnesium salt and ammonia. R. Reidenbach 
believes the third observation is not correct, and that the precipitate contains less, 
not more, magnesium than the normal phosphate. 

A. QawalowsW obtained large crystals with the composition {NHj),0.iMg0.2P,0*. 
241i|0, by crystallization from a soln. of the normal phosphate in acetic acid. The analyses 
of C. Lindbergson led J. J. Berzelius to assume that miother ammonium magnesium phos- 
phate exists containing less magnesium than NH4MgP04.6H,0 ; and J. TUnnermann 
supposed the existence of even six varieties of this salt, but T. Qreiham and Q. F. Waoh 
showed that there is only one double magnesium ammonium phosphate. F. A. Gooch 
and M. Austin have confirmed the existence of a compound (NH4),H,Mg(P04)|.2H,0, whose 
production is favoured by the presence of an excess of a soluble phosphate or of ammonium 
salts in the soln. R. W. E. Macivor reported three min erals in the bat guano of the SIdpton 
Caves (Victoria) — hannayite, MgjH|(P04),.MgH|(NH4),(P04),.8H,0, in triclinic crystals 
with a:b: c«0-6990 ; 1 ; 0*9743 ; «t}hertelitc, Mg(NH4)4H,(P04)|.4H|0, in small ill-defined 
crystals ; and dittmarite, Mg(NH4)P04.2MgH,(P04),.8H,0, in rhombic crystals. 
H. Neubauer and K. Bube also inferred that a compound magnesium Mrammonium aipfu)s^ 
phaie, Mg(NH4)4(P04)a. ».c. (NH4),P04.Mg(NH4)P04, is formed in neutral or ammoniaoal 
soln. because, when the precipitate is i^it^, some phosphoric acid is volatilized, which is 
not the c^ when the normal double salt is ignited under similar conditions. It is assumed 
that during the ignition of the tetrammonium salt, magnesium motaphosphate is first 
formed: Mg(NH4)4(P04)|-»Mg(P0,)j-|-4NH,-}-2H,0 ; and that on further ignition, the 
metaphosphate decomposes into pyrophosphate and volatile phosphoric oxide : 
2Mg(&0,).->Mg,P,0,-f-P,0.. 

Disturbances also arise in the presence of alkali salts, so that it is usual to dissolve 
the precipitate in dil. nitric acid, and reprecipitate it from a soln. which will give 
the normal phosphate, NH4MgP04.6H20. Many other observations have been 
made on this subject by W. Heintz, F. G. Jorgensen, C. Stiinkel, T. Wetzke, and 
F. Wagner, 0. Popp, T. R. Ogilvie, B. W. Parnell, W. Kubel, L. Brunner, etc. 

Struvite is sometimes colourless, or it may have a yellowish or brownish tinge. 
K. Haushofer established the identity of the crystals of struvite and of hexahydrated 
ammonium magnesium phosphate. According to A. Sadebcck, the pyramidal 
orjrstals belong to the rhombic system, and have axial ratios a:Jb:c 
=^'6667 : 1 ; 0*9121. H. Haga and F. M. Jager have studied the Z-radiosnunf 
of crystals of struvite. E. F. Teschemacher gave 1*65 for the spcoiflo gravity 
of struvite ; 0. B. Boggild, 1*715 ; A. de Schulten, 1*711. The haidnass is about 
2 on Mohs’ scale. M.^rthelot gave for the heat ol fonuatioil of crystalline am- 
monium magnesium phosphate &NH4PO4 from its elements as 898*8 Cals. The 
crystals of struvite have a positive loabto refraction, and, according to 0. B. Bdwild, 
the indioeo of refraction are u«==:i'4954, and /iy»l*504d. K. Bube 

measured the dectrical oonanctiviiieB of aq. soln. of mono- and hexa-hydrated 
magiesium ammonium phosphate at different temp. E. Hausmann, and 
E. EallGOwdqr have studied the pyrodectrical efleoti produced by the crystals. 

According to C. H. Pfa6f, hexahydrated ammonium' magnesium phosphate loses 
a min onia when exposed to air at oidmary temp. ; and, according to G. F. Waoh, 
VOL, IV. ^ 2 0 
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it loses both water and ammonia when dried for several days in vacuo over cone, 
sulphuric acid, T. Graham reported that when heated to 100°, in a retort, it loses 
five-sixths of its water of crystallization but no ammonia, while H. Struve main- 
tained, on the contrary, that some ammonia is evolved ; L. Chevron and A. Droixhe 
stated that the residue left on drying at 100° is iNH3.2Mg0.P206.2iH20. P. Griess- 
mayer reported that the hexahydrate loses some ammonia when boiled with water. 

K. Bube found the transition temp, for the conversion of the hexahydrate to 
monohydrated ammonium magnesium phosphate* Mg(NH4)P04.H20, under 
wat(ir is between 48° and 49°; and under its own mother liquid, between 56° 
and 57°. A. Millot and L. Maquenne boiled equimolar proportions of MgS04 and 
(NH4)2HP04, and found that the normal pho8j)hatti, Mg3(P04)2, is first formed, and 
that this then takes up ammonia and water, forming plains and cubes of the mono- 
hydrate, Mg(NH4)P04,H20. The crystals are not doubly refracting, they remain 
unchanged at i(X)°, and dissolve neither in water nor in a soln. of ammonium citrate. 

According to A. F, de Fourcroy and J. J. Berzelius, when hexahydrated 
ammonium magnesium phosphate is strongly heatt'd, it loses all its ammonia and 
water and is rc'duced to a powder which fuses at a higher temp, forming a clear 
gla8.s of rnagiu'sium pyrophosphate ; if, when all the water and ammonia have been 
expelled at a moderate heat, the residue be subsequently exposed to a greater 
degree of heat, it becomes slightly incandescent in consequence of an intramolecular 
changi!- according to 0. Popp, owing to the passage of the pyrophosphate from a 
crystalline to an amorphous condition — because no change in weight can be detected 
before and after the material has glowed. H. iStruve, and 0. Popp found that the 
incandeH(;ence occurs if tht* magnesium pyrophosphato be contaminated with cal- 
cium or other magnesium compounds, and, particularly so, with silica. Analyses 
confirmatory of the conversion of the double .salt into magnesium pyrophosphate : 
2Mg(NH4)P04.6H20-»Mg2P2^7H-2NH3-f-13H20, were made by G. F. Wach, 
A. Kiflault, V>, Lindbergson, J. J. Bergson, F. Stromeyer, 0. H. Pfafi, etc. The 
hexahydrated magnesium ammonium phosphate precipitated in analysis is weighed 
as magnesium pyrophosphate, 

J. .1. Berzelius said that hexahydrated ammonium magnesium phosjihate is 
slightly soluble in water, and C. R. Fri'senius found that a litn* of water at 10° 
dissolves 0‘065 grin, of ammonium magn<‘sium phosphate, K. Ebermayer gave 
0 074 gnu. per litre at 2()-5°-22-5° ; J. von Liebig gaveO- 107 grm, ; and J. A. Volcker, 
0*106 grm, P. Wenger gave for the solubility of NH4MgP04 in grams per litre at 
iliflerent temp. : 


NH^MgPO* 


0* 20’ 40’ 60’ 60’ 70’ 80’ 

0-023 0062 003(> 0030 0040 0-016 0019 


1’he irregularity in the results shows that equilibrium was not attained. The results 
are also probably complicated by hydrolysis, and by the transition from the hexa- 
to the mono-hydrato. K. Bube also measured the solubility of the mono- and 
hexa-hydrates in water. The double salt is much less soluble in wator containing 
ammonia, thus, C. R. Freseuius found a litre of an aq. soln. of ammonia dissolves 
0*0226 grm. of the double salt ; while, according to F. G. Jorgensen, the solubility 
of the double salt in 2J per cent. aq. ammonia is approximately eq. to 0*0006 grm. 
MgO per litre ; and, according to C. Stiinkel, T. Wetzko, and F. Wagner aq. soln. of 
1, 2, and 3 per cent, ammonia dissolve respectively the eq. of 0*00050, 0*00023, and 
0*00008 grm. of MgO. E. hlbermayer found that between 20*5° and 22*5°, a litre 
of aq. ammonia dissolves : 


Percent. NH, .0 1 98 248 496 6-64 743 9-91 

Grm. (NH 4 )MgP 04 . 0-0741 0 0322 0*0272 0 0232 0 0221 0 0191 0 0164 


The solubility increases with rise of temp. Expressing the results in grams of 
NH4MgP04 per 1000 grins, of a mixture of one part aq. ammonia (sp. gr. 0*96) and 
4 parts of water, P. Wenger found : 


(NH.lMgPO* 


0’ 20’ 40’ 50’ 00’ 70’ SO’ 

0-087 0-098 0-130 0 163 0 174 0 178 0146 
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The decrease in the solubility at the higher temp, may be connected with the transi- 
tion from the hexa- to the mono-hydrate. C. R. Fresenius found the double salt is 
more soluble in the presence of 20 per cent, ammonium chloride, for a litre of the 
soln. dissolved 0132 grm. of the double salt. F. G. Jorgensen also noted that the 
solubility of the double salt is increased in the presence of ammonium chloride, so 
that a litre of 2J j)er cent, ammonia with a gram of ammonium chloride dissolves 
the eq. of 0 013 grm. of MgO. P. Wenger gives for the solubility of the double 
salt in a 5 per cent. soln. of ammonium chloride, in grams of NH 4 MgP 04 pc'r 10(K) 
grms. of solvent : 

0 “ 20 * 80 “ 40 * 50 * 60 * 70 “ 80 “ 

NH4MgP04 0 60 1 06 M3 0-71 003 1-73 1 24 101 

Here again there Ls every indication that equilibrium was not attained. When 
the ammonium chloride soln. of the double salt is boiled, K. Kraut found that 
ammonia is evolved. According to 0. R. Fresenius, a litre of a soln. of ammonium 
chloride and ammonia dissolved 0 064 grm. of the double salt; P. Wenger from 
100 grms. of a 5 per cent. soln. of ammonium chloride with 4 of ammonia per 1(H) 
dissolved 01 65 and 0 27 i grm. per litre at 20"* and 60'’. P. Wengers values for the 
solubilities of the double salt in a 5 per cent. soln. of ammonium nitrate res^mible 
those with ammonium chloride : 

' 0 “ 20 * 30 * 40 * 50 * 60 " 70 “ 80 " 

NH^MgPO^ . .MO 0 46 064 064 072 0-86 0 83 1 01 

J. von Liebig found that an aq. soln. of ammonium sulphate containing 2’2, 3 (1, 
and 10 grms. (Nlf 4 ) 2 S 04 per litre, dissolved respectively ()'()717, 0 ll.'K), and 0147 
grm. of the double salt. A. Bobs found that 2 grms. of h(‘.xahydrat('d ammonium 
magnesium ])hosphate in contact with 100 c.c. of a soln. of ammonium citrate (4(H) 
grms. citric acid per litre) loses, by soln., 0-457 per cent. In weight at ordinary temp., 
and o-.)87 per cent, at 505 A. Millot found a boiling soln. of ammonium citrate! 
dissolves the double salt, which re-crystallizca out on cooling. J. Ville noted that 
a soln. of ammonium citrate di.'^.solves only traces of the double salt, while soln. of 
calcium citrate dissolve larger amounts. J. von Liebig found that water containing 
2 grms of sodium chloride per litre dissolve's 0 1234 grm. of tin! double salt per litre, 
and an a(| soln. containing 3 grms. of sodium nitrate jier litre dissolvi's () ()J)31 grm. 
of the double salt. When tlio double salt is jireeipitaO'd in the presenci' of alkali 
salts, the latter arc occluded or adsorbed and the resulting increase in weight- more 
than counterbalances the solubility losses. 

Hexahvdrated ammonium magnesium phosjihate is rc'adily soluble in acetio aoid 
and in other dil. acids, and, as C. H. Pfaff shovsed, the dissolution is aiTompanied bv 
partial decomposition, J. von Liebig found a litre of water sat. with carbonic acid 
dissolves 1-425 grms. of the double salt ; B. W. Gerland studied thr solubility of the 
double .salt in sulphurous acid. According to A. Marcet, a soln. of the double salt 
in hydrochloric acid, wlien evaporated to dryness and heated, furnishi's a sublimate 
of ammonium chloride. When digested with glycerol, especially at an eh^vated 
temp., the ammonium double salt is converted into magnesium liydrophosphat<\ 
According to M. Marcher, and P. Griessmayer, when the double salt is boiled with 
magnesium oxide, part of the ammonia is expcdled ; and C. H. Pfaff found that 
the fixed alkalies liberate ammonia from the double salt, although H. Rose found 
the salt is but incompletely decomposed by ftlkali carbonates. C. H. Pfaff found 
that when ignited with carbon, some phosphorus is evolved. H. Struve, and 
R. Weber found that when ignited in the presence of reducing agents —c g. carbon, 
hydrogen, unhurnt gases from the source of heat, cto.— at a high t/<*m])., phosphorus, 
phosphorus oxide, or hydride are evolved, and, as shown by W. (J. Heraeus, 
W. P. Headden, etc., these vapours attack the platinum crucible. 

A rare mineral found in the quartz and clay slate of Hollgrabim in Salzburg 
(Austria), and having a superficial resemblance to toj>az,4 was shown by J. N. von 
Fuchs to be a magnesium fluophosphate, and was named wagnerile. A. Breithaupt 
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called it pleurodoH. Analyses by J. N. von Fuchs, and C. F. Rammelsbeig are in 
agreement with the formula, Mfo{P 04 ) 2 .MgF 2 . P. Groth regards it as a salt of 
orthophosphoric acid, Mg(MgF)P 04 ; and G, Tschermak as a salt of HMjg 2 P 04 , 
namely, % 2 ®' jP 04 , in which the hydrogen can be replaced by fluorine : 



*!*^po4-f 

Mg/ 


Monociinic crystals, with a composition approximating to wagnerite, were found by 
A. Scacchi near Massa di Somma and San Sebastiano (Vesuvius), and regarded as 
a distinct mineral species which was called cryphiolile ; bufF. Zambonini showed 
that cryphiolite and wagnerite are really the same. F. von Kobell found a mineral 
at Kjerulfin, near Bambe (Norway), which he regarded as 2 Mg 8 (P 04 ) 2 .CaF 2 , and 
named kjerulfinet but G. C. Wittstein, M. Bauer, and W. C. Brogger and E. Reusch 
showed that the optical properties of kjerulfine are identical with those of wagnerite, 
and this conclusion is in agreement with analyses by F. Pisani, C. F. Rammelsberg, 
F. Friederici, etc. It is probable that calcium can replace magnesium in wagnerite, 
forming calcium-wagnerite, and these have been synthesized by H. St. C. Deville 
and H. Caron, etc. H. Winter prepared strorUium-wdgnerite and harium-wagnerUe. 
H. St. C. Deville and H. Caron also prepared chloro’wagnerite in which the fluorine 
is replaced by chlorine ; and ferro-wagnerite and niangano- wagnerite, where ferrous 
oxide and manganous oxide respectively replace the magnesium oxide of normal 
wagnerite. A. Ditto has made an analogous series of bromo-wagnerite ; while 
H. Debray, and H. Lechartier prepared arsenico-wagne^rite, and P. Hautefeuille, 
vanadium wagnerite. 

In H. St. C. Deville and H. Caron’s synthesis of normal wagnerite, 132 parts 
of ammonium dihydrophosphate and 60 parts of magnesium fluoride were heated 
with a great excess of magnesium chloride in a carbon crucible at a red heat. The 
soluble matter was leached with water from the cold mass ; by fusing one part of 
calcium fluoride with ten parts of normal magn(‘sium pho8phat<‘ and a largo excess 
of calcium chloride, calcium chloro-wagnerite was formed : (Ca, Mg) 8 (P 04 ) 2 . 
(Ca, Mg)(F, Cl) 2 . H. Winter made wagnerite by melting equimolar parts of normal 
magnesium phosphate and magnesium fluoride. 

The colour of wagnerite is yellowish- or reddish-white. The prismatic crystals 
are holohedral, and belong to the monoclinic system with axial ratios a:b:c 
=1*9145 : 1 : 1*5059, and j3=7r 53'. The specific gravity is 3 07 to 3*15 ; J. N. von 
Fuchs gave 313 at 15° ; C. F. Rammelsberg, 3*026 at 15° ; F. Pisani, 3*12 ; F. von 
Kobell, 3*15 ; and H. St. C. Deville and H. Caron, 312 for artificial wagnerite. The 
hardness is 5 to 51. Wagnerite fuses in the blowpipe flame to a grey glass. The 
double refraction is negative ; the dispersion feeble ; and, according to M. Levy 
and A. Lacroix, the indices of retraction are a=l*569 ; j8= 1*570 ; and 1*582. 
The mineral is soluble in nitric and hydrochloric acids. 
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§ 21. Magnesium Hydropbospbates 

Anhydrous inagnesium bydropbospLato, MgHP04, has not been made, but four 
hydrates have been reported, MgHP04.nH20, where n is 1, 3, 4J, or 7. Magnesium 
hydrophusjdiate oeeurs in biunan faeces ; and trihydrated magnesium hydro- 
phosphate occurs as a guano mineral, newberyite. A specimen of the latter from 
the bat guano in the Skipton Caves (Victoria), was reported by G. vom Rath,^ 
and R. W. E. Maclvor ; while a mineral, which appeared to be a mixture of 
iKJwberyite and struvite, from Quarz Creek (Dawson City, Yukon), was analyzed 
by G. C. Hoffmann. 

A. de Schulten * obtained microscopic crystals of monohydrated magnesium 
bydrophosphate» MgHP04.H20, by heating a soln. of magnesium carbonate in an 
exc(!S8 of phosphoric acid for some hours in a scaled tube at 225'^ A. F. de Fourcroy, 
A. Riffault, T. Graham, L. Schaffner, and C. G. Reischauer prepared trihydrat^ 
magnesium hydiophosphate, MgH?04.3H20, in needle-like er)^Htal8, by the 
n\ixing of a soln. of, say, 2 })arts of magnesium 8ul])hate in 32 j)arts of ;\ater, with 
3 parts of decahydrati'd disodium hydrophosphat<‘ in 32 parts of water, and allowing 
the Soln. to stand 24 hrs at a temp, above 36‘". H. Itose stat^'d that if very dil. 
soln. an* employed, the normal phosphate is produced. H. Debray made this 
eonij)oimd by nc'utralizing an a<j. soln. of phosphoric acid with magn(‘sium carbonate*, 
the pn'cipitated heptahydrab* was tiltered off. On boiling tin* filtrate, small 
crystals of this salt sejiarated from the soln. H. Struve added that only the trihydrate 
is produced if the boiling soln. of phosphoric acid is treated with magnesium oxide 
or carbonat(*, until the licjuid has only a f(*«*ble acid reaction. J. Stocklasa made 
the trihydrate^ by heating dihydrated magnesium tetrahydrophosphate in tlie solid 
state or in alcoholic soln, at UK)'’. R. W. Gerland also made the tnhydrate from a 
soln. of the normal phospliate in suljihurous acid. A. de Schulten mixed a soln. of 
1() grms. of heptahydrat(*d magn(*sium sulphate in 120 c.c. of water with a soln. of 
20 gnus, of diammonium hydrophosphate, 10 grms. of ammonium siiljihate, and 
12 grms, of jihosphoric acid in 80 c.c. of water, and in 24 hrs. obtained crystals of 
struvite, Mg(NH4)l*04.()II.X), which when left in contact with the mother liquid 
did not changi* ; but when a more cone. soln. of thi; magnesium sul])hat(' was 
(*mploy«*<l, a mixture of crystals of struvite and newberyite, MgHP()4.3H.20, was 
fornu'd, and when allow(*d to stand in contac't with the mother liquid, tin* latter 
increased at the expense of the former. 

According to F. K. (Cameron and J. M. Bell, wh(*n mixtures of phosphoric acid 
and magnesium oxide are agitated for two months, the clear soln. contains, per 
litre, at 2.')'’, 

MgO . 0-207 2-23 2000 76-5 122-6 140 100 87 1 70 0 

l:*/)^ . 0-480 7-36 03-09 281-8 498 023 700 779 0 836 1 

Sp.gr. . - 1-000 1-109 1-286 1-470 1 696 1-020 1-064 

Solid phasoa M8nP()4 8U5,0 MR(H2r()4).«H.j(l 

The grajdi of the ri'sults is shown in Fig. 29 in connection with magnesium 
dihydrojihosphate. 

H. Debray i-laimed to have made crystals of euneahemihydrated magnesium 
h]rdrophosphat6} MgHP04.4pl20, by allowing magnesium carbonate to stand 
for some days in contact with phosphoric acid. A. F. de Fourcroy, T. Graham, 
( 1 . G. Reischauer, A. Riffault, and L. Sc-haffner prepared heptahydrated magnesium 
hydrophosphate, MgHP04.7lI.)0, by the process employed for the trihydrate, 
but keeping the mixture at a temp, below 36®. T. Bergmann probably also made 
this salt by evaporating a soln. of magnesium oxide in phosphoric acid, and J. J. Ber- 
zelius by evaporating a mixed soln, of magnesium acetate and phosphoric 
acid. L. Chevron and A. Droixhe prepared the heptahydrate by digesting a 
sohi. of potassium dihydrophosphate with magnesium oxide or hydroxide, and 
allowing the filtered soln. to stand at ordinary temp. According to J. Percy, 
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the amorphous precipitate of the heptahydrate becomes crvstAlline when exposed 
to the action of carbon dioxide. 

The crystals of the inonohydrate wert' stated by A. de St'hulb'n to behave in 
polarized light as if they belonged to the rhombic system, but that they are really 
monoclinic twinned complexes, and 
resemble the trihydrated pyro- 
]»ho8phate. The trihydrate forma 
acicular crystals or rhombic six-sided 
plates, which, in the natural state, 
according to A. Schnydt, belong to 
the rhombic system, and have the 
axial ratios a:h: c=0*9548 : 1 ; 0-9360. 

The heptahydrate also forms small 
six-sided columnar or acicular crystals 
which, according to K. Haushofer, 
are monoclinic prisms with axial 
ratios a \ b \ c -0 4451 : 1 : 0'2177, and 
-94 ' KS'. A. de 8chiilten found 
that the specific gravity of th<‘ mono- 
hydrate IS 2'326 at lb"" ; the natural 
tnhydrati', according to A. Sehinidf, 
has a sp. gr. 2*10, and hardness 3. 

A. de Schulten stated that the monohydrate loses no wabT when lu'uted to 
KK)"'. According to H. Struve, the trihydrati! loses water when lu'ated above 
KK)", while T. Graham found that the trihydraU- loses its wat(>r of crystallization 
at 170°, and at a higher teni]). it forms the ])yrophosphate. T. Graham, and 
L. 8chal!ner found that the heptahydrate ra})idly eflloresces in dry air, and loses 
three-sevenths of its water of crystallization at l(jO°, and at a higher temp, the 
jiyrophosphate is formed , according to A. F. de Fourcroy, the salt melts to a 
transfiarent glass when heated to a still higher temp. II. Struve found that the 
heptahydrate, according to the mode of prejiaration. los<*s 4 to 4-5 niols of water 
at 1(X)°. C. G. Reischauer stated that when the h(‘j>tahydratt% dried over su]})huric 
acid, is heated in a closed vessel, it passes into the tnhydrate, and appears to become 
moist; but the undried heptahydrate loses 5'5 mols ovit sulphuric acid, and the 
product does not absorb quite enough water to produce the trihydrate when it is 
exposed to moist air. According to M. Bertludot, the heat ol lormatioil of 
crystalline MgHP 04 from its elements is 413‘G Cals , and from magnesium sulphate 
and disodium hydrogen phosphate is —0 79 Cal. when the amorjihous salt is 
produced, and when this becomes crystalline, TBO Cals, are set free, so that the 
total h('at of formation of the crystalline salt is 1 'Ol Cals. The heat o! neutralization 
of phosphoric acid with magiK'sium hydroxide to form MgHP 04 is 25-30 or 27' 10 
Cals, depending on whether the amor[)hou8 or crystalline salt is produced. 
A. Schmidt found newberyite has the index ol retraction fip—l bVM for Na-light, 
and the double retraction is positive. P. Bary stated that the hejitahydrate does 
not fluoresce either in X-rays or in BecquerePs rays. 

According to H. Struve, 100 parts of water dissolve 0 025 jiart of the trihydrate ; 
and F. Graham found that after several days’ digestion KX) parts of cold water 
dissolve 0-3106 part of the heptahydrate ; the soln. becomes turbid at 49°, and 
milky at 100° in consequence of the separation of the unchanged salt ; a boiling 
sat. soln. contains 0'2008 part of the salt in 100 parts of water. Any salt which has 
been deposited from the soln. by raising the temp., is re-deposited on cooling, 
L. Schaffner found that digestion with boiling water frequently renewed converts 
the hydrophosphate into the normal salt (q.v.), and the soln. contains the dihydro- 
phosphate, Mg{H 2 P 04 ) 2 . H. Debray also heated the hydrophosphate with water 
in a sealed tulic at 120°, and obtained the normal salt. A. RifTault, however, said 
that boiling water decomposes the hydrophosphatc into a soluble acid salt and an 
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insoluble basic mlt. Accoiding to T. Gbabam, magnesium bydropbospbato u 
mMb mre soluble in water containing a faace. of one of tbe aoWs-pbospboric 
sulpbunc, hydtocblonc, nitric^ oxalic, or acetic acid-and tbe soln. thus obtained 
doM not berome turbid when boiled. Vide eupra for B. W. GerUnd’s observations 
on the solubility of magnesium hydrophospbate in lulphaioas mM. C. A. lesuenr 
found that precipitated hydrophospbate absorbs ammooia, and is transformed into 
ammonium magnesium phosphate ; A. Pavesi and E, Rotondi said that the absorp- 
tion 18 incomplete ; and H. Lutschak, that the precipitate dried at 100° does not 
amrb ammonia. According to A. Joannis, when magnesium hydrophospbate is 
left for three days in contact with liquid ammonia, only an inshmilicant amount is 
absorbed. 

nu prepared dihydrsted magnesinm dibydrophoephato, MglHjPOi),. 

2^0, by digesting on a water-bath magnesium oxide in a cone. soln. of 
phosphoric acid of sp. gr. 1'4, so that the product contains from 5 to 7 per cent, of 
free phosphoric acid ; the soln. is evajiorated until crystallization begins, then 
cooled, and the crystals washed with ether, pressed between filter-paper, again 
washed with ether until no more phosjihorio acid is removed, and then dried in a 
s^earn of air. K. K. Cameron and J. M. Bell treated trihydrated magnesium hydro- 
phosphate with fwln. of phosphoric acid of varying cone. The stable solid in contact 
with the more dil. soln. is MgHPO^.'lli^O, but with cone. soln. containing over 700 
grms. ^2^6 litre, the solid phase is Mg{H2P04)2.wH20. The observed results 
are indicated in connection with magnesium hydroiihosphate. For soln. in contact 
with magnesium hypophosphate the proportion of magnesium oxide in soln. increases 
regularly with increased cone, of phosphoric acid, whilst for those in equilibrium 
with the latter salt, the cone, of magnesium oxide diminishes with increasing 
phosphoric acid cone. Some evidence has been obtained that a magnesium 
phosphate more basic than the diphosphate exists at 25° in contact with very dil. 
soln. of phosphoric acid. 

The radial aggregates of the cry.stal8 are not particularly hygroscopic, they 
absorb about one per cent, of water from the air of a room, and from an atm. 
sat. with water- vapour, in 24 hrs. 6-7 per cent, of water which is given off again 
in dry air. When dehydrated at 10()°-170°, J. Stoklasa found that anhydrous 
magnesium dihydrophosphate, Mg(ll2P04)2, is formed as a white opaque crystalline “ 
mass, which remains unchanged in air, and is non-hvgroscopic. At 175°, the 
dihydrophosphate decomposes : 4Mg(H2P04)2=3Mg(H2P04)2+MgH2P207-l-H20 ; 

4 Mg(H 2 P 04 ) 2 -= 2 Mg(H 2 P 04 ) 2 + 2 MgH 2 P 207 -|- 2 H 20 ; at 196°, 4 Mg(H 2 P 04)2 
— Mg(H 2 P 04 ) 2 -|- 3 MgH 2 P 207 -f- 3 H 20 ; and at 205°, 4 Mg(H 2 P 04 ) 2 = 4 MgH 2 p 207 
mfra for the dihydropyrophosphate— lOO c.c. of water dissolve 20 
grms. of anhydrous dihydrophosphate, without decomposition, and thus the 
behaviour is different from the corresponding calcium salt ; nor does an aq. soln. of 
magnesium dihydrophosphate decompose at 60° ; but with alcohol the salt is 
decomposed ; Mg(H 2 P 04 ) 2 . 2 H 20 -f H 20 =MgHP 04 . 3 H 20 -hH 3 P 04 ; the reaction 
progresses rapidly at 100°, and with a great excess of alcohol is quantitative. 
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§ 22. Magnosiam Pyrophosphates 

When magneaium hydrophoaphate or ammonium magnesium phosphate is 
heated, normal niagtfesiiim pyrophosphate, Mg 2 P 207 , remains as a tranaparont 
glass. Z. Karaoglanoff and P. Dimitroff ^ found that if the ammonium magneaium 
phosphate is precipitated slowly while boiling, the conversion to pyrophosphate 
by ignition is not attended by incandescence ; the converse obtains if the salt is 
precipitated rapidly at a lower temp. Traces of organic matter are also necessary 
for the incandescent effect. According to H. Rose, an aq. soln. of pyrophosphoric 
acid gives a precipitate of trihydrated magnesiam pyrophosphate, Mg 2 P 2^7 
—according to the analyses of the cry.stalline and amor|)hou8 salts by A. Scliwarzen* 
berg— when added to a soln. of magnesium sulphate in the ])re8ence of ammonium 
chloride and ammonia ; this salt is soluble in mu(;h water ; while normal sodium 
pyrophosphate gives a precipitate with magnesium sulphate^ which is soluble in an 
excess of both agents ; when the mixture is boiled, a precipitate again forms which 
does not redissolve on cooling. G. F. Wach stated that sodium dihydropyro- 
phoaphate gives no precipitate with magnesium sulphate until further addition of 
ammonium carbonate, and the precipitate which is then formed contains but a 
trace of ammonia, and is dissolved by an excess of either magnesium sulphate or the 
sodium dihydropyrophosphate. According to A. Schwarzenberg, when a soln. 
of magnesium oxide in one of sodium dihydropyrophosphate is heated, gelatinous 
magnesium pyrophosphate, resembling aluminium hydroxide, separates out ; when 
this is dissolved in sulphurous acid, and boiled, it appears as a crystalline powder. 

0. Andersen found that colourless glass-liko tabular CT^tals were readily 
obtained by cooling fused magnesium pyrophosphate ; the monoclinic crystals 
have the axial ratios a:b: c=0'7947 : 1 : 10880, and jS— 75° 49'. By twinning, 
the crystals often approximate to the rhombic form. Z. Karaoglanoff and 
P. Dimitroff said that if the pyrophosphate is produced with incandescence by the 
ignition of ammonium magnesium phosphate, it is hard, grey to black, and lava-like; 
if not produced with incandescence, it is an amorphous powder, loose in texture. 
F. W. Clarke found the SPOCiflc gravity of the anhydrous, probably amoq)hou8, 
normal pyrophosphate is 2*569 at 18°, and 2*598 at 22° ; H. G. F. ^hroder gave 
2*20. 0. Andersen showed that the crystals have a sp. gr. 3 058 at 2r)°/4°. The 
hardness is a little below' 4. A. Schwarzenberg noted that both the amorphous 
and crystalline salt lose all the water of crystallization at 100°. 0. Andersen 

measured the indices of refraction for Na-light, and found /x„— 1*615 + 0*003; 
/X(s— 1*604 ± 0 003 ; /Zy=l ‘602 ±0'(X)3; and the maximum positive double refrac- 
tion is a— y=0 013± 0*005. P. Bary stated that the salt does not fluoresce when 
exposed to the X-rays, or to Becque^’s rays. 

H. Struve found that when heated white hot in a stream of hydrogen, magnesium 
pyrophosphate is reduced developing phosphorus and phosphine. C. R. Fresenius 
stated that the salt is easily soluble in hydrochloric acid ; while T. Graham said that 
it is dissolved with difficulty by that acid. According to R. Weber, and C. R. Fre- 
senius, magnesium pyrophosphate is not completely precipitated as ammonium 
magnesium phosphate, when the acid soln. is neutralized with ammonia. R. Weber 
stated that when boiled with gulphoric acid, it is converted into the normal salt, 
while H. Pellet stated that it is transformed into magnesium pgrosulphophosfhate. 
Magnesium pyrophosphate is readily dissolved in nitric acid, and the soln. behavw 
towards ammonia like the soln. in hydrochloric acid. According to D. Campbell, 
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tlie soln. in nitlic add iuinislieB crystals of magnesium nitrate when evaporated 
to a syrupy consistence by standing over cone, sulphuric acid ; and, according to 
E. Luck, if the soln. is evaporated to complete diyness, a white gum-like mass 
remains which has an acid reaction, and which is regarded by D. Campbell, and 
E. Luck, as a magnesium nitritophosphate, 2MgO.H2O.P2O5.NO2. H. Rose found 
that the pyrophosphate is complt?teIy converted into the normal phosphate by 
fusion with sodium carbonate. 

According t<) J. Stoklasa, when magnesium dihydrophosphate is heated to 205°, 

magnesium dibydropyiophosphate, %H2P207, is formed; and he also found 
when Mg(H2p04)2.2H20 is heated for 2 hrs. at 

210“ 220“ 240* 260* 280° 295* 803° 

Far cent. Iosh . . 22 4 22 42 23 28 23 64 23-66 26-99 28-60 

The calculated loss for the formation of Mglf2p207 is 21 26 per cent, and for 
Mg(P08)2, 28 35 jier cent. 

A. Peer, and H. Imdwig ])repared sodium magnesium pyrophosphate by 
gradually adding magnesium chloride to a boiling soln, of sodium pyropliosphatt*. 
The amorjihous precipitati* is washed with wat«T containing ammonia. The 
precipitate is soluble in water, and readily .soluble in hydrochloric or nitric acid ; 

J. P. Pi'rsoz, and A, Schwarzenberg obtained a simdar precijiitate which dis.solved 
in an excess of the sodium yiyrophosphate furnishing a li(iuid which soon became 
turbid and congealed to a gelatinous solid on standing. L. Ouvrard olitained 
crystals of Na2MgP207 by slowly cooling a soln. of magnesium oxide, chloride, or 
phosphates in fused sodium orthophosphate or pyroplio.spliate, and extracting the 
mass with water. Tlu' dendritic ciystals probably belong to the cubic system ; 
their sp. gr. is 2‘2 at 20'". K. A. Wallroth obtained transparent jirisms with the 
composition Mg joNa 15(1^07)9 by dissolving the metallic o'cide in microcosmic 
salt heated to a bright red heat ; the glass .so formed is maintained in a state of 
fusion until the crystals have separated out. On cooling, the mass is digestisl with 
wat<‘r, and then with dil. hydrochloric acid. L. Ouvrard obtained the same com- 
pound. The transparent prisms are probably monoclinic ; their s]). gr. is 2‘7 at 
20" ; they fuse to a transjiarent glass ; and are readily soliibh' in acids. M. Berthelot 
and G. Andre jireimred the triple salt ammonium sodium magnesium pyro- ' 
phosphate, (NIf4)3NaMg(|{l’207)4, by precipitation from a soln. of normal sodium 
pyrophosphate with magnesia mixture ; the precipitate is dissolved by adding a 
great excess of ammonium chloride, and the soln. acidified with acetic acid. When 
boiled for a long time, the compound in question separab's out. It is in.soliible in, 
and undecomposed by water; but a prolonged washing with acetn- acid extracts 
magnesium. No ammonia is lost at 110°. There is doubt about the individuality 
of those products. 

T. Floitmann and W. Henneborg • propan-d magnesium tetraphosphate, 3MrO. 21 * 205 , 
by precipitation from a soln. of magnesium sulphate by adding the Hoduim salt ; or by 
fusing together the salts and lotiehing the product with water. Tlie white insoluble crystal- 
line powder becomes insoluble in acids when heated to a high enough temp. JM. Stange 
prepared sodium magnesium triphosphate, Na 3 Mgl*, 0 ,o.l 3 H 20 , by adding a soln. of 
ma^osiuin chloride to one uf sodium tnphosphnto until a pennanent precipitate begins to 
form ; this is quickly redissolved by the addition of sufficient triphospiiate, and the salt 
tlion at once commences to separate. It crystallizes in very slender needles, is decomposed 
by exposure to air, losing water of crystallization, and, when heated, intumesces like borax, 
and melts at a red heat to a clear gloss easily soluble in acids. 
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§ 23. Magnesium Metaphosphates 

According Ui H. .Maddrell,! magnesium metaphosphate fonncd by dissolving 
inagncsiuiu carbonate in an excess of dil. pliosplione aei<l. evajiorating the soln. to 
dryness, and heating tlu‘ residue to ; or, according to .1. Stoklasa, by heating 
magnesium ilihydrophospliate to It a])pears as a glassy ma.ss, which, according 

to T. Kleitmann, is not clianged by digestion for a day with soln, of alkali < arbonate 
or pliosphati', and it is therefore not clear to winch particular mctapliosphub' tliis 
prodiK t belongs. 

A. Olatzel made anhydrous magnesium dimetaphosphate, Mgp.d )fl, by C vajiorat- 
ing a soln. of magnesium carbonate m aij. phosphoric, acid, with about one per 

I’cnt. Ill e.xccss, first on a water-bath, then on a sand-hath, and linally at 4(X)'\ 

Ihe pulveriz(‘d mass was washed with cold water slightly aciditied with nitric acid, 
I lie ri'sulting crystalline powder is strongly attacked by Huljihurie, nitric, or hvdro- 
ehlorie a< id, T. Fleitmann ])repared ^drated magnesium dimetaphosphate, 
Mgl^Og where 71=4 according to A. Glatzel, and 4 r) according to T. Floit- 

maini by mixing cone. soln. of bis ammonium dimetaphosjiLate, (NH 4 )oP 2 ()g, 
with an ('x<css of magiK'sium chloride, and allowing the mi.xture to stand for sonn* 
time. The resulting cry.stals do not dissolve in w^ater, an<l an* not decomposed by 

acids , but cone, sulphuric acid was found by A. Glatzel to dissolve rmidily the salt, 

forming, when boiled, normal jdiosjihoric acid, T. Fleitmann found that the. 
calcined salt is not changed by soln, of alkali carbonuti's or pho.spliates. At KX) , 
the hydrated salt loses about li per cent, of water, and the remainder on calcination. 
T. Fleitmann stated that some phosjihoric oxide is lost at the same time, but 
A. Glatzel said that this is wrong, 

A. Glatzel prepared tetrahydrab^d sodium magnesium dimetaphosphate^ 
NaoMg{p20g),2.4H20, as a crystalline jiow’der by mixing cone. soln. of sodium 
dimetaphosphate and magnesium chloride. Tin* complex salt lo.si’.s its water of 
crystallization completely at a dull red heat, sinb'rs at a higher temp , and passes 
without melting into jiolymcrized phosjihoric acid. Before calcination, the salt is 
readily soluble in .suljihuric, hydrochloric, and nitric acids, but after cone., it is 
.sohibh! only in cone, sulphuric acid. KX) c.c. of water dissolve 4 grins, of the 
salt. A. Glatz(‘l ])repared the corresponding ktrahydrab*d potassium magnesium 
dimetaphosphate, K2Mg(p2O0)2.4H2O, in a manner similar to that employed for 
the sodium salt. It loses its water of crystallization at 1130'^, and after heating to 
redness, it is not affected by soln, of alkali carbonates. It does not fuse at a bright 
red heat. 100 parts of water dissolve 9’84 parts of salt. The salt is readily 
decomposed by acids — jiarticularly boiling sulphuric acid — forming phosiihoric 
acid. According to L. Ouvrard, when magnesia is dissolved in ])ota8sium meta- 
phosphate, the sole product is the compound K 2 Mg 2 (P 20 fl) 3 , which crystallizes in 
large, monoclinic prisms, very soluble in dil. acids; sji. gr. at 20°=2'4. It is 
analogous to the double magnesium sodium phosphate obtained by T. Fleitmann 
and W. Henneberg in the wet way. 
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' T. Fleitmann prepared hydrated ammodrinill m>gnillhlin dimetl^hOfphite, 
(NH 4 ) 2 Mg(P 20 o )2 wH 20 , by mixing eoln. of ammonium dimetaphosphate and 
nu^esium chloride. A. Glatzei found the crystals lose all their water at 150®. 
T. Fleitmann said that the hydrate contains 6 mols of water, and effloresces in air ; 
au coniraire, A. Glatzei said the crystals contain 4 mols of water, and do not lose 
weight even when confined over cone, sulphuric acid. The latter also stated that 
the crystals lose ammonia at a dull red heat, and at a bright red heat, phosphoric 
oxide ; at a still higher temp, the product melts and forms magnesium tetrameta- 
phosphate. The double salt is easily attacked by acids. 

According to G. F. Waoh, when a soln. of recently ignited metaphosphoric acid in aq. 
ammonia is ^ded to one of magnesium sulphate, the precipitate first formed is redi^lved 
so long as an excess of the latter is present, but when the former is in excess, the precipitate 
remains undissolved. Alcohol precipitates the portion still remaining in soln. An excess 
of magnesium chloride, nitrate, or acetate gives the same precipitate, but does not disrolve 
it so readily. The precipitate forms feathery flakes whnm unite to form a stringy viscid 
mass which, after Iraing washed with water and dried, becomes transparent and brittle 
like glass. When the product is heated in a glass tube, it swells up, forming an opc^ue 
spongy mass with the evolution of water at firet, and afterwards ammonia. The residue 
ooes not fuse at the temp, at which glass softens ; it dissolves in water with difficulty to 
form a soln. with an acid reaction, but is itself slightly soluble in acids. The undecomposed 
ilouble salt dissolves somewhat freely in cold water, but is precipitated on the addition of 
alcohol. The cold soln. has an acid reaction towards litmus, and deposits the salt as a 
viscid mass, when heated, but re-dissolves it on cooling. In boiling water, the salt swells 
to an opaque frothy mass, without any considerable proportion passing into soln. The 
analyses of the double salt do not correspond with a definite magnesium ammonium meta- 
or pyro-phosphate. 


G. Tammann has argued that the so-called magnesium dimetaphosphate is 
really hydrated magnesium trimetaphosphate, Mgs(Ps0g)2.14H20. 0. G. Lindbom 
prepared dodeca- and pentadeca-hydrated trimetaphosphates by crystallization from 
a mixed soln. of two parts of hexahydrated magnesium chloride, and one part of 
sodium trimetaphosphatc, at 20° to 30° — either the one or the other hydrate appears. 
When the crystals are dried on the water-bath they retain about 10’5 mols of water, 
which is all lost at a red heat, without melting. The residue is insoluble in boiling 
hydrochloric acid. The salt is sparingly soluble in water, and the soln. is neutral. 
When the aq, soln. is treated with aq. ammonia and normal sodium phosphate, the 
salt is precipitated. T. Fleitmann and W. Henneberg, and C. G. Lindbom have 
prepared sodium magnesium trimetaphosphate, Na4Mg(P809)2.5H20. The latter 
evaporated a mixed soln. of hexahydrated magnesium chloride with about four 
times its weight of sodium trimetaphosphate at 20° to 30°, and obtained a crystalline 
crust, which was washed with a little water. Over cone, sulphuric acid, about 
one-tenth of the water of crystallization was removed, and all was expelled at a high 
temp. The product melts at a red heat, forming an opaque white mass which 
deliquesces in air, and furnishes a soln. of sodium hexametaphosphate when treated 
with water, and magnesium metaphosphate remains. The double salt dissolves 
slowly in water, the soln, is neutral, and is not precipitated by sodium carbonate or 
disodium hydrophosphate unless ammonia has been previously added. 

According to A. Glatiel, when magnesium dimetaphosphate is melted, and slowly 
cooled, irm gi wtfntn tetrametaphosphate, Mg 2 P 40 i 2 , Ib formed. The salt crystallizes 
in stellate aggregates. It is insoluble in water, and is attacked by hydrochloric acid, 
still more by nitric acid, and quite vigorously by cone, sulphuric acid. When 
digested for a day with a soln. of alkali carbonate, the alkali tetrametaphosphate is 
formed. When a dil. soln. of ammonium tetrametaphosphate is treated with an 
excess of magnesium chloride, small white crystals of decahydrated m a gn esi l i in 
tetrametaphosphate, Mg2p4Oi2 l 0 H 2 O, are formed. 100 parts of water dissolve 
1*43 parts of the salt. The hydrate is decomposed by acids, particularly cone, 
sulphuric acid. When calcined, the whole of the water is driven off, and the molten 
TTiftiw is glassy when rapidly cooled. According to H. Rose, an aq. soln. of hexai^ 
metaphosphoric acid gives a precipitate’ of magneiinm heiainetapho)ia>hate, when 
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added to a aoln. of nu^eaium and ammonium chlorides. The precipitate is soluble 
in much water. T. Graham found that a gum-like precipitate is obtained when 
sodium hexametaphosphate is added to a soln. of magnesium acetate, but not to one 
of magnesium sulphate. H. Rose obtained no precipitate by adding aq. ammonia 
to a soln. of magnesium sulphate mixed with a sufficient quantity of sodium hexa- 
metohosphate. 

W. Gregory accidentally discovered what G. Tammann considers to be sodium 
magnesium octometaphosphatei Na^MgsTgOgi, in the preparation of phosphoric 
acid. In the extraction from bones by J. von Liebig’s process, there is first a 
separation of* magnesium metaphosphate, Mg(P 0 g) 2 , and then by repeated dilution 
and -heating, the double octophosphate appears, wffich can bo separated from the 
excess of phosphoric acid by treatment with cold water. G. Tammann obtained the 
double salt by melting a mol of a magnesium compound with a mol of tetrahydratcd 
ammonium sodium hydrophosphate, and stirring the mass as it cools. The crystals 
are said to be rhombic dodecahedra, which, when dried at 100°, are free from water. 
According to W. Gregory, and R. Maddrell, the salt is insoluble in water or aq. 
phosphoric acid, soluble in cone, sulphuric acid, and slightly soluble in hydrochloric 
acid and aqua regia. G. Tammann said that the salt is insoluble in the two last- 
named menstrua ; and that alkali sulphides have scarcely any action on the salt. 
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CHAPTER XXX 

ZINC AND CADMIUM 


§ 1. The History of Zinc and Cadmium 

(jiold and Hilvnr oxcoptcd, tliero in no metal which has had formerly ko man> and so 
wondertul names an zinc.- J Hkckmann. 

Tho history of zinc furnibhos a remarkable exainj)le how slowly |)rogre.fis is made 
when observationH are not interpretod by tho bcientific method, and when tho fiuidamentol 
laws conceah'd in a phenomenon have not been recognized.— F. X. M. Zipi*e. 

Thk mode of ])r(‘j)aring tyrichalcum or brass from copper wa.s known over 2000 years 
before the metal zinc was discovered, and it required a good many years’ more 
observation before the alloying of the two metals, zinc and copper, was recognized 
as the essential jtroct'ss involved m the manufacture of brass. It is not surprising, 
said J. Beckmann,^ that zinc should have remained so long unkno^^n, for it had 
never been found in th»‘ metallic state. Its ort's are ofttm and in a great degree 
mixed with foreign ingredients; and when they are melted, the zim; sublimes in a 
metallic form, and is found adhering to the cool sides in the upper j)art of the 
furnace ; but a jiarticular a])paratus is necessar}', else; the reduced metal partly 
volatilizes, and is [lartly oxidized, by which means it appears liki; an earth, and 
exhibits to th<‘ eye no traia-s of metal. 

Th(' term brass is mentiom'd several times by the biblical writers— nearly 
400(1 years n.c., for instance, we are told in (rcacsis {4. 32), that Tubalcain was a 
worker in brass and iron ; and tlu' brass or bronze* looking-glasses of women an* 
mentioned in Exodus (38. 8). There are also fre(|uent references to brass or bronze! 
in the early writings of Homer, about KKHi n.i*., and of Hesiod, aliout 700 n.c. So 
far as we can gather, the early writers confused copfs'r, brass, and bronze because 
the same term was employed for any or all these metals. The word rendered bra.ss 
should be translated bronze. It is known that it was customary in very early times 
for women to wear a bronze mirror as an article of dress ; M. H. Klaproth has 
analyzed one such, and found : cop]>er, (12 ; tin, 32 ; and lead, 6 per cent. 

In the work tV Htcjarumus- on marvels- wrongly attributed to Aristotle about 
320 but more probably written about the middh* of the third century, it is said 
that bronze without tin was made at Mossynmcia, near the Black Sea, by melting 
copper with a peculiar earth which was found in the neighbourhood. In the first 
century of our era, Jlioscorides, in his Dc materia medica, and Pliny, in his Naturalis 
hisioria (34. 2), called the earth or cadmia, and the latter, jirobably both, 

used the term for the flue-dust which collects in smelting furnaces. C. Salraasius 
said that Dioscorides meant a native earth rich in zinc ; and J. Beckmann, that he 
meant furnace-calamine. The name is perhaps derived from (’admos, the son of 
Agenor and Telephasse, who brought the sdSfiov rlxn from Pho’uicia to Greece, 
and Ku^/xtta may be analogous with Theban earth. According to E. 0. von Lipp- 
mann,* the metal zinc is not mentioned in the Ebers’ ]iapyru8, nor was it known as 
a metal to Aristotle, Dioscorides, or Pliny. The metal is not mentioned by Marco 
Polo in his travels in Persia at the end of the thirteenth century, although he 
describes iutia or toiia. The Arabians who translated the Greek writers speak ot 
the preparation of brass, but they have nothing to say about the metal zinc. 

It is probable that the alloy known as orichalcum or brass, tombac, pinchbeck, 
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etc., was first discovered by smelting cupriferous zinc ores which yielded not copper 
but brass. Mines that contained ores, from which the gold-coloured metal was 
produced, were held in the highest esteem, and the early brasses seem to have been 
obtained by the smelting of such ores from mines in Laurium (near Athens), Sardinia, 
and Cyprus.^ In course of time, it w'as observed, possibly by accident, that an 
earth, which was probably calamine, when added to molten copper gave it a yellow 
colour ; and this as a method of preparation w'as found to be more convenient than 
procuring the brass from zinciferous copper ores. This is the method to which the 
pseudo- Aristotle above refers. According to E. von Bibra,* the Greeks were not 
ac<|uaintcd with the manufacture of brass, but that alloy was made about the time 
of Augustus, near the beginning of the Christian era, by heating copper with certain 
earths— presumably containing zinc, e.g. calamine, galmei, or tutty — mi.xed with 
carbon. Brass was thus know'u to the Romans ; and about the eleventh century, 
the process of manufacture w'as described by the monk Theophilus.® As the zinc 
was reduced, it alloyed with the copper by cementation, forming the golden-yellow 
colour characteristic of a low-zinc brass. It is remarkable that the same word 
cfidmia should have been employed for both the zinciferous ore and tlie llue-dust 
-an impure zinc oxide — found in furnaces smelting zinciferous ores. According 
to J. Beckmann, the term tutia, employed by Avicenna in the eleventh century, 
seems to have been used in a similar manner. A work attributed to Zosimus of 
Panopolia stated that brass is made by melting Cyprian copper with tutia. In 
spite of this, the furnace-calamine, which collected about the furnaces at Rarnniols- 
berg, was rejected as usole.ss until the middle of the sixteenth century, when 
K. EbeiuT, about 1548, discovered that it could bo enijiloyed in making brass. 

The alloy was t<‘rmed orichalcum by the Romans, who obtained the word from 
the Greeks’ o(mxakKo^=op()^, a mountain, and copper or bronze. The 

t(‘rm aurichalcum is a mis-spelling ® due to the resemblance which orichalcum bears 
to aurum (gold) ; and the Utiu aurichalcum reappears, still more corrupti'd , in the 
French arcfial. It has been suggested that the German term MeMuuj for brass 
is a corrupt form of Mossyiioecia ^ — vide supra. Both words, orichalcum and auri- 
chalcum, were used for brass about the beginning of the Christian era, but they 
w’ere proliably also employed in some cases for bronze. Attempts have been made 
to derive the term zinc from the Persian tscheng, or the newer Persian seng. 

According to Cicero,® who wrote near the beginning of our era, Roman coins made 
from orichalcum were undistinguishable from gold, and he raised the ethical question 
whether an honest man should acquaint a person who was really selling aurum but 
tliought he was selling orichalcum, or should he buy for a p<mny what was worth a 
thousand times as much ? The only metal which the itomans could have so 
ini.staken for gold is the alloy of copper and zinc now called brass. Several brass 
coins of the Roman period have been analyzed by J. Percy,® W. Gowland, 
J. A. Phillips, F. Gobel, H. Garland, etc. A selection of these analyses by W. Gow- 
land is indicated in Table I. Traces of nickel, antimony, and arsenic were reported 
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Briiss 

Dab5. 

CU 

flu 

Zn 

Pb 

Fo 

Augustus coin 

30 B.c. to 14 A.U. 

87 06 

0 72 

11-80 

tr. 

0-43 

Tiberius coin , 

. i 41 A.D. 

72-20 

— 

27-70 

— 

— 

Noro coin 

64 A.D. to 68 A.D. 

77 44 

0-30 

21-60 

tr. 

0-32 

Vespasian coin 

71 A.U. 

81-97 

— 

18-68 

0-14 

0-12 

Trajan coin . 

98 A.D, to 107 A.D. 1 

I 77-69 

0-39 

20-70 

— 

0-27 

Sabina coin . 

100 A.D. to 137 A.D. i 

82-36 

0-43 

16-84 

tr. 

0-38 

Memorial brass (England) 

1466 1 

67-54 

11 6 

24-16 

7-14 

— 

Memorial brass (England) 

1604 

! 64-60 

3 00 

29-60 

3-60 

— 

Statue (Munich) 

1600 

1 76-90 

0-04 

19-69 

2-68 

0-17 
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in the first and sixth alloys, and 0'20 per cent, of antimony and 0*24 per cent, of 
.nickel in the third, and 0*10 per cent, of nickel in the last one. According to 
F. Gfibel, zinc is found only in alloys of Roman origin. The bronze objects derived 
from the Greeks and their colonies in Italy, Eg 3 q)t, Asia, etc., invariably consist of 
copper and tin, with or without lead. 

Scholars have not been able to find in the works of any other classical author 
one single statement which would support the view that the Greeks or Romans 
were acquainted with the element zinc ; but there are some reputed finds of the 
metal among ancient remains. According to G. F. C. Fuchs, lo the oldest piece of 
zinc extant is an idol found in a prehistoric Dacian settlement at Dordosch, Tran- 
sylvania. It contained : zinc, 87*52 ; lead, 11*41 ; and iron, 1*07 per cent. 
According to P. C. Grignon, in 1772, a small metal bar of zinc was found in the 
ruins of an old Roman town at Champagne. He said that the bar had been worked 
to some extent, and added that in the neighbourhood of the town, there was an 
iron mine containing a great deal of zinc. A zinc relic has also been reported from 
the ruins of Pompeii (destroyed 79 a.d.) ; and M. Salzmann found in the ruins of 
Camiros (Isle of Rhodes), destroyed 500 b.c., a bracelet of silver inlaid with zinc. 
Void deux fails positi/Sf said R. Jagnaux, qui prouvent indubitablement que les 
anoiens ont su exiraire le zinc de ses minerals ; but J. Beckmann said that the first 
case had been examined only in a superficial manner ; and there is nothing to show 
what kind of a metal or alloy P. C. Grignon considered to be zinc. K. B. Hofmann 
questions the Pompeian find because a search for the fountain in the museum at 
Naples has not been successful. There is a hint in Strabo’s Oeographia (18. i, 56), 
written about 20 a.d., of a kind of mock-silver — \l/€vUpyvpov, or pseudo-argyrum — 
which furnished orichalcum when heated with copper. The ancient geographer said : 

There is a stone near Andoira which bocomos iron when it is burnt, and afterwards, when 
it is molted in a furnace with a certain earth, it drops mock-silver, which with the addition 
of copper, produces what is colled . . . oricholcum. Mock-silver is also found in the 
neighbourhood of Tenolus. 

The term psendoargyrum or mock-silver must here have been intended to represent 
a metal with a certain resemblance to silver, but the only metals then known to 
have the colour of silver were mercury, lead, and tin ; and the first two of these 
would not communicate to copper the properties ascribed to orichakum nor does 
the description fit well with tin. It has therefore been conjectured that metallic 
zinc was known in the first century of our era. It is, however, unlikely that zinc 
would collect in drops like Strabo’s psendoargyrum unless it be assumed that the 
furnace was provided with a distillatory and condensing apparatus. J. Percy, 
however, does mention that occasionally the vapour of zinc may be accidentally 
condensed in cracks in the walls of furnaces, and trickle down in drops. M. Gsell 
assumed that Strabo’s psendoargyrum was metallic arsenic ; F. X. M. Zippe, arsenical 

n er; and H. W. Schafer, an arsenical alloy. In any case, P. Diegart and 
eumann conclude that the psendoargyrum was not metallic zinc. 

According to A. J. C. Geerts,!^ the first Chinese book to mention ya-yuen (literally, 
lea(J of inferior quality) was called Tien kong kai ou, and it was published at the 
beginning of the seventeenth century ; in that work, it is stated that the metal is 
mentioned only by the then modern writers, not the older ones. The Chinese 
encyclopspdia Pen tsao kang mu appeared in the latter half of the sixteenth century, 
and it contains no reference to zinc, although it is said to have been compiled from 
the writings of some 800 authors. Cidamine brass, however, is described. 
W. Hommel found a sample of Chinese zinc dated 1745 contained : zinc, 98*99 ; 
iron, 0*675 ; and antimony, 0*245 per cent., and no copper, nickel, silver, lead, or 
arsenic was present. B. G. Sage has written an account of the early use of zinc 
money in China. 

The Hindu work Rasarnamj which appeared between the twelfth and the four- 
teenth centuries, mentions an essence of the appearance of tin which is obtained by 



ZINC AND CADMIUM 


401 


heating rasdka (calamine) with certain organic aubetances in a covcied- cmciblc ; 
and the fourteenth-century book describes an apparatus for 

obtaining the essence of calamine by distillation-^-Fig. 1 . The essence was not at first 




Btllows 



.. , , V - the essence was not at first 

classed as a metal, but. according to P. 0. Ray. in 1374, K. Madanapahi called it 
jatada, and included it among the, metals. The Hindus 
obtained but small quantities of zinc. The technical pro- 
duction and uses of this metal were lirat descrik'd in the 
Cjiinese book Tien hong ka% ou of 1637. The Chinese 
encyclopeodia IPfl kan sai dzu ye of 1713, is said to refer 
to lead as ya-yuen and /o/an— from the SanstTit htltham, 
and the Persian lutia. Calamine is designated in Sanscrit 
rasahi, kharpara, and tuUhia, and the last, when translat 4 ‘d 
'into Persian and Arabian, became /u/m. so that zinc was 
called ruh-i-tiUia, literally, the spirit of tutia. In Persia, 
white tutia was zinc sulphate ; blue tutia, copper sulphate* ; 
and green tutia, ferrous sulphate. Just as in the sixteenth 
and seven b'cnth centuries, the term count erfey was applied 
to all kinds of metals and alloys — zinc, pewter, bismuth, 
antimonial lead, arsenical copper, etc. — so were the terms 

for zinc applied to all sorts of metals and alloys. Antimony, or antimonial lead, 
but not zinc, was described as kharsini by Kazwini, the Persian Pliny, in his Cosnw- 
graphia, 1200 a.d. This subject has been discussed by A. 1. 8. de Sacy. From 
this it would appear that the art of zinc smelting originati‘d in India, and was 
carried to China, where zinc was produced on a large scale until the middle of the 
eighteenth century. According to T. Bergman, zinc was brought to Europe from 
the East by the Portuguese a century before it was produced as a cominerc'ial 
article in Europe, excepting perhaps a small amount occasionally obtained as a 
by-product in the lead furnaces of Goslar. 


Fio. 1. -Indian Appa- 
ralUH for Extracting 
t ho Eshcuco of (’ala- 
inino hy Dist illation 
per (icHcetutum, 


The alchemists of the Middle Ages, like the Romans, kn(‘w that when cojii^er 
is heated with certain earths, a white arsenical or yellow zincic alloy is formed ’ 
and efb'cts of this kind were mentioned in the thirteenth century by Albertus 
Magnus, in his De mhwralihus el rebus metallicis, as having been obtaini'd by using 
what he called marchasite aurea. Hence, his golden marcasitt^ was eitluT arsenical 
or zinciferous pyrites - probably the former. Albertus Magnus, like J^liny, dis- 
tinguished between tutia (furnace calamine) and lapis calannnaris, and Htat 4 >d’ that 
the former is an artificial product, the latter a mineral, and added that either of 
these substances imj)arts a golden colour to copj)er. He advised the use of glass- 
gall to be strewn over the molten metal, otherwise the tutia or lapis calamimiris 
will lose its force in the fire. 


After Albertus Magnus there is a long interval stretching over three centuries 
during which little or nothing appears to have been written on the subject, but, 
added J. Beckmann, it was probably not forgotten by the alchemists : 


On account of the great hopes which it gave the alchemists by its colouring cotjper 
they desenbed it purposely in an obscure manner, and concealed it under other names so 
that it has not been recognized in their works. * 

There is, however, no evidence to show that zinc was recognized in Euroiie as a 
metal prior to the beginning of the sixteenth century, when Paracelsus ernployed 
the term zinc for the first time. In his incomplete tract Liber mincralium, published 
posthumously about 1570, Paracelsus wrote : 


There is another metal, zinckum, which is in general unknown to tho fraternity. It is 
a distinct metal of a different origin, although ^ulterated with many other raet^. It 
can be melted, for it consists of three fluid principles, but it is not malleable. In its colour, 
It is unlike all others, and does not grow in the some manner ; but with its uUirm materia 
I am as yet unacquainted, for it is almost as strange in its properl ios as arffentum vivum 
It admits of no admixture, will not beer the /abrications of other metals, but keeps itself 
entirely to itself. ^ 
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It nitty })(; if I'aracolsus undcretood by the term zinckum what is under- 

stood to-<Jtty, Mince, in another essay, On the ekmenl vmler, he said that zinckum is a 
bastard nn tal from topper, and that bismuth w a bastard metal from tin. He 
ap>pears ft) have used the term Imhlard imial for impure st^parations — jiossibly 
calces which he eLst-wlere called the facna of the pure nwloLs. 

In the sixteenth and seventeenth centuries there was much confusion as to 
the. nieaninj' of the term zinc, and it apjiears to hav<‘ been employed locally by the 
miners of the Karntlieri district for an earthy ore, and ijenerally, not for the me^il, 
but for a number of dillen-nt minerals. According t<j J Mathesius,!'^ 

CvutUnfi.ii H ti iiK'tttI of little value formtii by additions and colouruiK substances, so 
that It oisi'iiilili-.s i>ilvcr, as un imaj^e, or anythin;' counterfeited, docs its archetype. Thus, 
copper IS coloured by culainine and other nuxtiires, in such a manner that it appears to 
be pure ^old. 

ill his I)f rr nittullica (Basilife, l.MG), {uiblished before Paraeidsu.s' tract, G. A^ri- 
cola iiieiitioiied a white metal winch he called counifr/ci , and uhieli was found on 
the wuHh of a furnace smelting lead ores at Goslar in the Harz, and was probably 
reco^ni/ed before .Vlbertus .Magnus’ time G. A^'rieola referred later to the forma- 
tion of zuicuin in tli(‘ furn.ui's of Sile.sia, but he does not ajipear to have correlated 
eoimterfei with zinciim. 'I’lns was done by G. E. von Lohneyss in 101)0, wdio said 
that the metal zinc or counterfey ^'reatly resembles tin, and remarked that the 
metal “ zme or bismuth” was in great demand by the alchemists. J. H. Pott, 
<|Uoliiig from .Jun^'iiis' MincraUujiu, stated that towards the imd of the sixteenth 
century tlie sale of zinc from Harz was prohibited by the ruling prince, who liad a 
passion for ulchemv, and who app<‘ars to have enbTtained high hopes of its utility 
III making gold, G. E. von liohneyss also gave an account of the method of iiro- 
curing zme at (lo.slar. He said : 

The mi'tnl ;oe <*r < rfflit m termed under the Binelting furnaces and in the crevices 
of the wall wtiero the liiicUs are not. woll-plaHtiTcd. When the wall is scraped, the metal 
falls down in a trough placed to reci'ive it. . . , 'I'ho metal is not mmh valued, and the 
woiUiuen eollt'cl il only vs lien they are promis(*d Trinhjtld 

A. labaviiis used (he Hindu t^Ttn caliiem for zitie, aiul in a lettiT e.xjiressed his 
regret that he had not been able (.o jinxuire any of the metal ; he seiuns to have 
ri'giiided zme us a peculiar kind of tin which took tire when heated in air. 
,1 II Glauber knew that the zinc lirought from the East could he extracted from 
galmei, i alainme, or tutia , and he said : 

/’.ini’ IS a volatile iiiuieral or hall-ripi' melal when it is extracted from its ores. It turns 
copper m(o l>i'a.ss as does lujnn rahtnunart'*, for imleed, this stone i.s nothing but infusible 
/me. and /me nueht be ealh'd a fusible lajus > olntmnarts inosmueh as both of them jiartake 
ol lilt' saiiK' nature . . y.me subliniutea itself into the erueks of the furnace whereupon 
the sUK'ller.s I iispimtly hteak it out. 

1’. M. dc llcsjiours *•* u.sed the term zinc in his work : Sur iesprit minhal. About 
this time zme seems to have been regarded us a compound of two or three elements. 

Albert us iMivkuus supposed t hat iron is an ingredient of zinc ; I’araceLsuB called zinc a 
spurious .sou of copper ; N. Lomery believed it to Ihv a kind of luarcosito sunilar to bismuth ; 
J. K. CJlmds'r considered it to bo immature solar sulphur,* W. Homberg regardi^l it a.s a 
mixture of tm and iron : J. Kimckol called it a coagulated mercury ; and F. do lias-sono, 
ami F. VVeii/el si'cm to Imv'c considered phosphorus to Iw an essential constituent of 
ziiio, protiablv beeiuiso of the fact, observed by J. K. Henckel, that zinc calx phosphoreacos 
when heated. 

T. IbTgmaii, in his dissertation Dc mimris zinci (Upsala, 1771)), attributed the 
slow' progress in the recognition of the individuality of zinc to the volatile and 
eoinbustible nature of the metal. When zinciferous products are smelted with 
copper, the latter tixi's the volatile zinc and produces brass. The first stage in the 
history of zme is the recognition that a peculiar m«‘tal is fixed by coppi’r when 
certain earths are smelted w ith that metal. Thus afb'r nearly :J(X)0 years, J. Kiinckel 



ZINC AND CADMIUM 


m 


fould 8dy tliat lalanuue allows its part lo pass into ruppi r and form hrass, 

and the same idea was advooaWd by G. E. Stahl K\en as late as KaC), Ci. Brandt 
coUHulered that zim* eould not be miuced to metal exivpt m the pnwiice of topper. 
Atrordmu to W. lloinmel, the name anti the diset»very of llie metal have been 
erroneously aseribed to Ba,Ml Vahmtme . he uttributeil the demonstration that 
zine IS th*- metal of t alamine to W llomb* rj^ m Ibtib ; while J. K Heiiekei jjrepart'd 
zine from talumine by lieatm;; it with some intlaiiimable .substanee (phlomstoriK 
but he (oneealed the method A von Swab (1712), and A. S Marg^raf (ITlU) 
provefl that ( alamine could be reduced to the metal and tli.stilleti in closed vessels 
in the ah.s»*n( (■ of t opper. 

ihe gradual ret'o^;nititm of zine (i) as a constituent of eaiaiiiiiie brass, and 
(n) lis a chemical indivitlual b\ the European chemists, was virtually independent 
of tile fact tliat th(* metal was broU'.^ht to Europe h\ the East Indian traders und(‘r 
th<* nanu* lutt muj, ta/omy/o, or luU ntqw, and soltl undtT the name spuiiilrr, upailler, 
or Indian tin. Bol)i‘rt Boyh' called it sjH’ltnnn ; the word wms spi'lt in many 
dillerent wavs about that time, and these dillereiices liiiallv t rysUlli/ed into 
sp.l,.r 

'I ho term it}hU,r H ('('inmonly ijso<l lor onliuary eomiiK'n'ial mgoi /int-, whereas tin* (.('iiu 
joe w applied to the rolled iiu'fal, Latterlj K im eoiuinon to ciiiplov the t<’rm speller lor 
all jitades ot iii'dal with op to about Dtl 8 {ht eenl •»! 7 ,me ; tiu' grade.s ol hijiln'i’ (juahly 
Ix in^ termed yj/M -ciNc 'i'h(( crud»' /me Ixmo); obtained from the ort's by smeltmj' js teimed 
Vit’jtn or primary :im Metal that has U‘en n'luelO'd i.s called rtvuU’il nprlUr, or 

mcoHitary speller 1 h(' term hard npilltr ivft'rs to a ebeap bnuid of /me eoiitummated with 
iron, a reaiiltant of the galvnin/.mg proc*'«». 

Although Zinc was well known m Euroia* towards the end of I In* s(‘venteenth 
(ciitury, the (‘.\tru<'tioii (d zim from its ores attained no indu.strial importance 
until early in the nineteenth (cntury. The manufacturers of (alanime brass b\ 
the cementation process wi-re ojiposed to tin* preparation of brass by fusing ( ojiper 
with ziri' beeau.sig they averred, it prodiieeil a brass of inferior (juality. Tlie ait 
of zin? distillation, said (r. Borgnet, was almost certainly introduced into hdirop(' 
from the East in the early part of tin* eighteenth eeiitury T. Bergman records a 
tradition that a few years prior to 1710, an Englishman went to China t-o study ihe 
.smelting of zme A( cording to H. Watson, and W. Br\ce, Isaac Lawton was the iirst 
111 England to e.stahlish a practu al method for extracting zinc from calamine Aliout 
1710, ,f. Champion established a works at Bristol for the cxtratfion ol zine hy dis- 
tillation pir drm’n.'ann. In this process, a « overed erueible, litt4*d with an (‘Xit tube 
leading from tin* bottom, was heated with the « iiargi* m oiu* of the arches of a glass 
fiirnaeo ; one furnace earned al)out half a dozen erm ihies As soon as zme vajmurs 
hcgaii to appear at the nioiitli of tlie exit lube at the liottom of the erm iIjIc, a long 
« onden.sing tube was attached The zme eomleiiscd m tie* tube and (olleetcd m 
Huitalilc trays. Calamine, an important ore of zme, hmj previously been used for 
making brass in various distrifts - Surrey (c KCiO), Bristol {170L»), Cheadlc (Stalfs.) 
(1720), and laO'r at iSmethwiek, 8wan.Hc*a, and Llaiiellf. 

According to L. von Wiewg^^ the Bristol proeexs for tin* extraction of zme from its 
ores was .started at Wcssola (Pless, Silesia), m 17‘.lH, by J. li. Kuhberg. An old glass 
furnace was utilized for the purpose. The works at Wessola were tlie beginning of 
the famous Silesian zme industry. J. K. Kuhberg found that the Bristol process, 
distillation per descensum, was inefficient, aritl devised a process involving the um(* 
of muffles of largi^ capacity. J. J. D. Deny, also, about ISO."*, started zinc distillation 
near Liege in Belgium. In 1S09, he paUmted the Kamtrnkium eum am Ztnk 
am Galtnei zu gemnneji und dm duzu (itigewandte Ver/(Jin:n. He used a H« rn*s of small 
retorts set in a single furnace. The Belgian zim* industry soon became a formidable 
rival to the Silesian. B. Dillinger, at Dollach (Carmthia), also started distilling zinc 
from calamine about 179*d, but the* industry did not flourish here as it did in Silesia 
and Belgium. Both in Belgium and Silesia zinc w’as distilled ptr mni^ivaim, and tliis 
proce.ss proved more economical than the distillation per degeemum process. Britain 
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did not keej) pace with the advances made in Upper Silesia, in Rhenish Prussia, 
and in Belgium. The jirimitive distillation furnaces remained in England until 
the middle of the nineteenth century, when Britain’s lead in the zinc industry 
declined. It has lieen said that the failure of British metallurgists to keep pace 
in the art which they had introduced into EurojK; from the East, is one of the 
strange things in the history of metallurgy. Zinc smelting on a smaller scale was 
adopted in Austria, Hpain, Holland, and in France about the middle of the nine- 
teenth century. Ihe regular manufacture of zinc in the Unib’d States was started 
almut I8o0 by J. Wharton. There has been no radical change in the metallurgy 
of zinc since the first Bidgian furnaces were built in the earlv part of the nineteenth 
century. 

The history of the discovery of cadmium is comparatively simple. It is a 
common companion of zim-. In the autumn of 1817, F. Strom(‘yer,i8 of Gottingen, 
noticed that a sample of zinc carhonat*; from the zinc works at Salzgitter was 
tinged yellow although free from iron, while zinc carbonate from many other sources 
IS whiti*. H(! attribut<'d the yellow coloration to the presence of a new element, 
and found indications of the same element in samples of zinc and zinc oxide from 
several other places. In May, 1818, K. S. L. Hermann, of iSt hbnefjiH'k, examined a 
sample of zinc which had Ihtii condemned hecau.si; it gave a yellow precipitate, 
^ar^teristii; of arsenic, when an acid soln. was treated with hvdrogen sulphide. 
He found that the ytdlow preeipitat<‘ was not arwmie siilphidt', hut rather the 
yellow sulphide of a new elemmit. Shortly afterwards, W. Meissner, of Halle, 
confirmed K. H. L. Hermann’s discovery. C. J. B. KarsU'ii, of Berlin, discovered 
the presenee of the new element in the Silesian zinc ores, and he pro]) 08 ed to 
ca 1 the element melinum-lwm vielinus, a quince-on aeeount of the quince-like 
colour of the hydrogen sulnhide precipitate ; L. W. Gills-rt proposed the term 
)unomuni, in honour of the discovery of the asU^roid Juno, in 18()4 ; and J. F. John 
propotk'd klajmjthium, in honour of M. H. Klaproth ; but F. Stromeyer’s proposal 
after vmhma fomwum. becau.s«‘ the element aeeiimulaU-s in the /omws 
oj Zinc, which collects os line-dust in zinc furnaces was finally aceept^'d F Stro- 
meyer’s element w'as thought hysome to he iilentieal with an element announced by 
K. S. L. Herinaiin. ami called m/mm or n.stalium, hut F. Strornever showed that 
the atter announcement was bused on a mal-obsi-rvution C H HolofT has written 
on the history of cadmium. 
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§ 2. The Ooconenoe ot Zinc and Cadmium 

Zinc ia a common element ; cadmium \n comparatively rare. K. VV. Clarke ^ 
eatimat«8 that zinc is 200 times as abundant as cudmium. There art* reports of 
the occurrence of small quantities of metallic zinc in the basaltic rocks of Brunswick 
(Victoria),* by L. Becker, and by T. L. Phipson. According to G. II. F. Ulrich, 
this zinc conteins about one per cent, of cadmium. L. Beckey also rejiorted the 
occurrence of zinc, containing some cadmium, on the banks of the Mitta Mitta river, 
New South Wales. J. Park reported finding zinc ne44r Hape Creek (Thames, N.Z.) ; 
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W. 1). M.'irb, in N E Alabama ; aii<J J D Dana, in Sliasta Co., California. Zinc 
id pH'Hvnt in .sinail ani'Hintn in i;'nt*ou.s rocks, anil traces are also diffused in many 
Hf^dimcntary rocks .1 D. Rob<'rf.-,on found the granite, poryphiy, and diabase 
from Mimjun rontaiiu il 0 /lOi.'k'i to 0 0] 76 per cent, of zin(‘- a\'erage O'OOO, Smaller 
proportiuiid were pro'o-nt m the adjacent Imiestoncs, thus, the Silurian limestone 
contained fJOtutlfi to 0 0i,Vj6 per cent, of 2 /nc, and a trace up to 0’001?55 per cent, 
in the lower cnrlK/infrroud /imc, stone ; S, f/a/vm and H. h\ Bum reported 0 00029 per 
rent of zinc in the /injestonc.s and doloimks of lowii , and A M. Finlayson obtained 
results of the same order of magnitude for British rock.s and more abundantly in 
the granites than in the limestoneH H. Traiibe found I'Ob to 1‘38 per cent, of 
zine carbonate m the oniifointc of Tarnovvit/ ; and W. Blitz and E. Marcus found 
zinc and cadiuimu m the Mermian limestone of (.'oburg, L. Dieiilafait tested 
hundreds of roeks and alv\a>.s found zinc to be [jre.scnt. F. W. ('larke and H. Steiger 
found Ihe uv'eniges fioiii hundreds of samples; 
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0 00074 
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0 00081 
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0 0200 
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0 0043 

0 01107 

0 0130 

ZnO 

0 0052 

0 0070 

OOOlU 

0 OU038 

0 0049 


Some ziiieib rous ( la\.s, called tallow clays, containing the e(| of t up to 56 per 
cent, of zinc (»\ide, occur in Mis.soiiri, Kansas, and V^irginia Zinc has lH>en reported 
by E. ManasM<‘,'’* and ii IJngemaeh wxtcirahcdntc ; by F, Mattomd and J. H. L Vogt 
m fahhiz; by V. M ( Joldst luindt, ami (- Frenzel, in an/ifrodife of Bolivia; by 
A. de ({raiiiutd in sihrr iihincr , and E. Manasse in chnisocoHii of ('am[)ig!ia Zinc 
has also been reported m slags from lead and iron works by A. Shdzner, .), J. Porter, 
ami H Felt Weis ; and in bl.ist fiirnaef gases by E. Jensch, and A. Vita, 0. Grass 
found cadmium in the (lue »lust of a roasting furnace using Zwickau I'oal ; and also 
111 a lead fiirriaie of Corphalie P. Soltsiiui, and W, 1). Harkins and K E, Swam 
found zme m Mk' atm about zinc simdters A. Jori.ssen ami E. Prost found zinc 
in the .soils of Luttieh, and A .lorissen, and P. Svdt.sien noted th<“ transport of zinc 
from the sod to buried 4-orpses in the ceimderies E Dieidafait also found zinc, in 
tin' drainage from many sods. Zme was found in the volcanic jinxlm tH at Soma 
(VesiiMus) by A. Scactdii ; and by E. Casoria m the snblimatnm ]>roducts of 
Vt'siiMus, Speetrosiatpir observations h'd .1. N. Lockyer,'^ ami .M X Saha. 

O. \ Young, (’. (\ lliitehins and E S. Holden, A. G. Joiie.s, and H. Kay-er and 

P. Kunge to infer that zinc and cadmium an' |ire.s»>nt m the sun 

Tin' ores of zinc are wnh'ly distribut<‘d, and tln*y are common m mines furnishing 
various base metals, and more particularly they are found as.sociated with tin* on's 
of lead, silver, and coppt'r ^ Most of the old calamine (zine carbonate) mines are 
e.xhausted, and more complex on'S have now’ to he treated for zinc. The more 
important deposits of zinc illustrated by the chart, Fig. ^—contain ores so complex 
that they jirescnt rather diflicult problems to the metallurgist. 

Zme oro.s oecur mid hnvo btH'n mim'd in inuny part.nof £urop&^ -for in-'ninec, m the United 
Kingtlom m Uiunlx^rlmid, l.sIeot Man, KJint.shiiv, Canlipmishire, UumfriesHtiire, Lanurkstiire, 
Shropshiit', and ol.sc'wlu'n'. (Jonnany ronk.s as n second largest producer, after the United 
State's. 'I'he mesi important tiepo.sits ar*' m Upper Silcsm, wliiJe smaller deposit.s occur m 
Hhineltuul, Westphalia, Nassau, liar/, etc. In (Jovee, the Laurium mines am of gr*-at 
antinuity ; in Italy, the Sardinian iimn's am unusually rich, and there are also deposits ui 
Loinbarily, I’ii'dmont, and I’uscony. Mo.st of the zinc ore mined in Spain comes from Afurcia 
and Santander, w hile Hinaller amounts come from Teruol. The Anuneberg mines in Norike. 
Sweden, are important, and depo-sitvs ali^o occur in Oi-obro and Kopparbtirg districts. In 
Norway , deposits occur at llnderland, Sadou, and Primorsk. The more important deposits 
m Frani'e are at Malino.s {(.lard), PierrcHitte (Hnntos I'yrt'nMs), Pulard do Sontein, St. Lary 
{.•\ricge), rianislos (hot), Bleyinard (Loziire) and Bormottes (Var). The chief deposits in 
Belgium are at Bleylu'rg. Vieille Montagne. and Moresnet ; those at Welkenroat, Nou- 
velle. Montatrne, Corphalie, anil PluhpjM'Ville an* the most important. The more 
important deposits m theohl Austria- flungaiy, in South Carmthia, Styna, and Tyrol. In 
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Asia, liojxjwita occur in Imlin «t Bawtlwin, Muhwhcnj?, U(lcj>ur, aiul Snmur. tu the 
Hunau province m i'hma; at Konnoka (Hula), Uzen. Tsuchima, Eithu. Kchurm. luvd 
Uizcn in .laivan ; Kidder Mine (Altai Mountain) in Sd>erm ; at Tran^. Tonkui, Fhan 
Mai, Yen Liuh. Hntard m lndo-('hina. In Africa, ilien* ai>' dc'poHits at Hajninani 
N'Bada. Ain Arko, Sakanio<ly, Guerraimtna, and K Arbu in Alj^eiia ; Suh- \hinet. I'lnlj el. 
Adouiii, Zu^houan. and El-Akliouat lu Tunis ; at (Mwl KoaAs m ; and in Ni>:» na. 

KhodeMii, and the Trani.\aal. I h** rniteil Statr-, nf America is tlie larf’cst produci r ut 



/me and wpelter, and nnpoitant deponits occur in ItliKsouri. ('oJorado, Moufaiia. W’iscoiimii, 
\i \v .ItTs^'v, Idaho, Kanaas, Utah, Oklalionia, Nevada, Aii/ona, N< w Me\ieo, 'J'( imeKMi-e. 
In t anada there are deposita in British (’olumhia. Ontario, Nova Scotia, ami N'eulonndlumi ; 
at Unatu liuea in Bolivia; and at t hahuila, t'ljihaulian. San Ians I’otosj. I antauli)iaH. an<l 
Nuevo Beon in Mexico '1 lien* h a ino'-t mij.ortant <l< po-^n o1 /me ami had oi< s m the 
Broken Bill detnet of New South Wales, and at Mount Black anil Mount Keial in 
rasinania, Australasia; Buikctoun m Giaansland , and at t 'olhnK"'ood, 'I lianiert diHtrud, 
III New Zealand 

The World's prodiif 1 1011 of /inc (spelter) m est iinaled in Kn;^lis!i Ions (2210 Ihs.) 
as : 

1st', IS,'..', iH(\r, isT.'i iHs:> i.s't', n»(r, nia ittiit 

20,000 TU.tKKt 08,0OO 160,000 204,000 lOO.OOt) 04;i,00(i 08.'i,142 ()02,r)Sl 

The outjmt of spelter in metric tons (loot) k^rins 22ol 0 lbs ) for IDIT was . 

l S ViiicricM Oormany. Ikliclum rraiire an<l Spain (•rc.it JlriUla Jtulhtcl Auxtri.i .iii'l Italj, 

:i2o.28:i 283,113 197,703 71,023 50,116 24,323 21,707 

with Norway, 92S7 ; liiissia, 7010; and Ao.stralia, '1724 metric Oms, This 

(list rilmt ion of thi' World's production is alnnist ciTtain Oi lie cousidt'rably altered 

w'hcm th«' markets arc in a state of mjuilibnnm after the disturbances duo tsi the 
(ireat War. The highest and lowe.st prices of (omineri lal zme per ton were ; 

ItKK) MK).', 1‘JIO 1402 140 1 I 40 r, 14)2(1 

Lowf'st . £18 lOtf. £23 Or/. £21 12^. iUl £25 0/r, Or/. £21 6«. 3r/. £28 £22J 

Highest. £22 l/w. £29 2s. 0/ £24 59. Or/. £27 12# Or/ £34 0# <>/ £120 £62j 

Tho principal ores of zinc treated commercially are : zinc Bulphido, zlnc blende, or, m 
It w callc/l in tho United States, sphalerite. This on- i« fairly widely distrihuir^J, imd in 
associated with more or 1 (>h« galena, iron pyrites, codioium and Tnangaii»?w nulphules, iw 
well 08 mognetite, hajmatito, silver, etc., and oecOHionoJly small traces of inrJiuin, gaiiiur/i, 
thallium, and gold. While the ]uire zinc nulphide, ZnS, rontainH 6715 is-r rent, rjf the 
metal in the ideal case, tho blonde which w treated by lie* smelU-r boa Is-tween 3.5 aiirj 
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6fi per oont. of raotal. Tlie ce«idue«, after the zinc has been separated, can often be profit^ 
ably worked for load and «ilver. Zino blende ia usually black or browTi m colour, and the 
tamers in some districts then call the mineral black jack ; if the blonde is yellow, it is 
sometimes called ream blende ; white, red, or green blende is not common. A curvilarninar 
variety is calhxl Schalenbknde . a reniform variety, Leberbltnule, and there are also vmetiea 
liliUterblctvie, Fatifrbhmlt , Strahlblmde, etc. It sometimes occurs crystallized in the 
cubic system. viirioty of zinc blende with over 10 |)er cent, of ferrous sulphide, and nmy 
be up to tho c(i. of l''oS,2ZnH, is called ynannatUe from Marmato ; and a fibrous form of zinc 
blende, cuHihI u’urtzUe, crystallizes in tho hexagonal system. An oxysuliihide, approxi- 
rnati ly Zn().4ZruS, of little more than minoralogical interest, h calk'd voUzine or voltzUe. 

Zinc curbonate, zlne ipar, or calamine, or, a.s it is called in America, smltbsonite ; and in 
Germany, (Jahna, was ono of the earlie«t ores to l>o worked for zme. The miners in some 
districts call tliis ore dry bone. In the ideal cose, zinc carbonate* ZnC'Oj, contains 52 per 
cent, of m»'tal but ofm with as little as 13 [mt ci'iit. of zinc are said to have been worked 
in Hilesiu. 'I’he impurities are mainly hiIich, limo, and iron, cadmium, and manganese 
carbonates. 'I'he mineral is white, or grey, tinged green or brown. It generally occurs 
massive with un imperfectly conchoidal fracture and vitreous lustre. Khomboliedr^ 
crystals are coin[»aratively rare A variety with over 2b per cent, of iron carbonate is 
called monbewu/e. 'I'ho basic carbonate z/mvmwf, zlno bloom, or hydrozlndta, 
Zn(X)3.2Zn(()ll)2 - contains about 57 (wr cent, of metal ; it is white or yellow in colour, 
and usually occurs massive. A vani'iy with copper cnrbonalo is called yreen calamtnc or 
aurirfutlvUe. 

'riiermochomistry throws some light on the occurrenct' of certum calcium, magnesium, 
and /inciferouH minerals. Thi' sum of the heats of formation of /me sulphate and calcium 
carbonate is greater than of ziiu' carbonate and calcium Hiil|)hato ; tho formation of zinc 
carbonate and magne.sium sulphate is aci'ompanied by the evolution of more heat tlian 
zino sulphate and magnesium carbonate. Hence, other things Is'ing cipial, zinc sulphate 
is more likely to 1)0 fountl in limestone rcs ks and /iiu- l aibonate m dolomitic or magnesian 
rocks 

Zme silicate, Zn,Si() 4 , or 2Zn() HiO*, is called wlllemite, and in the ideal ca.se, it has the 
e(j. of 581 ner cent of metal, hut the presenecof manganese and iron low’ers tho proportion 
coriMiderahly. A tlesh coloured variety with 5 to 12 per cent of manganese i.s eiilleci troomti'. 
The silicate is rislueed to tfu' metal iiy hi'almg it with carbon. "I’he mineralogist’s name 
calwntni ® has been appiieil to both the carhonati' and silicate, and some confu.sion has m 
consiHpienee ri'sulted, It has Im'cii argued that the teim talaoune is di'iivi'd from the 
Hindu cii/arfm, whieh h related (o thy Arahie word ihtma or calimm used for what is called 
eaJamiue. W'lllemile is \e|low or hioan m colour. The h<'\agonal crystals liavc a sp. gr, 
3 0 to 4 2 ; hardiuws, 5 to 5 5. Tlu' hydrated .silicate, hemimorphite, electric calamine, or, 
in the Stati's, simply ''alamme, Zn^yit)* ll/). lontains m the ideal ease 5.3 7 per cent, of 
metal. 'This ore is not nearly .so widely ilistrihuted as tlu' suljihule or carbonate. 'I’he 
deposits in Aix-la-('hape||e ami Moresnet (Helgium) are virtually exhausted, hut there are 
cxti'iisivo deposits iii Virginia and ]Vli.ssouii 'I’he Virginian deposits furnish a high-grade 
metal when treated by the distillation proee.ss of ext met ion 'Ibis mineral oeeurs massive 
with asuls’onehoidnl frai'ture, or in rhornbohedral crystal.s 'I’be colour is white or yellowish* 
brow'n, and it sotm'tinies has a green or blue tinge. 

Native zino oxiile, nd zinc ore, or zincite, Zut), contains in the ideal ease SO 2 per cent, of 
metal. It usually iK'curs massive ; lu'xagonni erjstals are rare 'I’he colour is deep red, 
but if the ore oeeurs m thin scales, it is yellow by transmitted light. Fruiklinlte is a kind 
of mongano-zme ferrite, K"() or when* K" represents Zn. Fo", or 

Mn", and K'" n^presi-nts Fe"' nr Mu'". Franklimti' contains from 12 to 18 ])or cent, 
of ziiie. U oiicuia in greyisli-black oetnliedrol (cubic) crystal-s. Workable deposits of 
frankiimte and zincite are almost exclusively eonlincii to the New Jersey dustriet (G.S.A. ). 
Frankhnite is usually treated for ziue oxide, not for the metal. 

fn addition to these oms, them nix' other minerals of leas importance - for in.stancc, the 
anhydrous sulplinte, xinoosite, ZiiSO^ ; tho hydratoil sulpliate gocUrite, Zn8C)4.7H,0, oeeurs 
in rhomboheilral crystals ; the aluminote, or gshnitc, or xlnc splncI, ZuO.Ai,0,. in cubic 
crystals ; the arsenate, Znj(A804), Zn(0}i)|, or adAll^te in rhombic crystals ; hopelte is a 
hydrattxl zino pho.sphate ; etc. 

Most zinc ores cont.Hin Rome CAdmiiun, and in the cxtniction of zinc the cadmium 
accumulates in the flue-duat of the isinc furnaceR. Small quantities of cadmium 
almost invariably accompany calamine and zinc blende. The highest value 3’4 
ner cent, was reported by R. Biewend in the zinc blende of Eaton (U.S.A.) ; 
F. L. Bartlett foimd cadmium in the zinc* blonde from Ix'advillc. F. Stromeyer 
found 2 to 3 per cent, in the blende of Przibram. C. Frtmzel n'portod 1136 per 
cent, in tho blende of NuKsaiiirc ; A. Damour, 013 to0'21 per cent, in the zinc blende 
of Belgiutn : and E. Jensch, lietween 0 04 and 0’30 [ler t'ent., or on the average 0’102 
per cent, of cadmium in the blende of Upper Silesia. According to E. Jensch, the 
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Kigbest quantify observed in the anr blendes of Hiirz. Saxony, Bohemia. Hu*\gary, 
Sweden, and Norway is 0*4 j^r cent. Cd. C. Rinmtori found up to I 66 pr cent, 
of cadmium in 15 samples of sine blende from Sardinia ; E. D. Clarke found ('admium 
in the zinc silicates of Freiburg and of Derbyshire ; in the zinc carbonate of Mendip, 
Derbyshire, and Cumberland, but not in specimens from Holywell, or from 
Hungar}‘. A. Schmidt, and J. R. Blum found 158 jn^r cent, of cadmium in calamine 
from Wiesloch ; R. Bunsen rejmrted cadmium in zinc sulphate from Harz. 

Cadmium occurs as grmockito, cadmium sulphide, CdS, usually as a bright 
yellow |)owder on zinc blende ; hexagonal ciy^stals art' rare. The Arkansas and 
Biissouri smithsonitea are sometimes coloured with greenockite ; a cadrniforous 
zinc blende with up to 5 |>cr cent, of cadmium and w'ith a reddish colour is called 
pnibnunita. The basic carbonate oUvite has 61 '5 }>er cent. Cd, accortling to 
0, Schneider ; and the crystallized oxides are rare minerals. 

W. F. Hillebrand reported O’ 10 per cent, of cadmium and 22’3l per cent. »»( 
zinc in the water of a spring on Shoal Creek (Missouri) and 0‘37 j>er cent, of zinc in 
the water from Mountain \new mine, Buito (Montana) ; C. P. Williams reported 
0‘02 and 0 09 }K*r cent, of ('admiurn and 10'74 and 24’80 per cent, of zinc in two 
mine waU'rs from the Missouri zinc region ; M. Glaser ancl W. Kalmann, 006 per 
cent, of zinc in the water from Roncegno (Tyrol) ; and E. Ludwig, 0'3() ]>er cent, 
of zinc m a spring water at Srebrenica (Bosnia). Several analyses of mine wat(‘r.s 
have iM'on compiled by F. W. Clarke. G. Massol reporW the presence of zinc in 
H4‘parutions from the tliernial waters at Uriage (Is^re) ; and F. Henrich in the 
sinter from the Ald(‘r spring at Wiesbaden. The pr(*sence of zinc in sea-wat<*r was 
report'd by L. Diculafait-j00016-0 0020 grm. |)er cubic metn‘ in the waters of the 
M(‘diterran(‘aii. A. G<)ldl>erg found zinc oxide in a boiler deposit. 

Ilic ashes of j»lant<4 grown on zinciferous soils have been reported as containing 
up to ^JO jicr cent, of zinc oxide. M. Javillier, and T. Richardson reported the 
pn*sence of zinc and cadmium oxides in coal ash — e.g. the ash of coal from Bi^rwick 
(S<’otland) contained 2'03 ](er cent. ZnO, and 1’42 per cent. CdO. E. .Tcnsch found 
0 ()033 ]»er cent, of cadmium in the ash of a coal from Upper Silesia ; 0. Benz found 
zinc in fruit juicr.s, and R. Bodmer, m wine ; P. Soltsien found 0 0067 per cent, in 
apple syrup. D. Spence found zinc in indiarubber. H. Claassen found zinc in 
the hoiler deposit of a sugar works ; and G. D'chartier and F. Bellamy, in several 
plant.s. c 7. in barley, maize, wheat, beans, vetehes, clover, beet-root, etc. According 
to (J. D'chartier and F. Bellamy, and F. Raoult and H. Breton, the human liver 
may contain normally 10-76 mgrms. of zinc per kgrin., and L. van Itallie and 
J. J, van Eck found 17 to 79'6 mgrms. per kgrm. H, Matzkewitsch said that 
normally zinc is not present in the healthy organism. G. Lcchartier and P. Bellamy 
also reported zinc in calv(*H' liver, ox flesh, hens’ eggs, etc. C. B. Mendel and 
H. 0. Bradley also reported zinc to be a normal constituent of the liver of the 
syc()ty})Us (mollusc) and found 15 per cent, in the total ash, and 12 per cent, in 
the dr}' tissue. V. Birckner found that baker’s yeast, wheat, oats, corn, barley, 
rye, and rice contained 15 to 415 mgrms. Zn per 1000 grras. of fresh 8ubstanc.« ; 
ortlinary market milk, 4’2 mgrms. per 1000 grms. ; and human milk, 6 to 14 mgrms. 
About 0 005 per cent, of zinc occurred in the yolk of hens’ eggs, and virtually none 
in the white part. From its constant occurrence in cows’ and human milk it is 
inferred that this clement exerts an important nutritive function which has not 
been yet discovered. R. S. Hiltner and H, J. Wichmann found zinc to b<» universally 
present in oysters of the Atlantic waters to the extent of 0 0260 U> 1 grms. of 
zinc per kgrm.— average 0 457 grm. 
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§ 3. The Extraction of Zinc 

Till' ]>vnil)Ar phyjiK’al ami chemical properties of zme reiulcr the extraction of tie' 
metal fmm its ori's tiomewhat costly, but the jiroccss is satisfio tonly remunerative 
with hiuli-grade ores containing a rtdatively larije proportion of the inetalA Hence, 
low-grade ons are t'nri< hed by a pndmnnarv ]>r»><-e8s of cone to remove gangue or 
worthle.ss inat4*rial. leaving about fjO j>er cent, zinc, Indore they are sinolted. 

Dry process of sine extraction. — The operations involved m the dry ]>ro(i>.‘< 
<»f extraetujii are. (i) the roasting or ealeination of the ons , and (id the reduction of 
the roasted ores in a distillation furnace, by carbon at a temp, above the b p. of 
ztnc, '.M<> . 

1. TIu riiiiMuiij z\nc ores. -Calamine is n»asted so aa to drive olT the carbon 
dioxide and water, and leave behind zinc oxide; hemimorphil»‘ mav be taleined 
lo dri\t‘ olf the eoml'ined water and leave zme silicate behind ; and zine blende 
mav be roasted to convert it into the oxide, and at the same time drive oil as mueh 
antimony and arsenic as jiossihle ; 2ZnS-| d<» 2 "--ZnO-| If the roasting of 

til*' blcinie IS condm ted at a low temp., a comparatively large amount of zinc 
suiji!iat<‘ IS formed: tZnS t TO- 2ZnO-| 2ZnS(b f ‘2SO- ; at a higher temp 
must nf the siilphab* is decomposed, forming the oxid»‘ : L’ZnStb “JZnO-j f Oo 
It i.s nci ess.irv to coiucrt llie sulphide to the oxi(b‘ because if converted to the 
suljdialc. the latter would be reilueed to the sulplmle by the carbon in the distilla 
lion retort, and the sulphide is not redmed to the metal to any appreeialile extent. 
The roa.-^teil ore loiitains about one per cent, of sulphur. The relati\e ]»roj)ortions 
of sulphide, sulphate, and oxhb* in a sample of roasting blende removed from the 
• alem.itioii fiirnaei' .it four dillerent stage.s lu the ojieralion, are, according to 
C. S< hnabcl . 


Ziiio sulphide 
Ziiie sulplmle 
/uie o\i(lo 


k;{ 70 f) 

0 :t 7 

0 


11 HI 

r.i .7 2:1 -2 

4 2 12 3 

38 0 .77 8 


iV. F;ri(l 

HO 10 

0 2 r> t» 

77 7 810 


.\ l.irge variety of roasting furnaces of the reverberatory tvpe are employed m 
which the charge is agitated m<adi.ini<'.4llv or by hand In the heller chi.ss of 
mst.ilLilioii, the sulphurous ga.ses from the roasting blende are used for the manu- 
facture of sulpburie aeid 2 

'J. ihe r(<Ii(ctv>n <uai tlLsdlhtiiott of (hr mdal. Tlie volatility of ziin' at bright 
red heat, enabh-.s the metal t<t bo extracted from the ore bv <list illation proci'sses. 
Th«‘ powdered oxide i.s mixed with about half itii weight of anthracite coal, / c. a 
qu.witity four or five times in excess of theoretical recjuirements : ZnO -| C->Zn 1 CO, 
and heated m closed lirei’lay retorts to which eondemsers an* attached. Tin* retort 
IS heatt'd to IlftXi -1,’KK) . The heat has to pass through the walls of the reHirt, 
whn h are poor heat conductors. The retorts arc accordingly made comjiarativoly 
small. The zinc oxide is reduced l>v the ( arbon or carbon monoxuh* at a ti*nip. 
higher than the b.p. of the metal. In conM'»juence, as soon as the. metullh’ zinc w 
reduced, it is va])orized and the va]»our is con<lensed to a Inpiui in fireclay, or iron 
receivers or ('ondensers adapted to the retortB f’arfKiii monoxide escajM-s. Zinc 
silieab* ores willemite and hemimorphite are also reduceil by carbon, but at a 
liigher temp than is required for the oxide. There are some interesting phenomena 
a.ssoeiated with the jirocess. 

The vapour of zinc must be condens<.*d at a t4*mp. well umler the b p. and over 
the in p. of the riietal. When the zinc vapour is condensed below about 41')°, ft 
forms a powder-— xalled zinc duMy blue zinc fuui/Cy or p<jum^rr ‘^ which ig 

usually a mixture of 8 to 10 per cent, of zinc oxide with meUllic zinc ; if the temp, 
of the receiver exceeds the vapour does not condense at all. f onscijjuenily, 
the permitted range for the temp, of the condenser is comjiaratively narrow - 
according to L. V. T. Lynen, 415° to 55<)°. 
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The reduction of the ojiide to the metal is difficult. Assuminir that the I. . , 

formation of sme oxide is 86 Cals. ; of carbon monoxide, 29 Cab*; of Jfh 

dioxide, 97 Cab. ; it follows b\ 
Hess Jaw that ZnO-fC^Pn 
Bodensteiu 

ami F. Sebubart ^ gave 89 6 Cala • 
2Zn0-j-C=2Zn-i-C02-~75 CaJs./ 
M. Bodenstein and F. Schuhart 
^'ave 2Zn0+C=2Znvapour-fC02 
— 141-9 Calji. at 1000°; and COo 
-fC=2CO~-39 Cals.; and ZnO 
-|-C0-Zn-fC02-~19 Cals. This 
means that in the reduction of zinc 
oxide by carbon, the heat absorbed 
is 57 Cals., wh(‘n the products of 
the reaction are taken to be cold ; 
otherwise, an allowance must be 
made for the change in the sp. ht. 
of the different substances con- 
cerned in the reaction. 

Although the reduction of zinc 
oxide by carbon can be detected 
below 7(X) the reaction is so slow 
that temp, in the vicinity of 1300° 
are actually employed. M. Boden- 
stein and F, Schuhart measured 
the temp, at which a mixture of 
zinc oxide and carbon is converted 
into zinc vajiour and carbon mon- 
oxide at 28 mm., 87 mm., 266 mm., 
and itK) mm. press. The approxi- 
mate temp, is HYXf in agreement 
with 1022°, by W. McA. Johmson. 



mmm 

Fia. 3.~-TransvorMn Hwiiou of half a Rhenish 
/mo 3 tier Kiimaco. 

the equihbrium constant. K in fhn reaction- 7 u Dart tound for 

n action. /mO-f-C^u/iivapour+CO, when ;>i 


vjuilibrium constant, K, in 

. .ornrt 



.. Rhtnlsb 
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— Three Types of Zmo Retort. 
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where Q denotes the hett of the renotion. The temp, of the reaction is 921° when 
the pre«. is 28 mm. ; 945° when 86 mm. ; 982° when 266 mm. ; and 1010° when 
760 mm. The thermal yatue Q of the reduction of zinc oxide by carbon, calculateil 
from the equation log Aj— log A,=~4-571()(3^r‘-Tj'“i), between 1012° and 
982° is --219-3 Cals. ; between 982° and 946°, — Id") 6 Cals. ; l>etween 946° and 908°, 
—1513 Cals. ; and at ordinary temp., —89 6 Cals. At UKXC, A™63. It is also 
estimated that logic Ap=: —0-2188 x896(K>r-*-|-l-7r>x2 log , q T-f 6, approxi* 
mately. An exact calculation was not made Unause of the want of knowledge 
of the equilibrium between carbon, carbon monoxide, and carbon dioxide witlj 
sufficient accuracy. M. Lemarchands showed that in an atm. of nitrogen, zinc 
oxide is readily reduced directly by carbon without the necessary intermediate 
formation of carbon monoxide. The amount of carbon enk^ring into the reaction 
is intermediate between the amounts necessary for the two ]>oH,sible actions. ZnO f C 
=Zn4-C0, 2ZnO-f C— 2Zn-f COg. This is explained on the grounds that the 
reduction of zinc oxide by carbon monoxide. ZnO-fC 0 -^Zn-|-C 02 , takes placo 
with a velocity superior to that of the reduction of carbon dioxide by carbon. This 
is possible, since the first action commences at 350", and the secoild only at 4<K)°. 
According to E. Janecke, if solid zinc oxide and carbon be added to molten zinc 
in a space from which the air has biHjn exhauskd, then, at temp, above the m.p. 
of zinc, an equilibrium w'ill be established betw'een the two solid phatu's and one 
liquid phase and one gaseous phase. It is a univariant equilibrium, sinei‘ the four 
pliases may be formed from three independent components, and hence th(' prt*88. 
and composition of the gas will bo constant at a definite temp, and will vary with 
the temp. 

In the reduction of the common mctAl oxides by e.arbon monoxide, the rt‘action ; 
M 0 +CCb=^C 02 +M, is reversible, but the cone of the carbon dioxide must lx* very 
great before the back-reaction — reduction of carbon dioxide and oxidation of the 
metal — seta in with an appreciable velocity ; but with zinc vapour, the back- 
n^HCtion with carbon dioxide : Zn-fCO^F^O-l-ZnO, occurs with a comparatively 
small ( one . of carbon dioxide. Zinc vapour can be oxidized by carbon dioxide so 
that an excess of carbon must be present in the retort to maintain an atm. of carbon 
monoxide and keep the cone, of carbon dioxide very small by the reoi'tion 
C-f-C02--2C(). According to 0. Boudouard, (‘arbon monoxide at 1<J(X)° acts as a 
reducing agent until about O’l per cent, of carbon dioxide is present and the system 
ZnO-hCO-.F^Zn-f CO 2 is in equilibrium ; any further proportion of carbon dioxide 
means that the back-reaction — oxidation of zinc— -will occur. At 1125", the 
equilibrium proportion of carbon dioxide is U-2 j>er cent , and at 15(X)°, 0 76 per 
cent. The mean of seven analyses of the gases issuing from zinc retorts durmg 
distillation is ; Carbon dioxide, 0'54 per cent. ; carbon monoxide, 9<; ()2 ; hydrogen, 
2-56 : and nitrogen, 0 74 per cent. 

If the vapour of zinc be too much diluted with other gases, it can condense only 
to zinc fume, and not into fluid metal. The greak*r the proportion of these gosCs 
the greater the proportion of zinc fume. This fact, and the back reaction, indicakd 
above, explains why all attempts to reduce the oxide in reverberatory and blast 
furnaces have not been satisfactory. Either zinc oxide or the troublesome zinc 
fume is obtained. 

Tl™ types of retort-furnace are used— the Bckian, the SUosian, and the so-called 
Rhenish, which is really a modification of the two lonner, and is perhaps the favourite 
type. Half a transverse section of a Rhenish furnace is shown in Fig. 3. It is supfXMMMl 
to be fired by gas made in a central gas producer. Each retort, with all three ty{>es, haa 
three parts : tne body, the condenser, and the prolong or nozzle. The smallest retort# 
^ us^ with the richest ores, and conversely. There is, however, a considerable variation 
in the shape and raze of the retorts used by different smelters, as is also the case with the 
arrangemrat of the retorts in the furnace. In the Bileaiaii process, the typical retort# aie 
comparatively large. Fig. 4, and niight bo temied muffles rather than retorts. There was 
only one tier of retorts m the origir^ Silesian furnaces, but two and oven three tiers may 
be used in a modem bank of retort*. The Belgian retorts are usually ellipticid, rarely 
oylindrioal. Fig. 4, and they are arranged in three to five tiers each containing 6 to 8 retorts. 
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The iTifKlo of armnnoinMit is illu.struN>d in Fig. 3 'I’ho KhoniMh retorts are rather larger 
than the Hcigiun, and Hraaller than the Hilcaian, Fig. 4, and they are arranged in two or 
three tiers in double fumaeen with GO to 10<) retorts on eaeh side, Fig. 3. Some of the larger 
modern furnaees have over 1000 retorts 'I’he funiaee., are usually gas fired with or with- 
out regeneration ; Hoinefiines they are eoal fired. 

In the typieal process, the ndorts are reeliarged every 24 lirs. The retorts arc 
cleaned and ]uitehed, or new retorts are .suLstitiited for defective ones. In some 
works special machines are (‘injiloyed for disehargmg the retorts. The well-mixed 
charge, slightly damped, is introdiieed hy hand scoops. The condensers are luted 
on, and when the flames of the eurijoii nionoxiile huriiiiig at the mouths of the 
e-onden.sers are tinged hluish-greeii hy ziiie, the prolongs are fitted on, and the 
temp, of th(' retorts gradually rawed. Molten zinc accumulates in the condensers, 
and zitK! fume in the prolongs The lujuid zinc in the condi'n.sers is drawn off in 
the hand or other ladles from time to time. The ajipeuranee of the carbon monoxide 
flame hurmng at the exit tells the ojierator when the distillation is finishing. When 
eoniph'ted, the spi'iit residues ure removed, and the cycle begins anew. The pro- 
gress of the distilhition can he observed through the open conden.sers of the Relgian 
and ItlK'nish systems Tin' whole l yelr of operations occupies about 21 hrs. of 
which 11) hrs. are taken up hy th** distillation. 

As jireviously indieated, the term speller is applied in commerce either to all 
ingot zinc, or to a mefjil containing up to about D!)'8 per cent, of zinc. If 
the metal eontauis over tins amount of zinc, it is called fine zinr The term 
zinc ivS usually reserved for the rolled metal, and for use m chemical ami 
mineralogical nomenclature. Commercial spelter contains from UMKi to 2 r)5 
per cent, of lead; OUl to 0 2(1 per cent, of iron; OOd") to ddl) per <eiit. of 
eadiiiiuru ; and up to 007 pi-r cent, of tin ^ The lead is (halved from the ores, 
and it distils ovi'r with zine Tin* amount of lead in znie cannot he ri'diieed 
iiuieh below t)2 ])er cent, by distillation; there appears to be a eoiistanl boiling 
mixture formed as in the ease of aq. soln. of hydroehlorie aeid, etc. Cood 
spelO-r should not contain over I b jier cent, of h'ud, The iron in spelter does not 
come from the ores, but is taken up when zinc is remelted in iron vessels, or stirred 
with iron rods. The presi'iieo of iron reduces the malleability of the metal. Cood 
spelter doi's not contain more than 0 Ob jier cent, of iron. Ihobahly all zine contains 
some eadmiuin, and this element is not considered partieiilarly ileleterioiis, hut it 
makes the metal more brittle, and when used for galvanizing, the presence of eadiniuiii 
makes the eoating more liable to peel off this is serious on Odephoiu' and telegraph 
wires when the sharp bends make the eoating eraek or peel, e.xposing the under- 
lying metal It is derived from the on‘s, and distils over with the zme. Traces of 
arsenic are u.sually piesent. Eight samples of Belgian, Silesian, Rhenish, and .Viiierican 
spelters eimtuined fiom 0 002 to 0 OtjO per rent, of arsenic ; up to 0 02 per cent, of 
antimony ; from 0 Ot)l to 0 070 per cent, of sulphur ; from 0 (K)1 to O’ 178 per cent, 
of carbon ; '* from 0 (XJ2 to 0 |.'t7 per cent, of silica ; from 0t)t.X)2 to 0 112 jier cent, 
of copper , and in some eases slight traces of bismuth. 

Many studies and modilieations of the carbon reduction and distillation processes 
have been inade.'^ Other reducing agents have been suggested — W. E. Blass ® 
used carbon monoxide ; 11. Coldschnudt, aluminium ; A. G. Betts, silicon or a 
silu'ide, alloys of aliimimum. calcium, or magnesium, or a carbide ; L. M. Bullier, 

E. W. von Hieinens ami J. G. Halske, and 0. Erolieh, calcium carbide. Insti^ad 
of [iroducing zinc ilirectly, iirocesses have also been devised for recovering zinc 
from alloys with other metals - load, nickel, etc.—and also from slags.® 

The hlftst furnace treatment of zinc ores, — Many attempts have been made to 
dispense with the large number of retorts employed in the ordinary' distillation 
proeess, and to make the smelting a continuous process. E. F. J. Duclos and 

F. L. Clerc proposed the use of a closed blast furnace with a hot blast, and a con- 
densing apjiaratus. The latter emphasized the importance of keeping the zinc 
vapours diluted as little as possible with carbon dioxide, and of not cooling the 
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vaj>our bt'low the lu }>. of the metal m aM to avoid the formation of blue powder. 

E. K. Lungwitz proi>osc*d to smelt zinc urea in a blast furnaee worked under a nn'tw. 
of about I2ti Iba per stj in with the idea of raising the b p, of tin' metal. 0, Nagel 
als<» Worked a im.xtiire of the zim ore with eoal in a bla>t furnaee mamtamed full 
of water gas sujjplied through tuyi'rt's. 8j‘elter was sueee.ssfully prodiieed. but the 
lo-sMS due to the formation of too large a proportion of blue powder and zine oxide 
Horiously haiujH'n'd tin* pro(e.s.ses 

The electrical smelting of ainc ores.- c (J. P de Lival intrt>diie<(l the 

elect rie smelting of zme ores in Scandinavia, alumt IIKM. The ore of zinc may be 
mixed with «arbtm, and charged into an electric furnac<* in sucli a manner u.s to 
form on its bottom a pile or stack slc»j»ing b\ gravity opposite it) a source of cdcclrn 
lieat The jtilc* of ore is continuous into tin* shaft intt) winc h tlie on' is c hargeci 
As the ore melts on its sloping fac«‘, it llow.s int<c a depn-ssc'd part of tin* furnace', 
whcMice tlie slag may Is' wiihdrawn. .1 fn'sh surfac'- <d tin' or<' being continually 
c'.Yjiosc'd to the radiant heat The volalih/.<cl zinc .ind the' gasc's gi'in'ralecl iia\c' 
e.vit b\- a separate' outlet for condensation. Tlic' proec-.ss has mic c c'.ssfully juocluc'ed 
good .s]M'ltcr at TrolUiatlan (Swich'ii). Spaisborg (Norway), llaitforcl (t'onnectic'iit). 
Nelson (Pritish Columbia), and Ilamborn (Weslplialia) Manx otlier tyjn's of 
electric al smc-lting have* been jcroposetl \\ hc-n' cheap clc'c trical energy is available, 
c'lectrical smelt iMg liolcls alluniig promises t>f comiiic-reial siic'c’ess. but wlic're (‘lic'a|* 
('lectiical power IS lint a\ailablc' the < onsiiinjiticui of ll.*,<K.H) kilow.itt hours pc'r tnii 
of ini'tal i.s not a conirm reial projiosition 

The extraction ol zinc by wet processes.- /anc- cannot )><' pric ipitaiccl from 
solii of its salts by iiic'tals winch do not oxidize' at ordinary temp. , if ollu'r pre 
' ipitants are used, tin' /.iiic* is obtainecl as oxide* ; tins must be* mixed w’lt h c aihoii. 
aiicl tn-.itccl for /tm bv the di.stillatiuii proi-ess 'I'hc* high cost of the- \\c-t proeeshcs 
of extraction inxohing the' leaching of the ore for zinc salt, say sulphate, and its 
.sub.sccjuc'iit eoiiversicm of the sulphate' to oxich-, etc-,, was formetly prohilutive ; 
hut the growing demand for wlnb' pigments fn c- irom h-acl c </. litho|jhone, etc- 
has rc'Tuleiecl it pos.^ihlc to I'Xtract eeononncallv tin* zme in tin* form of Hulphafc* 
instc'ad c)f as metal The subject has bc-eii mvc-.stigated bv (). C Jtaisbm 
In iSil .1 iSwiinlelhs proiHised to roa.st /nn- blc'inh' with .sodium chlorich* in an 
oxidizing lire' < hUirnliinuj extract tin* sodium sulphate, feme chloride', ainl 

/me chloride* witli water, prc'cipitatc tin' zinc hvdroxnh* with lime ; and then in'at 
the hvdroxidc! for zinc hv the distillation {»ro(e.s.s A C. Ib'c-cjnerc'l, W. Stahl, 
A Gurlt, <’ Uo|ifinT, W J Huddle*, and otln-rs have suggc*st**cl modilic ations of (lie 
proc,ess E A Purnell, and 11 Pape roastc cl tin* sulphide or<‘ to suljiliate, leivc ln'd 
with watcT, evaporated the- puie znn sulphate- solii to a paste-. lreat*‘d it with zine 
sul|dndt , and hc'ated the mixture- to jirodin c- /ineoxnk' : TZnStk j ZnS l/iiO flStl.^. 
Soil! of .sodium c»r amniomuiii c hlornh', or asiiilalde halogc'n salt, are available* foi 
disMiUing out tin* Ic*ad sulphate or (-hlorid<*. 

J Scviiibijriif cincl 1-] A Adieneft c-blorinatecl the scilplndc! with gUHC'caiH c'lilcjriin* at a 
dull rc'd hc-at, uiid mudilieations ha\«’ Iss-n suggested by 1*'. W. 'j rajihagc n, )•'. Jtirluird, 
A. Ti\it-i, (i Carrara, and G .Mojuna S'-vc-ral prueussew have bc'c'u deviscMl in wliieh the 
oxicil/,t‘d or roasted oro is tri-uted with an aeid (‘xanipl'-, K M I-yte, J. W. \Von«’y, 

J. A-sIs'c-k, J'l I'Vrrarw, I’. Hart, etc, c.xlracl<d tho roasted ore with sulphurie w’ld ; 
K M byte, etc , with hydrochlone aeid ; and K. A. Aaberolt, with a soln. of ferno eldornh-. 
C Kellner, G. Dautin, C. Hoj.fner, V. Lindt, and H Hrundhor-t, H. L SuJman, used 
sulphurous at-id. Soluble /.me- h\ diosulphitc'. ZnfllSO,)*, h fcirnic-d, and the soln. w 
pumj>ed into a tank where /me sulpfmo, Zn.SO,, w pn'<-ijiitai*-d 'Huh ih roHKfed to oxide, 
and the sulphur dioxide used for tia* treatment ol moro ground ore C. Selinabel, 

F. ElJershau.sen and U. \V \\'<‘st«Tn, .1 \\ ojta-iewitHcb, ete <-xtraeU‘d tin- /me oxide from 
the* roastc'd oro hy an ammemuical wdn. of aniinoniuin earhonato. F. K Klrnore (‘XtrocUsi 
lead and zine from on-s, ete , m whieh IhcM' inelnls fx-enr as sulphide's, hy hc-at mg w ith an 
acid agent — .sulphuric- acid, or a soln eontaimng sulphurie acid or an alkali hydrosuljihatc, 
hydrochloric aeid, etc. — whu-li eonverts the lead into a sohihle eoncjsmnd while the zinc 
sulphide rernains imat tacked. 

Electrolytic processes for the extraction ol zinc. -Mitny pro< esses bavti 



416 INORGANIC AND THEOBBTICAL CHEMISTRY 

been devued in which the roasted xinc ore is treated with a solvent, and the ainc 
precipitated electrolytirally from the soln., but (i) the high consumption of electrical 
energy necessary to deposit a strongly ciectroj) 08 itive metal like zinc from its aq. 
soln. using an insoluble anode ; (ii) the difficulties which are encountered at the 
cathc^c in preventing the formation of spongy zinc ; and (iii) the difficulties in 
roasting, lixiviatmg, and purifying the liquors so as to produce an electrolyte of 
constant and definite composition, have all militated against the electrolytic 'zinc 
industry. In 1862, J. Dickson described a process for obtaining zinc from its ores 
by electrolysis ; ho proposed to deposit this metal from acid, aq., or alkaline soln. 
obtained by leaiffiing roasted zinc ores, or by acting on the raw ores with acids. 
The suggested process attaini d no commercial success. In 1881, C. Liickow, and 
shortly afterwards C. Bias and E. Miest, devised processes for the direct extraction 
of zinc by utilizing zinc ore as the anode of an electrolytic bath-C. Luckow used a 
soln, of zinc and sodium chlorides as electrolyte, 0. Bias and E. Miest used zinc 
nitrate. L. Utrange proposed to roast zinc blende at a low temp, to convert the 
sulphide to sulphate. The zinc was leached out with dil. sulphuric acid, and the 
soln. on electrolysis furnished zinc and sulphuric acid. The latter was to be used 
again in the process. E. W. von Siemens and J. G. Halske tried (i) leaching the 
calcined ore with acid ferric sulphate liquor, when zinc sulphide and oxide were 
dissolved — on electrolysis, the lixiviating liquor was regenerated ; the zinc was 
spongy, and contaminated with much iron ; and (ii) leaching with alum soln. when 
soluble basic j^lum in ium salts were produced — on electrolysis, no acid was set free, 
but the lixiviating liquor was regenerated ; the zinc deposit was not satisfactory. 
The best results wore obtained by (iii) leaching with dil. sulphuric acid. Platinum 
electrodes, apart from their first cost, slowly dissolved in the technical liquor ; and 
fouled the electrolyte j ferric oxide proved useless ; but electrolytically deposited 
lead dixoide proved very stable chemically. V. Laszscynsky extracted roasted 
hlendo with the spent acid liquor from the electrolysis vat ; dissolved ferrous iron 
was oxidized by air or potassium permanganate and precipitated hv zinc oxide. 
Copper, arsenic, and cadmium were removed by hydrogen sulphide. ‘ The electro- 
lysis current was ITKX) amps, and 4 volts. In C. Ilopfner s process, modified by 
Brunner-Mond Co. at Winnington, it is said that the roasted ore is mixed with water 
and ground te a juilp, which is treated, in the presence of carbon dioxide, with the 
calcium chloride^ waste-li(|uor from the ammonia-soda process : ZnO f-CaCI^ 
■|C 0 jj->(.'aC 03 -| 55nCl2. The iron, manganese, and electronegative metals are 
electrolyzed between graphite anodes, and rotating iron cathodes. 'Phe chlorine 
•'volved at the anode is used in making bleaching iiowder ; the zinc is said to be of 
9D’9r) to 99'98 per cent, purity. 

/inc is far more electropositive than hydrogen, and it inigiit be antieipah'd 
that cathodic deposition would not be poss'ible in the presence of an appreciable 
amount of free and ; but highly purified zinc is but little affected by acids— even 
10 per cent, sulphuric acid. Zinc can be successfully deposited from acid soln. 
when a high current density is used because of the high over-voltage necessarv for 
the discharge of hydrogen from a zinc surface ; and from an electrolyte conteining 
zinc and hydrogen tens, the former is preferentially deposited. If the zinc he of 
a low degree of purity, the hydrogen over-voltage is low, and the zinc dissolves — 
iron, silver, nickel, copper, or arsenic act in this way and favour the dissolution of 
the ziiK' ; while tin, cadmium, and lead are less active. Similarly if the electrolyte 
wntains one of these metals, the discharge of hydrogen is favoured and the deposi- 
tion of zinc hindered. A high current density raises the over-voltage, likewise also 
a temp. Hence, those two conditions, coupled with a high zinc cone, and low 
acid cone, in the electrolyte, favour the deposition of zinc. 

The zinc should dejwsit as a compact, coherent, grejrish-white, finely crystalline 
mass with a slight tendency to give irregular growths at the edges ; but it is very 
prone to form a spongy dark-coloured voluminous mass which is liable to cause 
short-circuiting, and introduce difficulties in melting owing to its enclosing some 
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plectrolyto, and to its liability to oxidation. Tht* conditions nccossary for the prtKluo- 
tion of a satwfac t<»rv dej>osit of zinc have bei‘n made clear by the work of M. Kiliani, 
F. Mylius and 0 Fromm, and F. Fdrst»*r and 0. (iiiuther. It is generally as.suuuHl 
that the formation of sptttufy zinc is favoun'd by the presi'iice of zinc oxide, or basic 
zmc salt.s in the electrolyte, which disturbs the crysUllization of the metallic zinc. 
A low acid cone, therefore favours the formation of sjamgy zinc. D<‘iK>larizers 
which form acids on rediu tion usually hinder s|Hmge formation hypo<‘hlorous 
or prsulphuric acids ; on the contrary, oxidizing ageuta whu h give neutral or basic 
substances on mluction favour sponge formation--*’ g. hydrogen peroxide or nitrates. 
Hponge formation rapidly sets in when zinc is dejiosited from alkaline soln., although 
the excess of alkali prevents the precipitation of oxide or basic salt. A. Uantzsch. 
however, found that alkali zincate soln. are strongly hydrolyzed, and contain colloidal 
zinc hydroxide. 

Wiiatever favours the discharge of hydrogen ions t4‘nd8 to produce spongy 
zinc, and once the sponge is dejtosited, the disi'harge of the ll'-ions will increase since 
the over-voltag»‘ of hydrogen with zinc sponge is less than w'lth the massive metal. 
A high current density and a low Uunp. favour the formation of a coherent tle]»osit. 
The relation Ijetween the temp, and the current deiLsity—amps. per sip dm. - re- 
(jUired for the’ production of a coherent depo.sit of zinc, is illustrated diagramnial ically 
in Fig. T). Irn’gulanties on the surfaee of the cathode cause the current density 
to fall loi iillv. If the electrolyte be not renewed owing to 
poor I irciilatioii the soln. m tlu* vicinity of the cathode is 
ilepleted of ziiic lons, and there IS a further fall in current 
density, lleiici', a good circulation of the electrolyte, and 
the iiN' of a moderab'ly <one soln. of the zine salt say 
fO ik) grins per litre favours the deposition of coherent 
zmc. The presiUKc of an electro-negative metal in the 
electrolyte favours the formation of H[>ongy zinc. 

I’k’veral works have prodm ed zinit liy an «’lectrolytie 
proccsss--*' r/. tlie Anaconda Co. has an electrolytic plant 
proilucing up to l(»0 tons per diem; another plant at 
Trail, BntLsh (.’olumbia, can prodiue 10 Oms per diem; 
another plant is working at Uisdon, Tasmania; et*-. Ac- 
cording to F. JiUist, F, F. Frick, J. 0. Elton, and 
U, 11. C’aplcs, and S. Field, the process, in general outline, involves : (1) The ralnna- 
Iwn of the ores under special conditions to rend«’r the zinc soluble m suljihurie a< id. 
(2) The cxlravtion of the zinc from the calcined ore by the acid-lKpnir from the 
electrolytic cells. The crude zinc sulphaOi s<jlri. so produced cuiitams about 10 
per cent of zinc sulphate; 0 05 ]mt (MUit. of copper; 0 03, cadmium; OiO, 
manganese ; 0 05, iron ; OOl -OOOl, cobalt ; OOl OOOl, nickel ; as well as a little 
arsenic and antimony. Most of these impurities are highly detrimental to th<' 
suci’cssful clectro-dejiositum of zinc. (3) The purtfiaUion of the crude liipior is there- 
fore of vital importance. Many paOmted im-ihods have been d<; visual. (4) The 
acidifu'iUion of the purified liquor is necessary for economical electrolysis. This is 
ellected by regeiu-rate*! acid, and the acid li<jiior from the electrolysis cells. (5) The 
elcLirobjsi^ i.s clTccted with lead anodes, and alumiuium cathodes, (b) The diqjosited 
zinc is easily detached from the catiiodes, and luelkd into ingots. The silver and 
lead in the residues remaining after the extraction of zinc from the calcined ore 
may be recovered as argentiferous lead. The eh;ctrod**jM)8ition of zinc lias also been 
discussed by J. T. Ellsworth, and W. G. Traub. 

The extraction of xino by the electrolyiis of fused salts.— Tiic prisiiu ticm 
of zinc by the electrolysis of the fu8i*d chloride has bo<*n investigat'd on a small 
and on a large scale. Flow'd zinc chloride is the principal product of J. Hwinburne 
and E. A. Ashcroft’s and 0. E. Baker and A. W. Burwell's processiis for the chlorine 
smelting of complex ores. It has also bet'n proposed to prepare zinc chloride by 
the action of hydrochloric acid on the roastd ore, and to evajiorat, fuse, and 
VOL. IV. 2 K 
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electrolyze the product. The difficulties conaected with the electrolysis of fused 
zinc chloride have been investigated by R. Lorenz and co-workers. One of the 
chief difficulties is the preparation of anhydrous zinc chloride in vacuo. If zinc 
chloride be inelU*d in an op(‘n crucible in air, and electrolyzed between carbon 
electrfxles, much gas is evolved at both electrodes, zinc chloride vapours are evolved, 
the fUst'd mass Isjcomes turbid and a bad conductor, and no zinc is produced. If 
the zinc chloride be brst mixed with sodium chloride the results are better, but still 
very bad. The trouble is due to the presence of moisture, derived largely from the 
flame gases. If the flame gases have no access to the melted mass which has been 
heat<!d until fuming has ceased, hydrogen and oxygen are given off when the current 
is first passed ; grail ually, however, the evolution of hydrogen slackens off, and 
chlorine takes the place of the oxygen, Zinc is then produced, and the liquid 
remains clear. Hence, the water can be removed from zinc chloride by heat and 
electrolysis. The zim* chloride for this purpose was prepared by R. Lorenz by 
conducting the last stages of the evaporation in an atm, of hydrogen chloride. 
J. F. L. Vogel prepared this salt by evaporation. Another difficulty is the wear 
and tear on the electrolytic cell when heated externally. There is also a loss due 
to vaporization and the formation of a metal fog studied by S, Griinauer. The 
formation of fog is much reduced if a mi.xturc of zinc and alkali chlorides be used ; 
thus, at the perc(‘ntage current efficieni^y was : 

KliHjtrolym . ZnCI, ZnCJ.fKCl ZnCl,^-Nat■I ZnCI,4-I-2NaCI 

(.’urrmt of (>mcioncy . 73 0 -To 1) 92'l -94‘7 83 0-80-9 89 9--91-2 

H. Sueliy found tin* e.m.f. of the cell Zn j fused ZnCl.^ 1 Gljj to be : 

150’ 500" 550’ coo’ C.'.O’ 

Volts . . 1 043 1 011 1 670 I '635 1 494 

and K. Lorenz found tin* decomposition voltage between TiOO'" and GtK) ' to be 149 
volts. If the zinc (‘hlorule contain.s iron, that metal is deposited before the zinc, 
the current elliciency is lowen*d, and the progress of the electrolvsi.s disturbed. 
G. Gallo obtained much hi'tb'r results by the electrolysis of fused zinc fluoride, 
m.p. 7‘M'\ or of a mixture of zinc fluoride ami sodium chloride melting at about 
WX)". 

The purification of zinc. — When ordinary zinc is dissolved in acids, a black 
residue n'lJiains, This was observed by .1. Helloti® in 173r), and by F. de Jmsone in 
1777. A. F. de Fourcroy stated that the black powder is iron carbide or plumbago ; 
L. N. VaiKiuelin said the black powder is iron carbide, and L. J. Proust (1806) stated 
that “ it IS commonly thought that the black powder is charcoal or zinc carbide ; 
it is nothing but arsenic mi.xcd with a little lead and copper which the reducing 
power of the zinc jirccipitaO's in the metallic state.” He also added that commercial 
zinc contains iron and manganese. It is thought that the precipitaU‘ produced 
by hydrogen sulphide, and called by L. J. Proust arsenic, was most probably 
oadmium, a metal not discovered until 1817. A. Vogel said the r<‘sidue contains 
carbon, iron, and lend : J. J, Berzelius and P. L. Dulong said that the impurities 
in zine are lead, tin, eopper, iron, cadmium, and sulphur. A. A. de la Rive found 
traces of tin, lead, cadmium, and sometimes more than one ])er cent, of iron. 
G. F. limlwell, K. Funk, G. Wittstein, G. Barniel, and 0. L. Erdmann and 
R. F. Marehund obtained similar results. R. fk’hindler reported the presence of 
iron, lead, arsenic, copper, nickel, cobalt, manganese, carbon, and a little uranium, 
but later obsi'rvers liave not confirmed the presence of uranium. H. W. F. Wacken- 
roder did not confirm the statement of K. S. L. Hermann that zinc contains cobalt, 
nickel, and manganese, but he found copper ; nor did he find carbon or arsenic, 
but ho admits that arsenic infght bt^ present in small quantities. A. Erdmann 
said that it is impossible to separaU* completely lead from zinc by distillation 
bi'cauw* of the partial volatilization of lead. Many reports of the prestmee of sulphide 
in zinc are based on the production of hydrogen sulphide when commercial zinc 
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u treated with ucid»—t.g. M. Blancard — but M. J. Fortlos and A. G^lia that 
the foruiatiuu of hydrogen sulphide can be attributiHi only to the partial rediu tiou 
of the sulphuric ar id by the nascent hydrogen/' and subsequently V. A. Jacquelaiu 
attributed the hydrogen sulphide to the presence of sulphurous acid or other com- 
pounds of sulphur in the sulphuric achl, and doubUnl if the metal reduced the 
sulphuric a<'id. C. W. Eliot and F. H. 8torer found every wimple of rinc they 
treated gave hydrogen sulphide when dissolved in an acid free from sulphur, although 
C. J. B, Karsten, and F. Alger found samples free from sulphur. Many reports of 
arsimie in einc are inal-observations due (1) to the confusion of the yellow sulphide 
of anwmie with the yelbw sulphide of cadmium ; (2) to the jiresenee of arsenic in 
the acid employed for dissolving the zinc ; and (3) to the use of U‘8t8 of insullii ient 
delica^’y. t’. W. Eliot and F. H. 8torer found arsenic in tin* great majority of samjdt's 
of conimereial zinc, and traces of many impurities x arbon, sulphur, magnesium, 
manganew, aluminium, arsenic, antimony, cailmium, lead, iron, cobalt, nickel, 
bismuth, silver, and copper. F. Meyer, E. .lensch, F. Mylius and 0. Fromm, 
A. Wagner, E. ibMchardt. (.'. Stahls(.hmidt, F. Hobineau ami (J. Kollin. tJ. Bonnet, 
etc , have also made obscrvatioius on this subjeet. Commercial samples of zinc have 
a|)pro.ximatcly the composition : 

Zn I’b Ko Cil Sl>, .\ii, Sti 

Khs trolytu* . . • 99 97 0 (107 OOIO 0 004 

S[K‘IU'r (Welsh) . .97 22 1,70 142 0 07 0 01 

t’oiruuon (Knj'lirth) . .98(59 0 51 1 72 0 0(5 0 03 

HiK'h nnul«* sjH'lter (Aini'riean) . 99 9(5 0 02 0 02 

S|s«lt( r (}Sile.sian) . . . . 98 92 1 07 0 02 0 02 0 Ul 

T. U. Bolfe found that between 1913 -Ki, the different brands of spelter contaim'd 
between OIU and 203 per cent, of lead, and up to 0 19 per (enl, of iron. 

J. B, Karsten obtained similar resnlKs in 1812. SpeiOT usually contains h'ss 
than 0 2 fM«r cent, of cadinmia, although the latter may rise up to 20 per cent. 
Arsenic, antimony, (opper, sulphur, and carbon arc usually jiroscnt in Om small 
a jiroportion to affect the [iroperties of the metal, 'fin, copper, ami uliimininiu 
may be found in rcmcited spelter. The purest zinc was found by (J. H. Williams, 
W. M. Burton, and K. W. Morley to contain carbon. (I ViollctO‘ and Jl. Funk 
said that the (arbon is free, not combined with zinc, as K. Stbindicr siijipoHt'd, 
(', Kunzel found zinc jirepared from scrap-zinc contained 0 2 to 0 3 per cent, of 
chlorine K Funk found 0 to 2 3 parts of sulphur in 10 million parts of zinc 
probably susj»cndcd therein as zinc Hulphuh*. K Friedrich found small proportions 
of silver 111 zinc ; and A. Streng found thallium m the zinc from Vicillc Montague, 
1). J^acini found that zinc is more readily freed tliau other nu'tai.s from radioactive 
impurities, 0. I). S»holl discussed the impunties in electrolytic zinc. 

lyaii in spcIOT is considered ohjcctionabh* for many j)urj>os<*s. When tho 
spcltiT contains 2 to 3 jier cent, of lead, it is refined by liejuation, A large bath - 
holding 20-30 Urns is kept inoltim for some days at as low a Omip. as jioHsiblc. 
The bulk of the lead accumulates by gravity at the Imttoin, and a l)etti*r grade of 
zinc, with 0 8 to lO per cent, of leml, accumulates at the top. This 0 8 to 10 
|>er cent, represents the .solubility of lead in molUm zinc just above its m.p. The 
insoluble lead settles in minub^ globules. An alloy of iron and zinc also settles 
just above the lead, so that some irt^n is simultaneously removed from the sjielter. 
Li’ss fusible impurities float as a scum on the molt<»n metal, and can 1 h‘ skimmed 
off. Ke-distillation is sometimes used for re'covering zinc from alloy.s rich in lead, 

G, C. Stone has report'd analyses of American spelti^rs. Jn 1911, the American 
Society for Testing Materials suggested the following four grades of commercial 
spelter : 



Pb 

Fe 

Cu 

MAXlntiiin total 

A . — High grade 

. 0-97 

0*03 

04)6 

010 

B . — Intermediate . 

. 0*20 

0“03 

04)6 

0-60 

C. — Special, brass 

. 076 

04)4 

0-76 

1 20 

Z>.— Prime Western . 

. 1 50 

04)8 

— 

— 
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G. C. Witt 9 t#Mii r<‘( oinfn<*aded purifying zinc by distiUing the metal once or twice 
from a clay retort ; V. A. Jacqiidain diatilled the metal in a stream of hydrogen. 
J. J. lierzeliuH and I*. L. Dulong added that distillation does not remove the more 
volatile metals -arsenic, antimony, cadmium, and lead- and the zinc after distilla- 
tion still retains these impurities. H. N. Morsii and W, M. Burton distilled com- 
mercial zme in vacuo, using a glass tubt^ divided into three compartments. The 
metal was distilled from the first compartment into the second and third ; when 
about one-fourth still remained in the first compartment, and about one-tenth 
had passed into the third, the operation was stopped, and repeated four times on 
th(! contents of the second compartment. The metal wt^s spectroscopically free 
from lead, (admiiim, tin, and indium. M. J. B. Orfila and A. Meillet fused 
granulated zinc with a littl<> nitre to remove arsenic and iron. J. S. Stas removed 
l arhon fnnn zinc hy melting it with litharge — this introduces lead into the zinc. 
R. Funk removed sulphur and carbon by melting the metal many times and filU'ring 
it through ash(‘stos. K. D. Bohannon obtained iron-free zinc by reducing zinc 
chloride with sodium. J. W. Gunning, G. Bonnet and M. Sidiwake, W. Mertx^n, and 
F. Htcdha rerommended fusing zinc with sulphur or a mixture of sulphur and sodium 
carhonate to remove arsenic. P. Ijohmann recommended removing arsenic by fusing 
the metal with ]iotassium cyanide ; (J. Mann, fusion with borax ; F. Sidmi, fusion with 
ammonium chloride ; 0. Hehner, and L. T. Thorne and E. H. JelTers, fusion with 
sodium ; T. I'llCte, fusion with dried magnesium chloride ; and H. lii'scceiir, fusion 
with nitre, or with zinc chloride. F. Mylius and 0. Fromm said that purification 
by fusion with nitre or sulphur, or by distillation, is incompleU‘. J. Myers has 
claimed to have prepared zinc with but one part of impurity in lOO.OCK) parts of 
iiK'tal. 

Zinc of u high degree of purity can l>o obtained from zinc-ethyl, «md when eh'etrolyzed 
with platinum as anode and zinc as cathode, the plectro-(le}K)sit<Hl metal contains a tnwe of 
]»latinuin; hut, by using a zinc anode, and working witli a basic soln. and low current 
(li'iisity spongy zine is obtained, w'hieh, by many repetitions of the priM.’ess, is free from fonngn 
iiielalH. The spongy metals should Isi w’ell washed, and frt'cd from oxide, by fusion with 
ammonium chlorid(\ and tinally, by subliination in vacuo. 

'I’he chrtrolytic refining of zinc, using sheet zinc as cathode, and plab-s of the 
impuri' metal as anode, eondueted us in the ease of eopju'r retinmg, has been only 
]»artially successful. The operation is not usually oconomii'al unless the anode 
ulimes are rich in noble metals, as is the ease with the zinc-silver alloy obtaiiu'd in 
Farkes’ process. i® In any east', however, the economic margin is small, and the 
older separatum by distillation has proved to be simpler and ehcaper ; hut, for small 
quantities, the electrolysis of the highly purified chloride or sulphate can furnish a 
metal of 1)9 91)8 per cent, purity. 

The extraction o! cadmium. G. Studler,!^ and F. 0. Doltz and C. A. Graumann 
showed that when eadmiferous zinc, ores are roasted, a certain amount of cadmium 
is lost, either by the volatilization of the oxide, or by the reduction of the oxide 
and volatilization of the metal. E. Jeiiseh reports a loss of ni‘arly (52 per cent, 
of tlie cadmium in this way. The cadmium oxide in the roasted zinc ores is reduced 
witli tlk' zine in the retorts, and owing to the great volatility of the metal, the 
cadmium distils first, and imparts a browmish tinge to the flame of carbon monoxide 
burning at the mouth of the retort before the bluish-green tinge of zinc appears. 
Cadmium accumulates partly in the liquid zinc in the condenser, and partly in the 
zinc fume in the prolong. When it is desired to recover the cadmium, the fraction 
which collects in the condenser and {iroloug during the first two hours is reserved. 
The eadmium is recovered from the zinc fume, by mixing it with coke breeze, or 
charcoal as described by F. Hollunder, and distilling it fractionally from the 
mixture. The temp, of the retort is kejit at about 800"', so that little more than 
cadmium oxide is reduced. In this way, a metal over 99'5 per cent, purity 
is obtained, H Moissau and A. J. P. O’Farrelley distilled the cadmium from its 
alloy hy heating in uu eleetrie-arc furnace. II. N. Morsi) and H. C. Jones heated 
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ratliuium powder in a stream of purified hydrogen for a long time, and then diatilUnl 
it in vacuo by the process employed by H. N. Morsj' and W. M. Burton for xino. 
The sixth distillate was spectroscopically fn'c from impurities. 

Wet methcHls of extraction have not come into us<*. They wen* uwd at first 
by K. Stromeyer, J. F. John, and W. Herajiath. F. 8tromeyer dissolved the 
cadmiferous zinc in dil. sulphuric acid ; pn'cipitated the cadmium sulphide by tn'at- 
ment with hydrogen sulphide ; dissolved the washed sulphide in cone, hydrochloric 
acid ; evajHirated the soln. to exjH*I the excess of acid ; and tn*atcd the soln. with 
ammonium carbonate in slight excess so as to dissolve any copper or zinc which 
might be pn'sent. The washed precipitate was ignited to convert it to cadmium 
oxide, which was then mixed with carbon and the cadmium distilled fn)m a zinc 
retort. Another method proposed by G. Jackel depends on the fact that when 
cadmiferous zinc fume is tn^ated w’itli hydrochloric acid, the zinc dissolvi's tirst and 
cailmium can l>e precipitated from its soln. in that a< id by metallic zinc. Hence, 
if cadinifenms zinc fume be treated with insufihdeiit acid to dissolve all the zinc, 
the excess of zinc will po'CipitaU* any cadmium w'hich may have passed into soln. 
The had will remain with the cadmium as a residue. The naidiie is then digested 
with hydrorlilone acid until tadmium begins to dissolve, thus showing that all the 
zinc has Is'en dissolved. The cadmium is jirecipitated from a soln. by zinc rods. 
The mixture of had ami cadmium is then di.‘<tilled. The soln. of zinc chloride* is 
(mated with lime when zinc hyilroxidc is pn'cijututed. 

B Kosmann trcat<‘d the zinc dust with a soln. of neutral ammonium carbonat/c 
the zme di.ssolved, (lie cadmium and lead remained as insoluble carbonates. Tho 
residue was heated to convert the lead int4) oxide, and then digest'd with a soln. 
of lead acetate, to dissolve the had oxide. The residual cadmium carbonate was 
converted into sulpliide by <liKsolvirig it in dil. suljihiiric. ai id and tn'ating it with 
hydrogen sulphide ; or into oxide by treating it with nitrii' acid, and siil)se(|uent 
evaporation of the soln , and ignition of the residue. He also extracted tlu* fume 
lirst with water, and then with dil. sulphuric acid. The two soln. were mixed and 
heated to precipitate iron and calcium siilpliute ; the soln was diluted and the 
cadmium pn-eipitated wdtli the arsenic as sulphide. When (he mixed Hiil|)hide was 
roasted, the arseim* was volatilized, and cadmium oxide n'lnamed. 

1) Lance treat'd the carbonab* or oxidized ore with an at] soln. of an alkylamiiie 
alone or in presence of aq. ammonia, and wlu*n gradually heati'd, the zinc is first 
precipitat'd as hydroxide, then follows the (admium hydroxide, W. (J. Hurnhold 
and (r. I’atclim extrai t'd the oxidized on* with an acid soln. of ferric sulphate, and 
siihsefpiently precipitat'd the cadmium. (). Huger trcat4*d the oxidized ore with 
a soln. of zinc ('hloridc and jiri'cipitat'd the cadmium by means of metallic zinc. 
K. Biewend found that metallic cadmium and cadmium alloys, wlu'ii heat'd in a 
gla.sH tube closed at one end, yield a eadrnium-nurror, accompanied by a Huhliinat) 
of cadmium oxide, dark grey when hot, and brown when cold. In tho cas<* of zinc 
ores containing cadmium, potassium oxalate is added as a reducing age.nt ; while 
calamine, an addition of spathic iron on*, is jireferahle. From tho moro volatile 
sublimat‘8 and distillates, that of cadmium can be scjiarated by igniting in a current 
of air, when tho former arc volatilized, whilst the latter is converted into cadmium 
oxide, which is not readily volatile. 

H. K. Hanley described a wet process in which the raw material is first obtained 
in sulphuric acid soln. This is treated with limestone and the j»recipitat4‘d mud- 
containing copper, cadmium, and zinc — is digestcil with dil, sulphuric acid, at (j0°, 
and the soln. separaU'd from the cupriferous mud. Cadmium is precipitated on 
sheet zinc as sponge-cadmium. This is dissolved in an acid cadmium electrolyte. 
Iron is precipitated with hydrated lime. Thallium, if present, is removed by sodium 
dirhromate in neutral soln. If arsenic is present it is removed by adding ferrous 
sulphate to the soln., and both iron and arsenic are prccipitaU*d together by hydrated 
lirnc. The soln. is then acidified, and electrolyzed. The cadmium deposit is finally 
melted and ingoted. 
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E. A, H. N. Morwi and H. C. Jones, and J. E. Bucher purified 

cadmium by diHtillation in vacuo up to nine times, W. S. Lorimer and E. F. Smith 
Hcctrolyzed a /uiln. of cadmium oxide in potassium cyanide ; W. L. Hardin electro- 
lys'd «oln. of cadmium chloride or bromide, as did also W. Borchers, P. Denso, 
A. Brand, F, Mylius and it. Funk, H. N. Morse and H. C, Jones, and R. Lorenz. 

G. Iircdi^',1® D. ZavriefT, and W. Tichomiroff and A. LidofT obtained colloidal 
zinc l»y forming' an (dectric arc with zinc wires under water. T. Svedberg made 
colloidal zinc and cadmium by connecting a glass condenser of 225 sq. cm. surface 
With the induction coil and attaching the secondary poles to the electrodes, which 
are iimnersed in propyl or isobutyl alcohol contained in a porcelain dish. The 
zinc was used in a granular form or as wire clippings. When the current is passed, 
sparks play between the metal particles, and in the course of a few minutes dark- 
colourf'd soln. iiri' fibtained. These contain no large particles and hence need not 
b<> filtered. The isobutyl alcohol is brownish-red in transmitted light and greyish- 
black in refircted liglit. (r. Bredig also made colloidal nadminm, and found that 
tin* zinc hydro.sol is less stable than the cadmium hydrosol. 0. Knoblauch noted 
Bredig's colloid has ])hotoelectric disiiersive powers. 
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§ 4, The Physical Properties of Zinc 

ZiiK i.s ;i ^irryisli-wliito or ami it Ik .suM'(‘])tilili' of a high 

(if |ioliHh. Th<‘ cleavage plancH on a fn'shly fractured Hurfacc of an ingot 
of zme have a brilliant lu.stre. U. Ileiinig i found the coiujumition of cast zinc to be 
uniform in a high degree, A. Laurent and i\ Holms ob.si'rvcd the formation 
of small rhombic crystals of the metal in cracks in the iirccluy tulx's m vhich the 
zme had been distilled. These rhombic i ryslals contained four ])crccnt. of iron, 
(' K. I'lattner, \V. Kayser. (', W. Z«‘ng(‘r. F Stolba, and .! Noggcratli likcvviHo 
found long regular six sidcd prisms m tin* walls of drusy cavitu*s J. Nicklcs, and 

\V. Zengcr obtained jii'ntugonal dodeealiedroiiH by distilling zme m a stream of 
li\dro!.'<m, but the crystals wctc not ineasun'd. (1 H Williams ami W. M. Burton, 
(• W .\ Kalilhaum, K. Loth and I’. Siedh'r, ami I*. Terumo obtained cryKtals 
liy distilling the metal in vamio at a low tem]i S F. iSharjiles found zme crystals 
\Ner<‘ devi'lopcd at tie* hot junction <d a thermoelectric battery. JI. N. Warren 
jilaeed a magiu'sium rod wrapjied in coils of asbestos paper in a soln. of a zim' salt, 
and found t bat a zme-tn'e was develo]»ed According to (i Bird, if a zinc jilate dips 
111 a soln, of sodium c hloride contained in a porous pot dipping in a soln of a zinc 
salt. Ill wliieli is fitted a platinum or eo)>per j>late, when the < ireiiit is elose(i, crystals 
of zme an* formed, K Lorenz obtained six-.sidcd ervstals of zinc liy the eli*etrolyHis 
of the molten chloride : while F. Mylius and () Fromm (dituined analogous n'Hults. 
A Saposhnikojf placed two glass rods iii a photogra]»hie dish, ami arranged a 
gla.ss j)late to W’liK h a eopjier and a zinc wire were fixc*d to serve as eleeirod(*s. The 
glass jilate re.sted on tlie glass rod.s submergea! iii a soln. of zinc chloride or sulphate*. 
Miero.seopie erystal.s of zinc were produe(*d on the glass ])lat<». \), Tommasi, and 

T. Tommasina electrolyzed waU*r with a zme plate cathode and a thin wire anode 
and obtained crystals of zinc. R. Lu]>ke electrolyzed a cone. soln. of zim; chloride 
in a U-tuhe fitted with two ])latinum c-leetrodc*H. The lower part of the tube was 
soon filled with dendrites of zinc. W. Holtz obtained a zinc-tree on a small zinc 
cathode in a soln. of zinc chloride, and eonneet<*d for electrolysis with a couple of 
I,«eclanehe cells ; and J. Myers electrolyzed a soln of zinc hydroxide in acj. ammonia 
with two Bunsen cells. F, Schidlowsky ofitamcd microscopic dentritc's by using 
a zinc anode and a cathode dipping in wat<*r. J. Czochralsky compared the fpeed 
of crystallization of zinc with that of tin and of lead ; and G. Tammaiin and 
Q. A. Mansuri measured the velocity of cry.stallization of the compressed powder 
at different temp, and in different atm. 

The rhomlKihedral crystals of zinc w'erc found by G. H. W'llliams and 
W .M. Burton to belong to the hexagonal system with axial the ratio « : c-- 1 : 1‘3564. 
According to G. H. Williams, P. Termi<'r, and G. Linck, zinc and ca<imium are 
isomorphous, and form a eutropie series with magnesium. R. Hieth and F. Bcilstein 
found zinc-sodium alloys, low in sodium, form cubic cr}‘8tals ; and with arsenic 
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octaheilrai crystaln. J. P. Cooke al«o found that crystals with 18'82 per cent, of 
arsenic formed octahedral c ryatala Ixdonging to the cubic system. The proportion 
of arwinic in the«; crystals, added J. P. Cooke, is so much smaller than the amount 
required to form any probable definite com|>ound, that there can be little doubt 
that it is present as an irnjjurity, and that the octahedrons are isomor|)hous mixtures 
of the two elements. The presence of a certain amount of impurity seems to favour 
metallic crystallization ; and it is possible that it may be the disposing cause in 
this caw!, indmdng as it were “ a monornetric condition of the zinc."' If arsenic 
really (!an make zinc crystallize in the cubic system, tlnui zinc is probably dimor- 
phous, (J, W. de la Rue found that when commercial zinc plates are dissolved in a 
galvanic apparatus, rhombic prisms of a lead-coppiT-zinc allby remain. F. H. Storer 
found that zinc, alloys with up to .’K) per cent, of copper crystallize in octahedrons 
Ix'longing to the cubic systi'm. 

A. W. Hull found that X-radiograms of zinc c4>rres])onded with a close-packed 
hexagonal lattice. 'Fhey do not tit the hexagonal lattice with the axial ratio 1*356, 
but reipiiro an axial ratio I HtJt). The side of the ehunentary triangular prism is 
2'67(t A., and the distance Ix'tween the nearest atoms in the basal plane is 2*670 A., 
and in the pyramid ])lanes, 2 920 A. The comput4‘d density obtained by dividing 
the mass of the atoms in an eh-mentary cell liv the vol. of the cell is 7*04, the 
observ4Ml value is 7 H2. L. Hamburger made an ultra-microscopic examination 
of thin lilms of ziik-, 8. Nishikawa ami (J. Asahara, and M. Kttisch and co- 
workers studied the effect of rolling and annealing on the X-radiogram of zinc. 
W. Ij. Hragg found the atomic, diameter to be 2 (m A. The zinc lattice has been 
studied by M. I’olanyi, A. W Hull and W. P. Davey, etc. 

The fracture of an ingot of ordinary zinc presents numerous brilliant crystal 
facets set at various angles, and more or less hiliated m some < as(‘s the rryst^ds 
are in eonfus<‘d mas.s('s, in others, the crystal facets are large, even, anil distinct. 
In his paper : Znr Kcnn(n{.H dvr Molvvularvujetischaften dvn Zinh, P. A. Bolley 
showed that the structure of the ingot is mo<liiie<l eonsidcrablv by the timip. 
at whieli the metal is cast. For examph*, when poured just abovT the m.p. 
and allowi'd to cool slowly, the frae,ture is finely granular ; if heated to redness 
before pimriiig, the fracture is more coarsely crystalime ; and if heated to a still 
higher temp,, the fracture is coarsely i rystalline, and the rate of cooling has 
hut little influence on the crystals. Other things being equal, tlie slower the cooling 
the larger the crystals, so that an ingot will appear more coarsi-lv crystalime towards 
the centre, where thi* cooling is slowest. According to 0. jMeycr, and K. H. Schulz 
ami (). /(‘Her, the fracture id zinc which has hei*n heat.ed to 145*^-165'’ is (‘oarsely 
crystallim«. 0. Miigg»‘ has studied thi‘ cleavage of zinc. Zinc which has been 
crystuilized by annealing betw'cen 130” and ,'yH)' was found by S. Kalischer to lose 
its ring, and ilu' bending is aetxmipanied by a sound similar to that which occurs 
with tin. 

Ac cording to F. Stolha, if zinc be just melted in a crucible and poured on to a 
non-conducting surfacii of, say, asbestos, and the liquid portion then run off from 
that which has soliditlcd, a crust of hi'xagonal jiyramidal crystals will he obtained. 
Obviously, the e.xternal geometrical form of a crystal is developed in a liquid or 
plastic viscid solid. Wlien a cooling liquid solidilies, the growing crystals interfere 
with one anutiu'r, and the n^sulting solid appears to be a mass of irregular polygons. 
Most metals are aggregates of crystals grown imdor these conditions, and when a 
polished surface is lightly etched, the metal apwars to bt' composed of a number of 
grains irn'gular in size and shape ; but if deeply etched, the grains themselves also 
differ in texture. The texture is due to a numlier of small facets in each grain ; 
the facets are similarly oriented in any one grain so that the general surface of the 
grain reflects light in a particular direction. OrvstalliU's or incipient cr}’’stal forms 
an' common and show as a cross-hatching of the surface. The dendritic zinc 
crystals were studied by W. Campbell, H. Behrens, etc. The twinning of idiomorphic 
crystals also appears on etched surfaces. 
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When tlie metal w annealed, the cryatallitic structure (com{>oaed of crystal skclc. 
* tons) is rt'piaced by a well-defined crx’stalline structure. AiH'ording to G. Masiug, 
on heating zinc that has been coid-worked, priinarv nHTVHtallization of tlu' nietal 
begins immediately thrdiighout the mass without the formation of nuclei. As the 
temp, rises to ITO'-lOO*^ nuclei of secondary crystals Ix'gin to ap|a*ar in the mass of 
primary crystals, and these gradually increase in number and size if the heating is 
continmHi slowly until the whole of the metal consists of a mass of hvrgi' secondary 
crystals whicli are coarser the lower the temp, of formation and the longer the 
heating. If the metal is subjected to a secondary deformation, the st'comlary 
crystal nuclei Is'gin to form at Tt)*". M. Kttija h and co-workers found tlu* crystal- 
•Jites in soft wirt^s an* Arranged irregularly, ami in hard-drawn win's n'gularly. 
G. 1. Petrenko observed that a polished surface of zinc, coidetl slowly from alsivc 
its m j». to 18<) ' exhibited laree jadyhedra (84‘parate or interjumct rating) on which 
wen' promisi'iiously di8[>oscd comjiarativcly small ones. Tl\e latter wen* mon^ 
abundant w'hen the metal was quem hed from 300 ’ to ^h'lo' . but completely coven*d 
the surfaces of the large erystals when the metal was emded to just Isdow .‘UKI . Tlie 
jihenomenon w'a<s reversible, and was n'ganlcd as indicating tlic occurrence of an 
allotropic transformation In'tween ^OO*^ and .*100'. K. E. Hmgliam studic<l the 
microstriK'ture of zinc quenched in the ranges of temp. MipjioHed to belong to 
assunu'd a-, )3-, and y-forms of zinc and found tliat this liypothesis lits her obw'rva- 
tions. 1). H. Ingalls studied the relation l>etween the mechanical proj>erlics am) the 
microstructure. 

G. Timofcctf showed that zinc which has been Sijucezcd in a yi<c app»’ars homo- 
geneous, and under the microsi'ojie no crystals arc <lis<crnil>lc ; G. T licilhy also 
showed that the ]»oliHhc(l surface of the i rystalline metal is covered hy an amorphous 
gliLHs-like film winch can be removed by a suitable etehing lupiid, so as to expose 
tin* subjacent erystailme striudure. Wlien the iion-crvstallme metal is iiniu'iiled, 
n'ervstallization sets m, S Kalischer observed that r<‘cr\stallizaf ion begins at 
aliout ITiO . According to G. Tammann, large <T>htalH of zim- apje-ar at TT)*', an<i 
their size increases as the temp rises to 2'»() . and m< reases again wlem reheated to 
3.Vt : /. .IciTrics and it 8. Archer state that the low<*.st tem]>. at which the re» 
crystalli/af ion of cold-worked zinc has been ol*.s<‘r\cd is the room temj). F, Novak 
found that, within certain limits, th«' higher the aimculmg t<'mp. of zinc, the inon» 
ra))id the crystallization. At any given temj> , tie* si/a* of the crystal grains is 
limited by the duration of lu atmg II. Hehrims found recrystallization is ( omjilebal 
at 2tKi . The large individual crystals of cast zim become striated under a slight 
shock. J. A. Ewing and W. Uosenhain found <ommcrcial sheet zinc has no largo 
crystals, but is tough, and when heat<'d to 20<t for half an hour, it is crystalline, brittle, 
and, when Is'iit, breaks along definite ch'avage planes, ami <*mits a “ ery ” like tin. 
They alfwi found that when the metal is straim-d beyond its elastic limit, the surface 
of each er}'stalline grain iKToines marked by one or more syst4‘mK of lines 
generally running straight and parallel. The lines or slip-bands are slips 
along cleavage or gilding jilanes in the crystal. The directions of the lines change 
from grain to grain. The lines bt'come more and more nnnu'roiis and c'niphatic, 
the greater the strain. A. I^acroix found the percussion figure of zinc shows lines 
jiarallel to the sides of tlie hexagon H. ik'hreiis, and J, A, Ewing and W. Kosi'iihain 
have studied the twinning of zinc cr)'8tals. According to K. Colnm and K. Inouye, 
when a strip of zinc with a cross etched on its surface by an acid is kept in contact 
with another unetched strip of zinc by press, at KK/'-lW)'' for 17 JH hr.s., a similar 
cross will be dovelojxjd on the second strip. This does not occur at ordinary temp. 

For etehtng fine or oadmlum surfaeos, (}. TimofeefT uwh] a few dro[>H of a mixture of 
94 i)er rent, nitne acid and 0 per cent, chromic acid, acide^l to 50 or 100 c c of water ; 
0. H. Gulliver recomrmmdcd a aoln, of one part of ioilinc, 3 parta of |K>lawiiuni iodide, and 
10 parta of water. J. C'zrx’hralAky recommended a highly cone. soJn. of chromic acid, 
G. Cartaud used a soln. of picric acid in acetone ; 8. Kiuischer uwd xulpiiuric acid with a 
little nitric acid, or a soln. of cujiric sulphate. Five to ten i)cr cent. soln. of alkali hydroxide 
are often used. H. U. Hayoa recommended nitric acid of s(>. gr. 1 5 . 
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If over 01 per cent, of iron U present, distinct cr)'8tallit^*8 arc produced which 
are considered to bo the cause of the light specks on the crystal faces of a fractured 
ingot of zinc. If the zinc contains lead, the latter is rejected by the freezing zinc, 
and forms rainuO- globules often occupying the cleavage cracks caused by the 
contraction of the crystalline zinc during solidification. If zinc oxide be present, 
it often collects at the crystal boundaries, making them appear thick. G. Cartaiid 
has studied the effect of 0 5 per cent, atlditions of silver, lead, copper, bismuth, 
cailmium, tin, arsenic, antimony, iron, aluminium, manganese, nickel, and phos- 
phorus on the metal. E A. Isiwis, E. H. Schulz and K. Melaun, and F. Novak also 
studied the effect of impurities on the crystal structure of zinc. 

The reporU'd values for the specific gravity of zinc vary from R. Schiff’s 2 6*966 at 
12'’ to 1*. A. Holley’s and VV. (.'. Koberts-Austen and J. Wright.son’s 7-20. The best 
re{»resentative value, is 7'142. G. W. A. Kahlbaum and co-workers found the sp. gr. 
of distilh'd zinc to be 6'922.5 at 2oy4", and after compression up to 10,000 atm, 
7 12722. Acc(»rding to W. Spring, the sp. gr. of zinc is 7T42 at lb"’, and after 
compression for three weeks at 20, (HK) atm., TVhl, and aftiT a repetition of the 
treatment, 7 IfiO. G J. B. Karsten found the si), gr. of rolled commercial zinc is 
71!H)H, and after hammering and rolling the S]>. gr. may reach 7'2 or 7 3. According 
to S. Kalisclier, the sp, gr. of ordinary zinc at O'’ is 7'1H12, and when crystallized, 
7-lHll. r A. Holley proved that there is no variation in the s]). gr. of zinc at a 
given temp, before and after fusion ; any variation which may have been observed 
is entirely dm' to th<^ development of minute lavities in the mi'tal ; so that a ])iecc 
of zinc W(‘ighe<l whole has a lower a]>])ar<‘nt sp. gr. than when it is fractured into 
smaller pieces A. Matthi«'ss«'n found that the sp, gr. of redistilled arsenic-free zinc 
is 71 11 at IT)’.')''; after fusion 7‘ir»0 at ]i \ ‘ ; and after another fusion 7T49 at 15^ 
The original ])iece before distillation had a sp gr 7148 at 1.) . F. A Holley found 
the sp gr. is lower when the metal is cast at a high than when cast at a low ti'iiij). 
Thus, when poured near its m.p. the s]) gr. zim* is 7 178 uhen rapidly cooled, and 
71 IT) when slowly cooled ; while when poured almost at a red heat, the sp. gr, W'as 
7109 if rapidly cooled, and 7120 if slowly cooled. (!. F. Uammel.sberg on the 
oontrarv found that the sp. gr. of <’ast zinc is dependent neither on the ti'inp. of 
pouring nor on the nuxle of cooling ; he obtained between 7TO and < 16 for the 
slowlv cooled cast metal, and b('twt*en 7*01 and 7*14 for tlu' rapidly ('ooleil metal. 
K. E Hingham slowlv < ooled a piece of rolled zinc, and heated portions to difli'rent 
0'm[), for .'k) mins. 'I'he samples were then (pienehed. Sani])les heated to fk) had a 

sp. gr. 7*080 ; to KK) ’, 7*086 ; and to Ifk)’, 7*089. There was an abriiiit rise in sp. gr. 
to 7*16 for samples heated to 150" and higher tenij). as indicat'd in Fig. 6. 

T. M Lowrv and R. G. Parker found 



TtmptmCurcs 


Km. (l. 'I’ho Speoitie tJravity and Sclero- 
Bcopio Hanineew of Zinc annealed at dif- 
fert'nt Teinp<‘ratiireM. 


that as with most metals the sj) gr. 
of zinc is reduced by working. Thus, 
the sp. gr. of purilied zinc w’as 7*1374, 
and that of the filings from the same 
metal 7 1323. When comjdeti'ly an- 
m'aled, the. worked metal contracts, 
but when partially annealed there is 
an ex]>ansion. The sp. gr. of zinc was 
found by W. C. Roberts-Austi'n to 
change from 7*2 to 6*51 when melted : 
this corresponds wdth a contraction 
during solidification. C. M. Marx, and 
F. Niea and A. Winkelmann noted the 
contraction of molten zinc in the act 
of solidification. According to M. 


Tdpler, a gram of zinc expands (VOlO c.c, in passing from the solid to the liquid 
state. L. Playfair and J. P. Joule gave 6*512 for the sp. gr. of melted zinc ; 
G. Quincke gave 6*9. T. R. Hogness gave D=6*59 — 0*0(X)97(^— 419) for the sp. gr. 
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o! molten zinc at 6^. P. Pascal and J. Jouiiiaux found the sp. gr. of liquid zinc 
in an inert gas at the m.p. 418'* to be t> 92 ; at 6(HC, ti‘81 ; and at 8CR)'\ 8 57. 
According to W. T. Cooke, the ?apoiir density of zinc in an atm. of nitrogen w 
(hydrogen unity) ; in an utm. of argon, 36'4 ; in an atm. of hydrogen, 36 4 ; and in 
an atm. of helium, ^15 8. Acconling to V. Meyer and J. Mennkhing’s meaaurt'meiila, 
the vap. density of zinc vapour 2‘36 (air unity) corix’sponds with a monatomic 
molecule. 

E. Ihjiiath and J, Mayriiofer have studied the atomic volume of zinc. W. Thom- 
son, and G. Jiiger made estimates of the molecular diameter. The form«‘r deduced 
that “plates of zinc and cpjijH'r so thin as 4 X cms.,and placed as short a distance 
as 4 X 10~® cms. from one another, form a mixture <‘losely a}>proachmg U) a molecular 
combination, if indeed plates so thin could be made without splitting atoms.'' 
W. L. Bragg gave 0T32/i^ for the at. radius of the at. sj)here8; M. N. Saha, ()(I77. 
K. F. Slotte gave 6'3x l()“®cm8., for tlie edge of the molecule assumed to be a cube. 

C T. Heycock and F. 11. Neville det-ermined the molecular weight of zinc dissolved 
in cadmium, tin, lead, and bismuth. 

According to E. CoIkui,^ when zinc of sp. gr. 7129 is heated in the ]>reseiice of a 
sat soln. of zinc sulphate for 33 hrs. at lOO'", its sp. gr. falls to 7’1(>2 ; hence, it was 
inh'rred that ordinary zinc is in a metastahle condition and that the ullotropic 
modilication formed at the higher temp passes slowly at ordinary temp, into a 
stal)le variety having a sp. gr. 6'92. There are indu ations that the transition temp, 
is near 64 9''. 

Ordinary zinc is a comparatively soft metal, though much harder than tin and 
silver, and it clogs a tih‘ ; hut when pure, zinc is HofU*r than silver. According to 

Margot,'* if glass is (piite dry, it can lx* si'ratcluul hy zinc. According to F. (’. (’al- 
vcrt and B .lolmson, if the hardness of east iron b<‘ KKXh that of zinc is 183. A. Kurth 
gave 46 0, C A. Edwards 45’,"), for the hardness of zinc on Brinell's scale. TIk; Brinell's 
hardness of east zinc is 38 1 , copper 40'0, and silver 24 8. Purilieil zinc is apjireciahly 
hardened by (pienching in water afOT easting. .\<‘cordmg to T. K. Bose, zinc is 
hardened b\ inc( hanical treatiaent—c f/. rolling- and requires annealing for half an 
hour at 12.') \ Zine hardened hy rolling is in an unstable londition at ordinary 
t4Miip., and gradually changes to the st)ft state. Thus, the scleroscojie hardm'ss of 
a Hamjth' of rolled zinc was 36 0, and afOT 97 days the hardness had fallen to 31 0. 

K. E Bingham na'a-sured the hardness of zinc heaO'd to dilferentteni]). for 30 mins, 
and then suddenly quenched. The Brinell’s hardness O'sts were somewhat erratic, 
but the scleroscopic tests are represi*nt4*d by dott4‘d curve. Fig. 6. There are critical 
])oints at 160“ and 3'}0“. P, Ludwik found the curve rej)resenting the variation of 
hardness with Uunp. is continuous, and slightly convex towards the t(*m]i. curves, 
whether the metal has beeu slowly or raj)idly cooled. The hardness of zinc is usually 
rais4)d by the preseiu’e of impurities: thus E. A. D'wis found the hardiK'Hs of zinc is 
raised by phosphorus; C Karmarsh found a similar result with 01 ]»er cent, of 
iron and 0*5 per cent, of eopj)er ; whih* F. Novak found 0‘25 j)cr cent of cadmium 
makes zinc harder, and over 0'5 per cent, makes the zinc suft4‘r. J. B. Bydherg, 

P. Budwik, A. Kiirth, and S. Bottone have also made measun*ments of the hardness 
of zinc. J. Okuho found the sclcroecopic hardness of zinc to be 10'8 when that of 
lead Ls 1‘35 ; he also measured the coefficient ot restitution on impact. 

K. lokibe and S. Sakai ^ found the coeflf. of viscosity of zine to r>e 4l0'7 XlO® at 
22“. K. Honda and S. Konno gave 27*4 X 10® at 20“ for the co<*fI. of normal viscosity 
of rolled zinc ; and 9*27 X 10® for the metal annealed at 2(X)“. Measurements were 
also made by C. E. Guye and co-workers. G. Quincke found the surface tension of 
zinc in air at 360° to be 967 4 dynes per cm., and the capillary constant o*=-28*6 
sq, mm. ; the corresponding numbers in carbon dioxide are 103*7 and 30*6 respec- 
tively. Between .580° and 6.30°, the surface tension of zinc is 707*5 dynes per cm., 
and the capillary constant 25*. 54 sq. mm. H. W. Smith gave 707*5 dynes per cm. 
for the suHace tension of zinc at 580°-63<)“, and a*^24*8. T. B. Hogness gave * 
<r-=:758— 0*090(^—419) for the surface tension of nioIt<*ii zinc at 6'\ I. Traulc 
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gave 108/J00 megabarn or 10^ dynes per sq. cm. for the internal prossnie of solid 
sine. G. Meyer gave for the dU^on C0e£^ent of zinc in mercury, in sq. cm. per 
day, A™2’09 at 15'" ; and M. von Wogau, it—2'18 at ll u", and A;=2'90 at 99’2°. 
The difluHion of coj)pei into molten zinc was studied by 0, F. Hudson, and H. Weiss. 
Accordinj^ to A. Masson, the velocity o! 80lind in zinc is 3698 5 metres per sec. when 
the velocity in air is 3,32 metres per sec. ; G. G. Gerosa gave 3680 9 metres per sec. 
for the velocity of sound in zinc at IS*". H. Kalischer found that rolled zinc loses 
its sonorous ring when hrated, and the ring then l)ecomes as dull as lead — the higher 
the temp, the duller the sound. 

According to H. H'hreiis,* highly purified zinc is malleable and may be rolled 
into sheets at ordinary temp., but the commercial metal is then moderately hard 
and brittle. The malleability of commercial zinc lies between that of lead and of 
iron, and the ductility between that of copper and of tin. An ingot or cake of 
commen.ial zinc can be easily broken to pieces under the hammer. The malleability 
of zinc is very mucli greater than that of bismuth or antimony. The elongation 
in the tensile strength t^'st can be regarded as a measure of ductility— Fig. 7. 
H. F. Moore found that sheet zinc Is more ductile with the grain than across the 
grain {i e. jjerpendiculur to the direction of rolling) and that the ductility of zinc 
is loss than that of mild stirl. According to W. Campbi'll, if hammered or rolled 
cold, the crystalline structure is broken up and the metal splits and breaks up. 
Above 205", zinc is so brittle that it may be readily pulverizi'd by trituration in an 
iron mortar. According to A. F. de Fourcroy, the fact that zinc can Is.* pulverized 
in a mortar when warmed to a temp, below its m p. was know’n to P. J. Maequer 
in 1801. In IHClf), C. Hobson and 0. Sylvester mach* the important discovery that 
commercial zinc, between lOO"' and loO'", becomes malleable and ductile, and they 
obtained a patent for “ a method of jnanufaeturing the metal called zinc into wire 
and into vessels,’’ fur zinc, can then be rolled into sheets and drawn into wire, and, 
ufU'r cooling, these projierties are to some extent reUined. K. H. Schulz and 
R. Fiedler found samples of zinc with the notched bar impact test gave results 
varying from 0 55 to 075 kgrm. metres per s(j. cm. The resistance to impact 
decreased with fall of t<‘mp. 

K. ProHt ami .A. van tio fawtoole fouiul that the ductility of zinc w appK'oiably lowered 
by U'26 per cent, of cacliniuin ; 002 percent, of arHenic inake« zme harder and more brittle ; 
antiinony acts like arsi’ine, hut is not so harmful ; 0 01 per cent, of tin is objectionable ; 
conpi'r does not harden zinc if loss than 0'08 |>er cent, is prm*iit, hut the zinc cannot bo 
rolled if O il) per cent, is prest'ut ; 012 per cent, of iron is permissible ; and 10 to r25 per 
cent, of lead doi's not interfere with rolling, but a slii^ht increase affects the malleability — 
the excess of lead remains unalloyed, and forms jiatches on the slieet. 

It has l)cen suggesWd that the phenomenon near 170° is ]) 08 .sil)lv due to the 
transformation of zinc from one allotropic. form to another. Ik'sides E. Cohen’s 
two allotropic tonus of zinc (nV/c supra) with a transition about 64'9°, tliere is a 
third form with a transition about 170°, and a fourth with a transition at about 310°. 
Thesis two latkT transition [mints are in agreement with observations on the electrical 
resistance, electrolytic potential, sp. gr., hardness, mechanical [iroperties, and 
microstriicture. M. P. I^astschenko found a change in the s]). ht. curve of zinc in 
the vicinity of 340' -350°, which ho interpreted as corresponding with an allotropic 
change in the nature of the metal. The heat of transformation is estimat'd to be 
190 cals, per gram-atom of ziue. Neglecting E. Pohen anil W. D. Heldcrmann’s 
transition point, C. Benedicks asvsumed that zinc is triinorphous, W'ith enantiotropic 
transition points : 

170 * 310 * 

a-Zn ^ /3-Zn y-Zn 

P. A. Bolloy stated that zinc which has been cast at a low k'lnp. is more readily 
attu’ked by acids than the metal cast at a red heat ; and K. E. Bingham found that 
zinc ([uenched from the range of temp, of y-zinc is more difficult to etch than zinc 

Q uenched from the ranges of the j3- or a-forms. As pn'viously indicated, C. Bene- 
i('ks and R. Arpi stated that previous observations on the discontinuity in the 
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electrical reuistajH* of lioc between 170® and 3f»0® is due to the presence of cadmium 
or lead as impurities, but K. fi. Bingham regards this as an improbable ex[>)anation. 
For criticisms inde allotropic rx)p|H‘r. 

According to 0. Ment»'l, the malleability of sine de[H*nds to some extent on the 
temp, at which it has been melteil, for it is mon* iiiaiieable if (nmn'd near its m.p 
than if cast at a higher temp. A. Martens found the malleability to deereast* rapidly 
as the t<*mp. rises above IM)"* ; and, according to H. le Chatelier, the malleability or 
ductility changes with temp., thus ; ^ 

15“ 70" i:s»* 200“ 2:*0“ 300“ 

Kiont^atiori . . . i6*5 300 500 40 3 2 j>cr W'nt. 

Hroakitig load . . 12 4 3 0 2*4 0*9 0*7 0 0 kgrin. |ht tnj. mm, 

Zinc is hardened by rolling or mechaim al tn‘atment gein'rally, but the hardness can 
Ik? removed by annealing as jux'viously indicated, .soft sheet r.inc becomes brittle 
after it has b<‘en heat^nl to a temp, bordering on ita m p. lm})uriti(‘s in the metal 
have a marked influence on the malleability of zinc. Thus. (!. Karmarsch found that 
zinc with 3 jH'r cent, of lead may be rolled, but if one per cent, of tin is prcsi'iit, the 
zinc cracks at the edges during the rolling. F. Novak found that ziiie is rendered 
less brittle if it contains 0 25 per c<‘nt. of cadmium, and more britth^ if it contains 
over 0'5 per cent, of cadmium. According to C. Kunz«‘l, zinc with 0 2 toO 3 ])cr cent, 
of chlorine cannot Ik* rolled. According to K. Prost and A, \an de CasN'elc (lbl3), 
if the amount of lead in the zinc exceeds 1*25 per cent, the malh*abil)tv is r»‘duccd, 
the limit with cadmium is 0*25 per cent. ; while if over 0*02 per cent, of tin, arsenic, 
and antimony is prt*scut, the zinc is hardened, and this additively. 

H. Buff^ found the modulus ol elasticity or Young’s modulus to Ik? io,8oo u? 
11,1)00 kgriiLs. per sq. mm. ; and for cast rods of metal containing 01 jicr cent, 
each of lead, cadmium, and iron, E. Griineiseii found 12,370 to 13,100 kgrms. per 
sq. mm., while for impure zinc, with M per cent, of lead, 0*25 per cent, of copper, 
and 0 03 per cent. ea<h of iron and cadmium, ho found HlMt) kgrms. p(‘r sq, mm. 
W. Voigt gave 10, ‘300, and J. Kicwiet 10,477 kgrms. per sij. mm.; (1. Wertlieim, 
8734 kgrms. per sq, mm. at 15' for cast zim* ; (’. •Schafer gave 42191 kgrms. per 
sq. mm. at 20". (). Meyer found the modulus of elasticity of rolled zinc ])lato 
0 044 to 0*051 in. tliuk, is 12 815x10** lbs. per sq. in, with th(“ giain, lP.''»OxlO* 
across the gram, or an average of 13 02 X lt>® lbs. jier s<j. in. For annealed zirie, he 
obtained 15*95 X Hw. per sq. m. W. Sutherland gav«‘ the elastic modulus of zinc 
ts’tween 7070 and 10,5.50, or an average IKWX) kgrms jk t sq. mm. ; and lie estimatt*d 
that the elastic modulus is 9300 kgrms, per s<j. mm. at 15'‘ ; and M90 kgrms. per sq. 
mm. at —273". H. Mark and co-workers studied the mechanism of the stretching 
of zinc. 

For the tOTSion modulni, ngidity, or shear nvudidus, J. Kicwiet gave 3820, 
W. Voigt 3880, and C. •Schafer 1014*4 kgrms. per h<|, mm. at 20". N Katzenelsohn 
found 40 0 j>cr cent, change in the torsion modulus Ix'tween 0 and KK)', and 
0. Schafer, 48*37 [K-r cent, change Wtweeii -180" and 2t/'. W. Sutherland gave 
for the ratios of the rigidity at 100" to the value at zsiro 0*749, and U. Tomlinson, 
0*843. For the absolute values of the rigidity betw<*en 0" and 20" in grams jkt sq. ern. 
Lord Kelvin (W. Thomson) gave 300x10*, H. Tomlinson .'140x10*, and .1. Kiewiet 
380 X 10*. W, Sutherland’s mean is 350 x 10*, or 350 x 10* grms. ]>er sq. cm. at 15", 
and at absolute zero 426x10* grms. per sq. cm. H. Tomlinson rejmf8i?nted tho 
rigidity of zinc at by n<=«o(l-4)*0010861— 0*(KX)0049^f*). W. Sutherland gives 
njJS —l—{6jT)\ when? n denotes the rigidity at ; N, the value at absolute Z(*ro ; 
and T, the absolute m.p. 

P. Berthier noted that zinc wire 0*002 metre in diameter breaks under a load 
of 12 kgrms. J. Bauschinger found with tests lasting 6 mins, the average te n Mto 
itrength of rolled zinc is 29,100 lbs. per sq. in., and with tt^sts lasting 81 mins., 23,300 
lbs. per sq. in. Hence the rapidity of tesirng increases the tensile strength of 
rolled zinc, but with cast zinc the influence of rapidity of loading is slight. A. Martims 
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found for the ultimate tensile strength, in lbs. per sq. in., and the percentage 
tjloDgation aft<ir rupture : 

!!)• 27* MO* 120* 150* 170* 200* 

TunMilc Etrungth 200(K) 12500 8000 5790 7960 

Klongation . . 12 4 29'4 59'4 101 5 17 1 7 2 

The tennile Htrength Ih low, and the ductility is a niaxiiiiuni, at about 150°, and 
hence this is tlu; most favourable temp, for rolling. H. le Chatelier, and P. Ludwik 
made some observations on th<^ effect of temp, on the breaking stress of^zinc, 
J. Dewar found tlu‘ breaking stress of cast zinc rods, 0’2 in. diameter, at 15° and 
-iHT U) be resjiectively 25 and 26 lbs. pf‘r sfp in. 0. Meyer also found the results 
indicatf'd in Table II, wls^n; the data are e.xpressed in lbs. per sq. in. for plates 


'I'aiu.k JI. -Tkn.silk Stucnotii Tk.sts ot’ Kollco Zinc. 
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2,480 
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995 

1,710 
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13,640 
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11,100 

30,400 

36,800 

33,600 

17,500 

27-2 1 

9-7 

18 5 

4-6 

43 1 

17 

30 

5 

1,850,000 1 

14,500,000 

13,620,000 

15,950,000 


0044 to 0*051 in. thick. Bpecimens cut aiToss the grain, i.c. perpendicular to the 
direction of rolling, are rather stronger and .stitTcr than when cut with the gram, 
i.e, jiarallel to the direction of rolling. Phe Htrcs.sc.s at the ehv.stic limit and yield 
point ar<' verv low, and the yield point is not sharply marked, for th(‘ How of the metal 
at a high stri's.s goes on for a long time. A bm minutes^ immersion of the plab's in 
5 per eent. nitric acid did not appreciably lessen their ductility or strength. 
II. F. Moore found that zinc either rolled or east has no well-delined yield point and 
its elastic limit is very low. Zinc possesses a relatively high degree of plasticity. 
The ultimate tensile stnmgth of thin rolled zinc plab' (not more than 0 (),> m. thick) 
is about 21,(KH.) lbs. per sq. in. The modulus of elasticity of zinc in tension is about 
Id X lbs. per sij. in. The stress per sipiarc inch of area sheared developed in 
punching or shearing rolled zinc plates is about 4b per cent, of the stress devf'loped 
in punching or shearing mild sb*el plates. The energy jH*r sijuare inch of area 
sheared per inch thickness of plate required to punch or shear rolled zim* ]>lab'8 
is about 30 per cent, of the energy reijuired to ])uneh or slu'ar mild steel plates. 
K. E. Bingham nu'asured the tensile strength —ma.ximimi stress m tons jier sip in.-’ 
and percentage elongation on 2 in. Observations made on the metal at dilTerent 
b’lnp. also showed critical points in the maximum stress at about 150^ and 3(X)° ; 
and in the percentage elongation between 160° and 180°, and at about 300 . The 
tensile strength tests are shown by the continuous curve, Fig. 7 ; and the pen entago 
elongations by the dotted curve in the same diagram. The critical ])oint8 a])pear 
as brt'aks in the curve. Experiments were also made on test pieces which had been 
annealed at different temp, and then quenched, and they too showed critical iioints 
in the curve of inaximuiu stress for zinc quenched at 180°, and for zinc quenched 
between 300° and 310°. The percentage elongations gave critical points at the 
same temp. E. H. S<*hulz and co-workers have made observations on this subject. 
0. Meyer, and F. Novak examined the effect of cadmium and lead on the Umsile 
strength of zinc, and found that 0*25 per cent, raises, and over 0*5 per cent, depresses, 
the bmsile strength of zinc. 1*5 per cent, of lead and arsenic, antimony, and tin 
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make zinc brittle. E. Gruneisen s and A. Blailock's valued for PoinOQ*a ratio for 
zinc are 0*2 toO'3, i.e. the ratio of the tiauzverae contraction to the lon^^tudinah 
extension under tensile stress. B. MacNutt and A. Concilio discusacd the notaea 
which occur when zinc is stressed above w*rtain loaib*. 

T. W. Richard.^ and co-workers found the average oompreoibility, that is, the 
fractional change of vol. caused by one megabar press., between 1()() and TKIO inegabars, 



Fid. 7.-~Tho Tensile S(r»*ngth and Elon^aiion of Zinc at Different 
Temperaturaa, 

t4i lie 1 TixlD' • per unit vol. per inegabar,or 13 7DxlO“® per at. vul. per ntegabar. 
W. V’^oii't gave 0 11 to 15 X ID""* for the roinpressibility of zinc. 8. liUssanH found that 
a change of temp, had but a sinall effect on the coidf. of compresHibilitv wliich was 
l> 7D Xl(r*at!l'; 2 77 X lO'* at 10.5'^; 2'81 x 10 •at ir.r; and2-83xlO“«atl7<r. Tho 
vol. of zinc at (T is cMtiniafcd to change 0 0200 with a change of press from 0 to 12,000 
kgrms ]»er8<j. cm. L, II. Atlanm, K. D. Williamson and J. Johnston gave I ’Tl X 10“* 
per nu'gahar for the compres.sibilitv of zinc at zero press, and r'13xl0~* at 10,0(K) 
megabars [ire.ss. Tliey rejirewmtcd the change in vol., 8v jier e.e. produced when the, 
pn'Hs. changes from to p, by 0 20X10-* 1 1 ()77 XlO“*(p -po)-| l’52(p--po)*. 
What N. 8. Kurnakoff and 8. F. 8<-heintachtischny <*all the plasticity, i r, the press, 
reijuin'd to produce a flow of the metal through u given opening at ordinary temp, 
is 75 kgrms. per sij. mni. N. Werigin, 8, liewkojefT, and G. Tamnmnn also measiin^d 
the velocity of flow by pressing warm zinc and other metals through an o|M'ning, 
W. E. Daiby studied the plastic ext<‘nsion of zinc. When zine is eorniin’ssed by 
3(K) atm., C, J, Burton and W’. Marshall found a risi‘ of tomp. of 0'(H)2 ' : and when 
zinc is suddenly subjected to 388 atiu. jiress., the observed risi* is 0‘0(X)16 ' per atm. 
incn*ase of press. E. .Taneeke made, some press, measurements on zinc, and con- 
cluded that a transformation occurs between 104^' and 120’. The same method 
gave far too low a point for the in.p. of tin, so that these observations are not 
suitable for measuring the transformation points of a metal. 

P. Berthier's value ^ for the CO6ffici0Qt Of UoMT expansion of zine ladween 
O'" and 100'" is 0 00(X)29412 ; H. Fizeau’s value at 40*" is () ()00f)2918, and at fA)% 
0'00(X)2908 ; and A. Schulze's value is 0*000(K164 Iwtween 20'" and 100'". A. Matthies- 
sen’s value between 0® and 100^ is 0‘00(X)2976, and he found unit vol. at 0° becomes 
at 6% l-H)'OOOO82220-fO-OOOOOOO7OOt^* C. Schafer’s value for the coeff. of 
expansion is 0*00002905, and W. Voigt gave 0‘0(XX)251. N. B. Dorsey found 
0*tXXX)1910 at -170'’, and 0 0000rr2970 at 10'"; E. Onineisen obtained O O4IOO6 
between —IBS'" and IS'*; and 0*t)4l711 between 19® and BXJ®. H, Kopp and 
A. Matthiessen found 0 000089 per degree for the cubical expansion Iwtween O'" and 
100®. C. B. Comstock found variable results for the exj>anBion of zinc at the same 
temp. E. Heinemaun found that when a zinc rod has been heated for a long time, 
VOL. IV. 3' F 
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it does not roturn to itH original size on cooling. F. C. Calvert and R. Johnson 
measured the tlierrnul expansion of zinc ; they also found that if the thoitnal con- 
dtictifity of silver is 1(J(), tho conductivity of a vertically cast zinc rod is 62'8 ; of a 
horizontally cast rod, (Xr8; and of rolled zinc, 641. G. Wiedemann,® however, 
found that if the thermal conductivity of silver is 100, that of zinc is 19. F. A. Schulze 
stated that the conductivities of zinc, cadmium, lead, and tin are of the same order. 

F. E. Neumann gave the conductivity of tin as 362 when that of copper is 130’6. 

G. Kirchhoff and G. Ifansi^mann found at 15'^, the absolute value of the conductivity 

of zinc is (y2343 cal. per cm. per srp cm. per sec. per degree. H. F. Weber obtained 
the high value O’.7).06; A. Berget, O’.'iO'J between and 3i)'; and L, Holborn and 
W. Wien, 0 1192. W. Jager and Jl. DicsHcIhorst found 0*2653 at 18^ and 0*2619 at 
100“ ; and C. H. Lees gave 0*280 at —170', and 0*268 at 18“. G. Glage obtained 
0*274 for t!i(! ubfW}liit«* thermal conductivity at fiO", and 0*412 for the t<*mp. con- 
ductivity, t.c. XI !).<<, where A represents the thermal conductivity,/! the density, and 8, 
the H[t. ht W .lager and H. l)i«‘S.Helhorst gave 0 4066 for the temp, conductivity at 
18^' and 0.39M at lU)", with the temp. coed, of —0*45 per cent. S. Konno found 
the thermal conductivity of solid zinc fell from 0 263 at 18" to 0*22t) at the m.]). ; 
and on melting the conductivity of the Inpiid fell t(» 0*140 at 400 \ and to 0*137 at 
.578'', as illustrated in Fig 8. I‘. W. Bridgman found the thermal conductivity of 

zinc- increases linearly with press. 

11. Kopp fouml the specific heat of zinc to be 0*0932 betweiui 19“ and 47“ ; 

P. L. Diilong and A. T. Petit, 0 0927 between 0“ and 100"; H. V. Regnault, 

0 09.56 b<*tween 0“ and 20“ ; L. Sclmtz, 0*096.3 
lM*tw<‘en 0" and 100“ ; A. 8('liuler and W. Wartha, 

0 09.393; H. Tomlinson, 0*0!I83 ; W. Gaede, 0*093.56 
Is'tween 0" and 1(K)" ; A. Nacean. 0 0951 at 100"; 

G. W. A Kahibaum, K. Roth, and P. Siedler, 0 0939 
for di.stilled zinc, and 0 0940 for the same zinc which 
had b(*en comprrs.sed at 10,0(K) atm.; 1). J. J. le 
Verrier, 0*096 between 0“ and 110", and a very 
variable result, approximately 0*10.5, bet\v('en 110“ 
and ,‘JOO'''; and 0*122 between 300 .and 4(K)", and it 
increases rapidly over 4(.X)“. P. Schubel gavi; 0 0934 
at 1(K)“; 0*09644 at 200’; 0 0976 at and 

0 09924 at .396“. K. Biide represented his observa- 
tions at by 0*0865 4 (' <’^'fK)640 ; and A. Naccari, 
by 0*01K)7 40*UKK)444()^. F. Glaser obtained for highly purified solid zinc at 374", 
0*099925, and at l.’K)" when inelO'd, 0*175992 ; for zinc with 1 29 per cent, of lead, 
and 0*60 per cent, of iron, the S]). ht. at 281*5" was 0*099566, and at 488“, 0*18113. 

U. Behn found the sji. ht. at - -186” to be 0*0727 ; and H. E. Si hmitz found 0*0836 
for purified zinc at —18.5”, and 0*0931 at (50"; and respectively 0 083 and 0*091 
for the le.ss ])ure metal. For the s]). ht., and for the at. ht., (\,, E. H. and 
K. Gritlitha found the following data above — 127*.5”, and F. Pollitzer the numbers 
below that temp. : 

-iiofi*' -1 7a* -leTf)" -iiir or 'Jig" dog' o;:." vz'i-y 
Sp. ht. . . 0 0.'523 0*0(590 0*08421 0 08898 0 09170 0*09205 0*09412 0*09621 0*09670 

At. ht. . . 3*42 4*65 6*50 6*82 0*00 0 00 6*15 6*22 0*20 

J. Dewar found 0 ()384 for the sp. ht. of zinc at the kunp. of liquid air, and the corre- 
sponding at. ht. 2*52. J. W. Richards represented the sp. ht. of zinc at between 
0“ and 4(X)” by O*()lK)6-ftKKH.)140 ; and he estimated that the sp. ht. of the vapour is 
0*325 Cal. per cub. metre, or 0*076 Cal. per kgrm. I. Itaka found the sp. ht. of zinc 
undergoes a discontinuous change during melting, being, at the m.p., 0*110 for the 
solid, and 0*121 for the liquid; the corresponding at. ht. are 7*20 and 7*91. 

As indicakd above, P. N. Laschtschenko claimed to have obtained a critical point 
between 340” and 350” in his calorimetric observations on zinc. K. E. Bingham 
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found no critical pointa on the hattinn OOmt of einc 2,'’)'’ and dtK)*'. 

li. C. Tolman gave 397 for the entropy of rinc at 23** ; G. N. Ijcwis and co-workcrH 
obtained 38*17 (gaa)» and 9*83 (solid). 

An <*arly observation of J, Blot'k ** gave 260" for the meltillll point of aine ; 
L. B. G. de Morveaii, 374*^ ; J. F. Daniell, 412“^ ; and G. G. Person, 4, ‘13*3 ' and 415*3'' 
respectively with mercury and air thermometers. Among the later observ<‘rs, 
H. L. Callendar and E, H. Griffiths gave 417*57'' ; G. W. A. Kahlbaum gave 424' ; 
and F. Wiist and co-workers, 4P.P. The majority of modern observers L. Ibdborn 
and A L. Day, G. Hindrichs, L. Donsky, E. JI. Griffiths, J. IVtnmko, A. von 
Vegesack, K. l>‘wkonja, A. C. Kgerton, V, Meyer. If. L. Callendar, C Schafer, ete 
have given numbers very close to 119*4'', which K. S<’heel. P. I. Danaaml P. 1). Fiade. 
and W. Guertler and M. Pirani con.sid(‘r may be fak<*n as the best ri‘pn‘S«'ntative 
value. C. T. Heycock and F. II. Neville found the f.p. i.s depn'ssed by cadmium, 
aluminium, tin, and bi.smutb ; while it is raised by copper, silver, and gold. 
(\ Margot found molten zinc .sticks to gla.ss. A. 0. A.shman recommeiKh'd zinc, 
f p 419", as a fi.xed point in the calibration of ]>yrometers because the f.p. on the 
cooling curve is very siiarp ; then* is no undercooling ; the metal is vtTV little 
oxidized at this temp., and tlie oxide i.s not soluble in the metal and thendore has 
no inlluence on the f p. K. Glaser gave 29*Htl Cal.s for the latent h6ftt of lusion ; 
1) Mazzotto, 281 ; and G G. Pcr.s<in, 29*13 Cals, per kgrm., »)r 1*8 Cals, per grani- 
atorn. V. Cz<‘pinsky gave I '.»3 Cals. j)er gram-atom. C. T lleycoek and 

F. H. Neville gave 1 82 Cals per gram-atom. A. C. Kgerton, U. .1 J. le Verrier. 
and A licdebur have made ob.servations on this subject 

K, Tiede and K. Birnbrauer found that when zinc is heated m the vacuum 
furnace, it forms a crystalline siiblimab*. on a hot surface, and a mirroi on a cold 
surface C Barns, and G BulT and B. Bergdahl measured tin* vapour pressure 
of zinc in mm. of mercury and tin* temp, of distillation under two atm. pn*ss., and 
the former found : 

{My 7r>H'’ 7‘e.:’ s;n' s7:r vKMi’ 

Vap . .20 ,15 6.5 lOl I.5H 2U-I 42.5 .5.57 76« 

J, \V. Bn hards al.M) calculated the, following values for the vap ))re,ss. of zinc in 
mm of mereiir) ; 

I’is’ :n.:r 477 .mcj" 7o<’.'’ h-jc ichc Hilts'* lo^s' 

Vap, press . . 0(X>o2 0 026 0 770 0 2.5 .5S h2 212 760 lOlHK 12.5120 

The vap. pre.s.s eurvt*s for zinc, cadmium, and mercury are indicated in Fig II, 
A C Kgerton has made observations on tin* vap. press p. of zirn*. ainl at 
the alwiluti* temp. T" he found 

p -l-Kxlour b- 3 

per S(p cm , or, log p IddlMd- (1.5 
log T in mm The slojte 

of the vap. press ('urve of zinc at 
the imp, is 4*41x10- 3; the vap 
preas. formula of J. A M. van Liempt 
is ;i-; “G8f/7’d-.5 70 atm., where T 
i.s the absolute* temp ; the sublima- 
tion curve is log p— - 7266/r-f 6 28. 

€. Barns' formula is log p~20’98 
-86191-1 -3*868 log T : and H. 

Braune 's log p = 6655 T * i — 1* 1 4 7 log J 
-fl2*046. H. C. Greenwood also 
made some measurements of the 
vap. press, of zinc ; the latt.er found 
6*3x760 mm. at 1393', 11*7x760 
mm. at 1.503® ; 21’5x76(J mm. at 1.553'' ; and53x7fKJ mm. at 1783''. F. A. Hen- 
glein gave log p = — 4*6222 X ( 11 79 * 67 ^ 1 ) 11 * 1*2 atm, J. A. M. van Liempt 
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gave 2610 for Trouton’s constant; H. Braune, 7 24 for the chemical con- 
stant. C, Zcngh<*li8 inferred that zinc evaporate» at ordinary temp, in a 
dry Bpace becauw it formed a gold-coloured alloy with silver foil placed a short 
distance away ; W. Spring also inferred that zinc is volatile at 300° because 
it then forms an alloy with lead ; and it alloys with copper at 380°; C. J. Han- 
sen, K. Ibonar^ay, A. Schuller, and F. KrafTt said that zinc evaporates in vacuo 
at 184°, and it sublimes rapidly in vacuo when exposed to green cathode rays. 

J. Stark and S. Kinoshita made zinc-vapour lamps analogous to mercuiy'-vapour 
lamps ; and J. Stark and R. Kiich said that the glow is easily started when the zinc 
lamp is warmed to a rather higher t<‘m]). than is needed for eadniium, C. J. Hansen 
found the boiling point of zinc is 020° at 76t) mm. press., and 5r)()° in vacuo. 
F. Krafft also found the vap. press, of zin<‘ is one atm. at 920°— K. Friedrich and 

A. Iatoux gave 1K)2° ; W. R. Mott, WXf ; J. Violle, 929*6° at 760 mm. ; 0. Ruff and 

B. Bergdahl, 930°; J. A. M. van Liempt, 931"; E. Beccjuerel, 9130"; C. Barus, 
fK)5° to !J29" ; 11. von Wartenberg, 918° ; W. McA. Johnson gave 918 to !J22°, or 
919° at 743 mm. yuess. ; and A. C. Egerton, 918" ; if p mm. denotes a barometric 
press, near to Uti) mm., I). Berthelot found the b.|». of zinc to be 918°-| Up- 760)°. 
F. Krafft and 1*. Lehmann gave for tlu‘ b.p, of zinc the following 0‘inp. referred to 
mm. of mercury ; and 11. (J. Greenwood the temp, reb'rred to atm. : 

In nun. Pr(«H iiiHtni 

l‘resfl. . . . "no 100 120 13?) 0 3 11 '7 21-6 53 

H.p. . . . 546'* 662” 663” 664” 060” 1120’ 1230” 1280 1510'’ 

C. Barus (‘stiinates the b.y). of zinc rises about 1*9° for every 10 mm. incr(*ase of [iress. 
above 7(K) mm. 11. 8t. C. Deville said that zinc, boils at 929° to 954° m dry air ; at 
916° to 925° in hydrogen ; and at 1067° to 1079" in carbon dioxidt'. C. Fery 
distilK'd all the zinc from brass by heating an alloy containing 37 y)er cent, of zinc 
in an electric ar(!-furnace for two minutes. A. R. Haslam also made, exjieriments 
pn the fractional distillation of zinc from (•o{)y»er ; and T. Turner and eo- workers, 
on the effect of inert gases at different |)res8. on the speed of volatilization. Accord- 
ing to F. Braun, if brass be disintegrated at its m.p., the zinc distils from the yinrticles. 
W. Sutherland caleulaO'd values of dpjdd from 0. Barns' vap. y^re.ss. mc'asurenn'ntd 
ami showed that the latmit heat of vaporization of liipiid zine is 28*3 Cals, pi-r 
gram-atom ; W. McA. Johnson obtained 451 cals, yter gram, and J. W. Richards, 
426 cals.- approximately 33*7 Cals, yier gram-at.oin. J. Traube, A. Wehnclt and 
C. Musceleanu, A. C, Egerton, and E, van Aubel also calculated values for this 
constant — the latU'r gave 365*8 cals, per gram ; and J. \. M. van Lieiny)t gave 
31,43(1 cals, at the b.p. For the heat of sublimation, 0. (^. Person gave 184U cals. 
E. Beekmann and 0. Liesclie measured the raising of the b.j). of zme amalgams and 
found the results agrt'ed with the monatomic condition of zinc at those temy). 

K. Bennewitz studied the rate ol evaporation of molten zinc. W. G. Duflield gave 
3*9 X 1(F crus, per sec. for the velcKuty of the mols. projected from boiling zinc. 

M. Knudsen found that the condensation of the vapour on a clean glass or mica 
surface has a critical temp, between — 14(1" and —130° below which all the vapour 
is retained and above which an apyireciable fraction is repelled. R. W. Wood, and 
A. C. Egerton have also di8c'us:«*d the condensation of vaymurs on glass surfaces. 
As previously indicated, by cooling zinc vay)our it can b<‘ condensed to a lifyuid ; 
it.he mon* the vaymur is diluted with air, the more difficult is this vayiour to condense. 
W/-ien the t*unp. of the vay>our falls Ixdow the m.p. of zinc, it solidities in the form of 
a zinc funic or blue powder. L. V. T. Lynen has stated that zinc vapour 

produced the ordinary distillation y)rocesa condensi's between 415° and 550°; 
and W. Henlip^'l» that the. zinc vaymur produced in the n'duction of zinc oxide in the 
blast furnace ’ condenses below 470°. According to J. W. Richards, the dew-ymint 
of the vay>ou temp, at which it begins to deposit zinc, so that if the gas from 

the n'tort c dntains 57 yn'r cent, of carlwn monoxide and 43 y>er cent, of zinc vapour, 
the latt* r 8upy>orts 760 x 0*43 or 327 mm. press., and from the table of vap. press. 
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of line, the nuxture becomes sat. with *inc va}H)ur at 847*', t.e. 83® below the normal 
b.p. of the metal. Similarly, a gas containing 12 8 j>er cent, of fine vapour, 38*4 j>er 
cent, of carbon monoxide, and 48'8 jkt wnfc. of nitrogen, has the xino va|>our under a 
partial press, of 780X0128 or 97 mm. The dew-point for that pR'ss., from the (able 
of vap. press., is 74.V' or IHT)® 1h*1ow the normal b.p. of the metaJ. F. KrafTt found 
drops of rinc exhibited lyudenfrost's ]>heDomenun. 

P. Drude found zinc to l>e the most opaque of metals for sodium light. K. de la 
Provostaye and P. Desains found that zinc reflects (18 per cent, of normally incident 
4mp light, and P. Drude, 77 jier cent, of red light. W. Meier estimatcHl the following 
values for the refractiTe ipddz, fi ; the indei of absorption, k, siudi that the amplitude 
of a wave after travelling one wave-length, A, measun'd in the metal, is reduced in 
the ratio 1 or, for a distance, in the ratio 1 ; and the percentage 

roflectmg power, H, of zinc, when A is less than unity ; th<* values of //. when A 
Is gri'ater than unity, are by \V. W. Coblentz ; 


A . 

. 0-2.')7 

0441 

0-589 

0 008 

10 

20 

4 0 

7 0 

12 0 

ft . 

. U-65 

ou;i 

1-93 

2-02 






k . 

. 0(il 

3111 

4 00 

5-08 






It . 

20 

73 

74 

73 

80 

92 

97 

98 

99 


J. C. Jaiiiin, Ja Natanson, A. Beer, G. Quincke, 8. Haughton, W. W. I’obleiilz, and 
W. Voigt have also made observations on the refractive index or on tlu' reflecting 
power of zinc. For plane j)olariz<‘d light reflected from a polished surface with the 
principal incidence, <P, 80 ’ 37)', tlu' change is no®, and if the plain* jiolanzed incident 
beam has a certain azimuth, angle of principal azimuth, tp, 34® 35', circular polarized 
light results. J. 11. Gladstone's value for the refraction equivalent of zme is 9 8 ; 
W. J. Pope's, 12'40 for the Z)-ray, J, KanonnikofT, and A. Ghira have investigated 
this siibji'ct (5 Cuthbertsoii and E. P, Metealfe found the refract ivity of zinc 
vapour, (/i l)xlO®, is 2070 for A 5I8'3/i/x ; 2150 for A 51G'0/xp ; 20G0 for 
A -589‘3/i/i ; and 1900 for A- -050‘3/x/x. M. Faraday found that a him of zinc de- 
polurizc'd a ray of polarized light giving a n*d imagi* whi< h was reduced to a minimum 
by the rotation of the analyzer, and then converted to a blue image. S. IVocopin 
found that the birefriiigenci* is jiositive, but with finely divided cadmium siisjiended 
in toluene it is negative ; and similarly with Is’iizene, etc. 

J A Wilkin.son obs<!rved no fluoresc’ence <liiring the action of chlorine, bromine, 
or iodine on zinc, but there is a bright gr«‘en fluorescence when oxygen or sodium 
jieruxule acts on th(‘ metal. The fluoresicncc is bluish-white with ammoimim 
persul]»hate ; gro'iiish-whiO* with zinc and sulphuric acid in electrolysis ; and with 
zinc .sulphate in the cathode rays there is u bluish-whib* fluorescence — E. Wiedemann 
and G. G. Schmidt say the latter is white. J. A. (Vowther found tlie ratio of the 
coefficient of absoiqition of zinc, for the fS-ntJtS to the density of the metal, is 
/i/1) -0 95, H. K. von Trauhenls*rg found the range of the a-rsys in zinc t^) l>e 
22‘8xl0“'‘ cms. G. A. Sutherland and L. H. Clark measured tlu* range of the /S-rays 
in zinc. W. J, Iluasell and F. Sr^ddy gave for the coeff. of al>sorj)tion, /x, for the '/•nsi 
of radium 0 228, or jxjD ; for the uranium y-rays, /x 4) 329 ; for thorium-/) 
y-rays, /^t ~ 1*23.3 ; for mesothorium y-rays, /i=-0'.53. The absorption of rays 
emitted by radioactive substances has also been investigated by K. W, F, Kohl- 
rausch, A. Wood, V. J. Jainc, J, Meyer, W. Schmidt, B. Riecke, 11. A. Bum8t«*ad, 
etc. The emission of radiations by zinc and its alloys when h(‘at«*d in air to KKj® 
and cooled have been studied by R. Blondiot. The s<*condary radiations emitbid 
by zinc under the influence of X-nyz have been studied by (!. G. Barkla and co- 
workers, P. D. Innes, J. Borginann, N. R. Campbell, J. C. McU'nnan, E. njalmar, 
R. Whiddington, K. Sicgl, C. Fuchtbauer, D. Hurmuzescu, etc. J. A. IVeker 
studied the action of a magnetic field on the absorption of X-rays by zinc. The 
high frequency X-ray spectrum has been studied by H. 0. J. Mowley, D. Coster, 
V. Dolejsek, E. Friman, etc. R. BlondJot found a phosphorescent st^recn of calcium 
sulphide glows more brightly when a piece of silver, coppr, zinc, lea^l, or moist 
cardboard is placed near to it, but gold, platinum, gloss, and dry <’ard board are 
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inactive. E. A. Bichat found copper, zinc, and glasH abrtorb n-rays, while platinum, 
nilver, or aluminium do not. J, Stark and G. von Wendt ntudied the series spectra 
obtained by the action of the canal rayS. 

Aecordiii},^ to W. J. Russell,^^* polished zinc exerts a strong photographic eflect 
on a photogra[)hi(; plate. B. L’ligyel found the action more intense in moist carbon 
dioxide ; it is feeble in air containing moist carbon dioxide, and in dry air free from 
carbon dioxide* no action was observed in lb hrs. G. W. A. Kahlbaum found the 
action to be dejiendent on the t<‘mp. as well as on the moisture ; the radiations are 
said to jiass through glass, and t<j be influenced by gravitation. B. L. Vanzetti 
found zinc to be less aetivo than cadmium, but more active^ than aluminium, lead, or 
iron. J{. (’olson attributed the action to a slight vaporisation of zinc at ordinary 
kmp. H. Muraoka and M. Kasuya's experiments also agree with the assumption 
that th(! reducing action on the photographic plati* is }>roduced by vapour. 

F. Stremtz and co-workers, A. Bryojawlensky, N. Biltscliikofl, J. Blaas and 
1*. Czermak, K. Rumpf, etc , have studied the action of zinc on pota.ssium iodide, 
and on photographic plate.s A. Nodon found that a sheet of zinc is opaque to the 
penetrating solar jdiotogerm- radiations, but a sheet of metal with a high vah'iicy is 
trans]iarent. 

W. Ramsay and .1. K. Speiieer arrange the metals in the order Al, Mg, Zn, 1 ^ 11 , 
(Vi, I’b, Bi, All, . . . with re.spect to their photoelectric effect in air; K. lierrmann 
gives till* order Al, Zn, Mg, Sn, Jh, Cd, Bb, Cu, . . . E. Ladenburg gave tho order 
(Ju, bras.s, Zn, Bi, . . . when tested m vacuo, and K X. Millikan and G. Winchester 
gave Cu, Au, Ni, brass, Ag, Fe, Al, Mg, JSb, Zn, Bb. . . . The latter gave 011)7 volt 
at 2b for the ])ositive potential assumed by the metal m vacuo under the influence 
of ultra-violet light. W. llallwachs studied the effect of adsorbed gases, W. Frese 
found the phuto-seiiHitiveriess of zme is greatly reduced by treatmi'iit with water or 
alcohol. H. J lamer found the limiting frequenev for the photoelectric effect to be 
A-;H2bi;7l. 

The Spark Spectrum of zme was exammi'd by G. Wlieatstom* in and 

il. K. Talbot, 111 iHdb, noted some characteristic lines; A. Masson gavi* a drawing 
of the spectrum ; and i). Alter, and A. J. Angstrom made further observations. 

G, Kirehhotf measured some of the sjiectral lines of zinc, and compared them with 
the Krauenliofer lines of the solar spectrum, T. R. Robinson made some inaccurate 
measuioiiK'nts of the spectral Iiin*a of zinc, but numerous accurate measurements 
havi* sinei* been made by W. Huggins, R. Thalen, L. de Boisbaiidran, K. Maseart, 
A. (Virnu, •). N. hockyer, G. i). Liveing and J. Dewar, W. N. Hartley and 
W. E. Adeiiey, J, S. Ames, H. Rayser and G. Runge, W. F. Meggi'rs and K. Burns, 
G. A. Hemsalech and A. de Gramont, etc. The more inqiortant of the 73 lines in the 
arc spectrum of zinc, expressed in Rr* cms. units, in air at 1;V' and 7bU mm., are 
m(\, 3072, and 3310 m the ultra-violet; 4630*06, 4680*138, 4722*164, 4810*535, 
and BJ12 m the blue ; 4925 in the gre«‘nish-blue ; bJ03 and 6^2*345 in the orangi*. 
The lines numbered in clarendon t\ pe are illustrated in Fig. 10. F. Brasack claimed 



Fio. 10. — Tho Spark Spectrum of Zinc, 


to be able to detect O tXXKXfOir) mgrm. of zinc by the sjiark spectrum. W. Schuler 
found that characteristic lines can be observed in the spark spectrum with 0 (XXX>2 
iiigrin. of zinc chloride ; OOOOOl mgrm. of zinc bromide, iodide, nitrate, or sulphate. 
R. G. Dearie, and F. M. Walters studied the infra-red spei trum of zinc. 

The spectra of magnesium, cadmium, and zinc emhody a number of line-series, 
as illustrated in Fig. 3, Gap. Magnesium. H. Kayser and G. Runge rojiresent the 
first two series of triplets in the spectrum of zinc by the formula* ; 
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rtIWT 8EK11C8. 8KCONU 8KRJKS. 

iO*A"‘ 42l»45'32- 13I641n-» 123(il25»» ‘ 10‘A »»- 42964 59- 12(’)»19»r » - 1)328:>(>» • 

10‘A >- 43331 71 - 13194hr* r239125H-' 10*A * — 43343 65 - 12091 9n *- 032S6(>» * 

1U»A •--43521 48 - 131041« * 1230126m • lO^A" •-^43533 32 - 120919m'* 032S59m ‘ 

which account for 3(5 out of the 73 lines in the arc spectruin of zinc. The atrong 
line 2138 3 whieh. accortling to J. Stark and S. KiiiohIiiU. ih the most intense line 
in the s|R*ctruni of zinc at a low teni|).. is not included in the formula* ; and several 
other inteiiM' lines are also not ai'counted for. The line-series in the spectrum of 
ziin- have Iwen studied In* J. K. Uvdherg, W. M. Watts. M. Itemganiim. K. I’asclien 
and E lJa< k, E. Hultl\en, A. Kratzer. U Hunge and K. Pasehen. A. S. King, 
L Jamcki, F. A. Siiunders, N. A. Kent, P. (1. Nutting. A. de (Jramont, etc. 
E. ('apjiel studied the i-llect of titnpt'ruture on the sensitivein'ss of the sjieclral 
reactions of zinc. The elTect of prasure on the speetrum of zinc has l)e»'n in- 
vestigated by J. 8. Ames and W. J. Huniphn^ys ; the cfffrt of /nfilriMit n by II (Vew, 
and U. A Port<‘r ; and the last-named also studied (}u‘ rfjtri of' nilnxjt'n ; and 
iS. JTocopiu various otluT gases. U. Finger, and P. di* la iloche also studied (he 
inllueiKi- of the gast'ous medium on the spectrum of zinc. A llagenbach and 
II. Sehmmo'her studu d the line spectrum «»f zinc in the elect rodelcss ring discharge 
tube. J. Formanek stab-s that zinc salts do not give a (lauorn(h<< uml hrauchlupm 
flam6 spectrum. G. J). Liveing and J. Dewar found no spectral lines wlu'ii deto- 
nating gas IS exploded in a zinc tube. W. N. Hartley found that th.- sj«‘clrum of 
zinc in the oxy-hvdrogeii tlaim* is continuous. The flame spe< trum of zinc has been 
inve.st igated b\ A Alitscherlich, A. Gouy, G. I). Eiveing and J. J)(‘war, .). N. Lockyer, 
H. Hamage, P Dmms, V. de Watteville, A. A. Micln'isoii, M. Jfainv, L. Janicki, eb’. 

( . Uamsauer and h. Wolf studied the duration of the spectral lines in an extinguished 
arc. Tin* ultra-violet spectrum of zim* has been mvestigabd by G. G. Stokes, 
\V. A, Miller, .1. I; 8oret. K. A Sawyer. A. Gornu, G. D, Liveing and ,1. Dewar, 
1| Ihdl, G Herndt. If. De.shindre.s. L and E. Bloch, 11. A. Millikan, F. Exner and 

E. Haschek, .1. AI. Eder and E V'alenta, E. Neculcea, etc. According to A, de 
Grainout, the ultra-violet lines 33i:)*2, 3:5((3 0, and 3381T are vtry sensitive and 
pe^sl^t even With very small amounts of ziiie. J. J. Dobbie and .1. ,1. Fox found 
zinc vapour has ,s<jme faint absorption bands in the ultra-violet. E Ilultln*n studied 
the band spet trum of zinc. The ultra-red spectrum has been investigated by 
K Pasehen. 11. Be(<|U.Tel, etc. The Zeemau effect has hcen investigated hy 
J’. Z**eman. ,V, A AIiciiels<»n. T. Prc.ston, II M Kec.sc, K. Vamada, C. Kunge and 

F. Pasclicn, A Farber, A Stctteiihcmicr, P. Wci.ss and A Gotbm, W, A. Alillcr, 
II. Luiielund, A. Dufour, cb'. F. L. Alohler and (o-workers found tin* reson&nce 
potential of zinc vapour to be IT8 o (i.o volts, and the ionization potential H 3 volts, 
and for the latter J. G. AlcD'nnun and J. F. T. Young gave 1) 1 volts, K. T. Goinpbm 
gave 3 (i7-3‘74 volts for the minimum ionization potential. AI. N. Saha has made 
oh.stTvations on this subject. B. E. Moore studied the exi*itation stages in the arc 
spectrum of zinc. 

A<'cording to J. i*ornianek,*® .soln. of zinc salts are colourless, and they givi* no 
absorption spectrum ; but a neutral soln. of zim. chloride n'aets with an alcoholic 
tiiudiin* of alkanna, and produces a reildish- violet soln. which has an alm«>r|)tion 
sjicctrum different from the tincture alone. W. IV. Hartley found that a 20) cm, 
Column of a soln. of a mol of zinc nitrab* in a litre of wabT shows a comphde 
ahsfirption of rays with a wave-length beyond A 340. P. Vaillant studied the 
absorjitiou siievtrum of zinc permanganate ; and T. Ketschmsky that of fus<‘d zinc 
chloride. 

According to L. Weiller,^® the electrical conductivity of zinc is 29 9 when that 
of silver is l(i0 ; G. Wiedemann gave 27'3 ; A. Afatthiessi-n and A. von Bose, 
29 02 at 0“^ ; A. Enio, 20 991 ; and K. B<‘noit, 25 9 for the cold hamiiu*n id metal. 

If the conductivity of mercur*}' hi' unity, that of zinc at O'" is 15 88 to 15'99 ac<x>rding 
to A. OlM*rbeck and J. Bergmann ; i7’52 at (f, a«'cording to A. Matthies8<*n and 
A. von Bose ; and 16T0, according to It, Benoit. The electrical conductivity in 
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reciprocal ohms when the value for mercury at 0° is 1 003x10^, was given by 
R. Haas as 17 «0xl0^ at 0^^ ; by A. Sturm, as 18-60x10^ at 0'^ ; by A. Oberbeck 
and J. Ikirgmanii, as 16*93 XlO< ; by W. Jiiger and H. Diesselhorst, as 16*51x10* 
at 18®, and 12*59x10* at 1(X)® for pure zinc, and 15*83x10* at 18®, and 12*13x10* 
for 98*6 |)er cent, zinc with 0*25 per cent, copper, and 1*1 per cent. lead. L. de la Rive 
gave for the conductivity of the solid at the m.p., 5*43 X 10*, and of the liquid at the 
m.p. 2 7x10*, and at 440®, 2*69x10*. A. Matthiessen and A. von Bose gave 
for the conductivity at e\ 1- O*{X)37O470 fO*OO(J(Xi827402 . ^nd C. Benedicks 
and R. Arpi, between 15® and ‘M)\ 5*45(1 +O*(X)390 +0*000001 7^ ’‘I microhms. 
H. Isiitsunii found a marked decreuMe in the electrical conductivity of zinc 
during melting, as illustrat'd by Fig. H, where the electrical conductivity is 
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^ transformation point in the electrical re.si8tance of zinc 
between 340 and JoO ; and C. Benedicks found two breaks in the Umip.-resistance 

Ir'u 3’^^ -the latter was 

M ‘ H le thateiers point; this was confirmed by K. Monckmeyer 
ana M VVerm'r. t Benedicks and R. Arju also confirmed the existence of the points 
« and 5 and found a third point (c) at about 270® ; they concluded that these pointe 
do not belong te pure* zinc, but rather to zinc with cadmium as an impuritv. and 
the points 0 and b mark the solubility limits of the homogeneous zinc-rioh solid soln., 
while the third jioint c marks the eutectic arn'st. This view is not confirmed by 
A. A "ingh^am in her work on the electrical resistance of zinc which has been 

quenched. She found a critical point lietween 
vv V between 330® and 340®. The temp. -resistance curve of 

A. t . .Northriip does not show these breaks. H. Tomlinson found the resistance 
18 increased if it is suspended with a load ; and Lord Kelvin 
tw. Aiionison), and J. Honjis observed the change in the resistance by twisting the 
’ * ^ hwolson found the resistance of a zinc wire decreased by annealing, 

iho effect of temperature on the resistance of zinc has been measured by S. Kalischer, 
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F. Uppenboro, L. de !a Rive, aud by G. Viwntiiii with 1). OmcKlei, and with 
C. Cattaneo. P. W. Bridgiuan gave OOl>416 for the temp, coeflf., W. Jiiger and 
H. Diesaeihorst, 0*00412 ; and L. Holborn, 0*U>4iri, The elltK't of premirr on 
the electrical re«i8tani*e of zinc has been mea8un‘<l by E. Lwell, and by P. W. Bridg- 
man. The latter found : 

0" 25* 50“ 75' KX)' 

R lam 1 1017 1 2l>50 1-3098 1*4159 

Preaa. oot‘ff. at 0 kgrm. . -0*0^540 -0-0*633 -0-0*629 -0 0*620 -0 0,624 

1‘rwa.ooofr.at 12, 000 kgrma. -0-0*400 -0-0*394 - 0 0*389 0 0,387 -00,386 

Average . -0-0*4700 -0-0*4634 -0 0,4590 -0 0,4662 -00*4644 

E. Listdl gave for the pr<'88. coeff. at (f — 0 05 r»‘.t against P. W. Bridgman'rt 
—0 O 554 O. 0. Jaauiaa and Y. E. G. Leinberg measured the n-sistance of powdered 

zinc mixed with marble. 

The potential difference between zinc and other metals.— Wlien u zinc rod 

is riibU‘d w-ith a flannel, A. Maefarlane^o found that it beconu-s feebly idectro- 
negative. The voltaic series of metals was arranged by A Volta, T. Seeln-ek, 
J. C. E. Peclet, P. S. Muu(-k af Kosens(‘h6ld, (’. H. Pfafl, A. Gangain, et<-., and is in 
geiii-ral agreement with . . . Al, Zn. 8n, Gd, Pb, Sb, Bi, niekid-bross, brass, Hg, 
Ee, . . . There aiH! small diffen'iices in the jicsition of some inenilxTS of the series 
due possibly to the prestuiee of impurities, nature of tin* surfaei-, ete. Th<‘ b-nip. 
ha.s but little inliuence on the n'sulta. R. KohlraiiKc-h nu-asured the potential 
ditTerenc(‘ betw(.‘en zinc and other metals, that is, the Volta effect of zine against 
different conmiereial metals, in volts at in'" : 

(; c.'u Fe I»b Ft Sii 'An nnw* 

airiMlKHin 

Zn . -1-096 -0-760 - 0 600 - 0-210 0 281 -0 281 0 144 -0-679 

Zu amalgam . 1-208 - 0-894 -0 744 - 0.367 0 126 -0 403 - 0 144 • 0 822 

E. Gerland found for Zn : Gu, BX) ; Zn : Ag, 18(i 7 ; and Zn : Au, lib. Measure- 
ments have als<j been made by W. llankel, K. B. ('lift-on, W. E. Ayrton and J. IN'rry. 
W. Hallwaehs, J. L. iloorweg, 11. Pellet, F. Exner and J. Tuina, W. Tliomson, 
E. fh'(-(|uerel, J. Brown, and F. S(-hulze-Berge. The theory has been investigated 
by H. GreinH< her, and E, Warburg and H. Gremache,r. According t-o A. L. Hughes, 
zinc frei-d from occluded gases by distillation in vacuo is slightly elei-tronegativc 
to platinum, and it bi'comes elei-tropositive as air is absorbed by the metal until a 
maximum value is attained. 

A.Goehn and A.li<jtz2l found that zinc in vacuo is negatively charged against glass, 
T. St*eb« ck, W. llankel, E. H. Hall, etc., have studied the e.m.f. developed by zini; 
coupled w ith other metals, and they placed it near copper and silver ; A. Heil placed 
it between nickel and bismuth. E. Wagner found the. thermoelectric lorce» or the 
Seebeck effect, of the zinc-plaiinum couple isO 79 millivolt and tin* current flows from 
a junction at KXG to a junction at O'* to the platinum ; .1. Ih^war and J. A. Fleming 
gave ()-77 ; W. Jager and H. Dicsselhorst, O Tb , K. Noll, (tTi ; and W. H. 8te<de, 
(i W). Lord Kelvin (W. Thomson) found the inversion with the Zn-l^t (-ouj)le to 
1 k» 8 2®. J. D(‘w*ar and J. A. Fleming gave for the ziuc lrwl cmiph’, with one junction 
at 0® and the other at in C.G.8. units : 

e . . 100-2'’ 70-4'’ 60-4'’ 21-4'’ 7-6'’ 33“ -806’ - 204-8® 

E.in.f. . . -f32390 -f20920 +14100 -f6I40 ■fl620 -810 -17130 -33000 

P. 0, Tait gave for the Zn-Pb couple 2*32 microvolts, or 2*79 microvolts 

at 20® and 3*51 at 50®. The neutral jjoint is —98®. A. Wattliiessi*n gave 3*7 
microvolts for the thermoelectric power of the Pb-Zn couple ; and K. Noll, 3*318 
microvolts at 50®. P. W. Bridgman represented the Si^elxu-k effect, E, with lead 
at atm. press. J?=(3 047^ --0 00495^*) x lO'* volts. C. G. Knott studied the e.m.f. 
of the zinc-iron coupU, and A. Palme found that the current attains a maximum of 
about one millivolt between 200® and 250®. Ixird Kelvin found the current with a 
zinc-gold couple increases 0*20 x 10~* volts per degree between 16® ami 50®. No 
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breab w«;r<‘ fourul in the thermal e.m.f. and temp, curve of a zinc and iron couple 
by K. E. Bify,{;ham. E. ih-cquerel atudied the zinc-cojtper couple. K. JI. Bingham 
obiWTVcd no breaks in the thermal e.m.f, of this couple, although P. N. Lascht> 
chenko, S. F. Bykoff, and 8. V, Efremoff obtained a critical value at 310° in the 
copper-zinc couple, A. MatthieH.s«*n studied the zinc-silvcr couple ; K. Noll, zim^ 
mercury couple ; and A. ileil, the zinc-cu pronickel couple. P, W. Bridgman gave 
for the thermoelectric- force, /i’ volts X 10®, for a couple comjio.sed of uncompressed 
zinc, and z/nc compressed to a pre.ss. p kgrms. per H(j. cm., with the junctions at 0° : 
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O'fjM inillivoU, and F I*, le Roux, 0 lo millivolt. H. Jahn gave for the coeflf. 
of the Pi'ltier elTrrt ih calories |»er ampere-hour, - millivolt; E. P, le Kolix, 
• <)‘30 millivolt; and E. Edlund, OOl millivolt. For the Pi'ltier effect, P, of 
zinc against lead at atm press , F. W Ifndgman gave P (3 017 0 OOlf‘J0)(d-} 273) 

X lO volts ; and for < ompressed and uncompressed zinc, tin- Pc-ltier ctfeet in joules 
per coulomb X 10 is : 
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E. Wagner made some observations on this subjet t up to .‘lOO kgriiis. pt-r stp cm, 
jiress. 'I’lu' Hall effect with zinc is P- 10 00082. F. Unwin measured the eifect 
of varying the strength of tin* magnetic field and of temp on the Hall edVet, and 
other thermo-magnetic plu'nomi'na. (f. Iforeliiis and F. Gunne.son measured the 
Thomson effect in microvolts per degn'e, and found o il at 380' K , 2 t> at 300'’ K,, 
l‘2r) at 20<) K,, 11 at 130’ K., and 0 8 at JOO'' K, A, E. Caswell found for 
the coeir. of the Hall eifect, 13-33 at - 2i T' , 8-20xl0 at 2b'b° ; 

8-38x10 i-'at32tU, 8-18x10 i^at39r; 823 x 10“^:’ at 11-2 : and 8 23 x 
at The coelf, of the Ettingshausen effect at 17- 1” is 0 ; at 13-2°, l-7ti X 10* 8 ; 

at t»0‘7 , 2 27 \ 10 and at 7()’7 ', 3 02x10^ The coetf. of the Nemst effect 
at -!(i'2' IS 29 (»v |o und at 37-2’, -G-2r)XB)”il The coetf, of the Leduc 
effect is 37 09 \ lo at - 1(» 2 and 4 x 10' at 37'2 

The potential difference between zinc and electrolytes.— Aciording to 
11, B. Clifton, a clear zinc plate is as strongly electrojiositive as copper towards 
watt'r ; if the metal is oxidized, it is n<*gative towards waU'r. N. U. Dhar gave 
0'41 volt, W. Hankel also nok'd that the poUuitial ditference between zinc and 
WiUvr decreases as the metal is oxniized, and then incn'ases. The action was also 
studied by W. F. Hillebrand and T. H, Norton. G. T. Fechner gave the series: 
Zn, Pb, Sn, Fc, Sb, Bi, Cu, Ag, Au. W. Ostwald found zinc to be electronegative 
towards the haloid aciih^ and nilric, sulphuriOy phosphoric, formic, acetK, propionic, 
oxalic, and benzoyl sulphuric acids. J. C. von Yelin studied the action with nitric, 
sulphuric hydrochloric, phosphoric, acetic, and tartaric acids ; H. Da\T, J. C. Poggen- 
dorff, M. Faraday, S. Marianini, and G. Wetzlar, sulphuric acids ; H. C. Oersted, 
sulphuric and nitric acid ; H. E. Patten and W. R. Mott, the potential difference 
with nitric, sulphuric, hydrochloric, and hydriodic acids ; A. A. de la Rive, and 
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M. H. Jacobi, nitric at id ; J. PojjgtMulorfI, hydrosulpkuric acid ; M. Berthelot, 
boric acid ; H. Davy, J. C. Poggondorlff, and J. C. vim Yehn studied the potential 
dJf!e^MK•e with aq. soln. of SiHimtn. and atumomufu hydroxidi.g ; K. Kuu- 

Bchert, M. Bert helot, and H. K. flatten and \V. K. Mott with potasaium hydroxide* 
G. T. Feehner, S. Marianini, J. C. Po^geudorff, and J. C. von Yelin studied the 
potential diiference w'ith aq. soln. of sWium and arnmontum ddoridc^ ; 11. K. J'atU’n 
and W. K. Mott, with aq. soln. of fkiiagsium jluortdi\ potassium cldondc tit\d sodium 
chloride, and }H)t<issium bromide, and Uklide ; L. Kahlenberg with at). })yridine, and 
aniline soln. of lithium cldoridi' ; A. de la Kive, calemm chloride : K. Boiity, B Neu- 
mann, G. Carrara and L. d’Af^ostini, J. Moser, with aq. soln. of :inc chloride ; It. Sa)- 
vadori studied e/Ay/ and* methyl alcohol noln of poUissium chloride ; and G. Cararra 
and L. d’A^'ostim, methyl alcohol soln. of zinc chloride C. M. van Deventer and 
II. van Lumnu l al.'>o compared the pot^uitial diiference of zinc witli salts m aq. and 
in alcoholic soln. It. Suchy studied the ])otential diiference of zinc towards molten 
zinc (blonde. J. Pog^eiidorlf studied the potential diiliTence with a»|. soln. of 
sodium sulj)hate ; H E. Patten and W. It. Mott, with acj. soln. of poiast<iiim, fenous, 
tiunjm.'ytum, aipne, cadmtum, and zinc sulphates ; the elh'ct with the last named 
salt was also studied by G. de Yillemoiitee, B Neumann, F. Streintz and O. Slroli- 
s< linenh‘r. W Ostwald, J. Miesler, N. T M. Wilsmore, F Kunschert. F. Pascheii, 
JI. Pellat, Jl J S. Sand, A. C. B(‘c<jUerel, L. Bh'ekrode, E. Kittler, J Aloscr, J. von 
llepjMTger, J. W. Muller, A. Eccher. H. F. \V(‘b«‘r, S. Paf»liam, M. Clianoz, M. Jh'rt he- 
lot, and E. Bouty, M. Bertludot worlv<*d with iKj soln of cUjirK* sulphate. 
J. Poggendorlf, M. Chaiioz, and M. Bertlndot studu*d the potential diilerence of 
zinc with an aq, aoln. of p<ttassium sulphide The (dfect of jHitassium nitrate was 
studied by H. E. Patten and W, It. Mott, and with zinc nitrate by A C BecqiKTcl, 
and E. Bouty and B. Neumann. Th«‘ former also worked with soln. of potaAsium 
phosphate ; P. S. Munck af Itosenschbld, E. Bouty, and 11 E. Patten and W. B Mott, 
with jkitassium carbonate; B. Neumann, E. BFekrode, and J. Moser, with zme 
acetate; 11. E. Patten and W. It. Mott, with jkitassium tartrate, chromate, and 
mamjanale ; sodium silicate, ami tunystale ; jmtassium eyanate and thuKyanate ; and 
with potassium cyanide. M. H. Jacobi, L. iilcckrod«‘, F. Sj»itz(‘r, S J^ Thompson, 
and IS. B. Cliristy al.so studied tin* effect with the last-named salt, M. Berthdot 
Htudi(‘d the efh'ct- of numcroUH other combinations. In illustration of the variable 
nature of the elcctroch«'inical senes m the presence of ddlereiit soln., M. Faraday 
gave : 
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U Ma^namni found tiio (LfTerenco in jM)tenijHl in liundnMitlm of a volt betwo**n /.iju; in a 
norinul soln. of sulphunu luud and zinc in tiir foilowiii); soln. eonlaining n inols per litre : 
n-NaUH, —321 ccntivolts ; 42 3; Jn-NajSO,, 14; n-.Nu,S,() 3 , — 6 9; 

n-KNOj, 118 (variable); n-NaNO,, 11*6; 23'9 (variubJe) ; Jn-K jf'rjt),, 

72 8 ; 18; 4n-(.\H J,.S<V -0 6; iw.K^FK’y,, 01; 0lU7»K,FcCv„ 41 0 ; 

n-KCyS, -1-2; p»-Sr(N'0,),. 14 8; KBa(NO,)„ 219 ; n-K('10„ 10-16; 0 l07n-KHrO, ; 
n-NIliCl, 2 9; n-KF, 2 8; n-KBr, 23; |»-Na,SO„ 184; a soln. of bronuno in NaOJI, 
18 4; n-tartaric acul, 6 6; In-tartaric acid, 4 I; |npotasHiuin Hodiurn tartrate, — 7'9 
contivolta. The sign of the difl(5rence of |>otetitial im such that the (jurrent from the 
more positive to the less positive metal through the (;xtcmal circuit. 'J'. \\. Itiehards and 
T, Dunham, and A. Smits nu'asured the |>otential of zinc in various salt soln. 

The potential difference of zinc against other metals in solutions of electro- 

lytes , — Zinc is electropositive to most of the metals, but its character changes more 
or less when in the presence of electrolytes. On account of the high cdectropositive 
character of zinc, and its comparative cheapness, it i.s extensively imiployed as one 
element in galvanic batteries, H, Davy,*^ and J. (’. Poggendorff found that zinc 
becomes more electropositive on amalgamation ; and G. Lipjmiann found that 
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amalgamated zinc is electropositive towards ordinary zinc in a soln. of zinc sulphate, 
but ther(^ is no difference of potential against purified zinc when the soln. is neutralized 
with, say, barium carlKjnate. E. Cohen, and F. Fischer have measured the potential 
difference of purified zinc against zinc amalgam (90 per cent, mercury), and found 
0'000488 volt at O'", and ()'0(J0750 volt at The difference of potential of zinc 
in contact with other metals in Bulflturic acid soln. has lx?en studied by J. C. Poggen- 
dorff, M. Faraday, 11. Davy, 0. T. Fechner, C. Wheatstone, R. B. Clifton, C. Hockin 
and H. A. Taylor, PI. Kittler, B. G. Damien, and W. Wolff. The metals tried were 
tin, copper, silver, cadmium, iron, gold, or platinum against zinc or amalgamated 
zinc. 11. ('. Oersted found zinc in fuming sulphuric acid is first positive against 
lend, then negative, and finally positive. S. Marianini also* tried sea-water acidified 
with sulphuric acid ; E. Bouty, W. Wolff, C. Hockin and H. A. Taylor, and 
B. G. Damien tried zin<; against carbon, lead, iron, cadmium brass, tin, copper, 
silver, gold, and platinum in aq. soln. of zinc sulphate. 0. Tammann and 
W. Wiederholt measured against cadmium in zinc sulphate soln. K. B. Bingham 
found critical points at about 180^ and 310” in the electrolytic jiotential curve of zinc 
against other metals m a 10 per cent. soln. of zinc suljihate. The zinc was annealed 
at different temp, and then quemdied. B. 0. Damien measured the electrolytic 
potential of zinc against copper in aq. soln. of 
'IxAtmium, sodium, tnwjmmum, or almninium 
sulphate. M. P'araday, C. Wheatstone, and J. C. 
Poggendorff trh‘d zinc against copper and ])lati- 
num in dil. hydrochloric acid. N. R. Dhar, G. T. 
F’echner, J. (J. Poggendorff, and B. V. Damien 
investigated iron, copper, silver, and platinum 
against zinc or amalgamated zinc in soln. of 
sodium, ^HAas.num, ammonium, barium, strontium, 
or zinc chhride. J. G. Poggendorff,. and B. G. 
Damien studied zinc against copper, iron, silver, 
and ])latinum in aij. soln. of piAassium bromide ; 
and ot zinc against bismuth, tin, iron, copper, silver, and ])latimim in aq. soln. of 
potassium imlide, A. Laurie studied the potential of zinc against platinum in 
a<j. soln. of Zinc iodide, containing iodine. H. Davy, M. Faraday, A. A. de la Rivi', 
A. Avogadroand V. Michelotti.and J. 0. Poggendorff measured the potential difference 
of amalgamated zinc against copper and platinum in dil. mtnc acid ; B. G. Damien, 
zinc against copper in soln. of potassium, sodium, ammonium, barium, or strontium 
nitrate; W. Wolff, likewise, in soln. of zinc nitrate; and H. (\ Oersted, of zinc, 
against tin in soln. of silver nitrate. 11. Davy, M. Faraday, B. G. Damien, and 
J. C. Poggendorff mi'asured the difference of potential of zinc against antimony, 
iron, silver, and platinum in soln. of iHAassium hydroxide. P. 8. Murick af Ro.Hcn- 
schbld, ,). 0. Poggendorff, and B. G. Damien investigated the difference of potential 
of zinc against copper, tin, iron, and platinum in aq. soln, of inAassium atui sixlium 
carlmnates. J, 0. Poggendorff, W. Skey, S. P. Thompson, and F, Kunschert found 
the pote'iitial difference of zinc against bismuth, iron, copper, silver, and carbon 
in aq. soln. of piAassium cyanide; J. G. Poggendorff also worked with a soln. of 
piAassium ferrocyanide. A. Naccari and M. Bellati studied zinc or amalgamated 
zinc against carbon in aq, soln. of chromic acid. E. Branly studied the difference of 
potential between zinc and copiH*r in glycerol ; A. Righi, in jictroleum J. L. Hoorw-eg, 
m stearic acid, jnirajffin, spernuiceti, rape seed oil, shellac, wax, and sulphur ; and 
0. M. van IX'venter and H. van Lummel, in ethyl alcohol and propyl alcohol. 
J. J. van Laar showed that the normal current between magnesium and zinc in aq. 
soln. can be reversed in alcoholic soln. 

M. H. Jacobi found zinc in nitric acid is electronegative against zinc, cadmium, 
tin, copjier, or silver in a soln. of potassium cyanide ; and electropositive against 
nickel, antimony, lead, mercury, bismuth, iron, platinum, or carbon in a soln. 
of jKitassium cyanide. J. C. Poggendorff studied the potential difference of zinc 
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or anialgamaUKi cine in dii. Btilphuric acid against copjM'r in a aoln. of cupric KuI]tlmU% 
or platinum in nitric acid, or carbon in nitric or chromic acid. H. Buff Htiidicd the 
potential diffenmcc of rinc in a soln. of sulphuric acid against carbt)n, pyroliisiU', 
pyrites, or cast iron in nitric acid ; he also studiiHl zinc in a soln. of sodium ( hloride 
against platinum, copjM*r, or zinc in a soln. of |>otas8ium polysulphidc. ,1. P. Joule 
studiiHl zinc in aq. {K>tas8ium hydroxide against iron, coke, gold, or platinum in 
nitric tuid, or cop|)er in a soln. of cupric sulphate. J. Ilegnault studied zinc in a 
soln. of iodine in poUissium UHlide against carbon in a soln. iff pot^issium lodiile 
containing iodine, brtimiiic, or chlorine; K. M. Baoiilt, Zn : ZnSl)^. Pb((\H3().^)5,; IMi. 
F. Streintz mea8ure<l the potential diffenuice of zinc in soln. of the nitrate's against 
magnesium, aluminium, bismuth, cadmium, tin, lead, iron, nickel, (obalt, copper, 
ami silver ; likewise also of zinc in soln, of the sulphates, or of the chlorides against 
thcs<' Slime metals. E. F. Herroun studied Zn : ZnSO^. SnSO^ : Sn ; and also 
Zn : U2BU4, SnSO* : Sn ; he also studied combinations with tlie two lucUls in stdn. of 
the n*sjK*ctive chlorides or iodides ; and of Zn : ZnCL, Na^PtPlg : Pt, or of Zn ; ZnCljj, 
AiiClj : All. Various other eombinations have ls*en studietl hy (1. Magnanini, 
Ci. J U. Bloehmann, ('. L. SjM'vers, ('. B. A. Wright and (’. Thompson, \V. lh*etz, 
and M. BiTthelot. Jiatmier (’lark s eomhination Zn : ZnS04, "dh a 

sat. soln. of zinc sulphate hiis an e.m.f. at 6' of I'l.TJH Ih) 

~(C0(KHi07(d- volt, and its us<‘ as a normal element has been discussed hy 
W. Juger, and H. Kahle. J. F. Daniell's cell Zn : Zn8()4, (’uS()4 : ('u has heen 
discussed hy J. (\ Poggendorff, F. Fuchs, A. F. SvanWrg, K. Branly, C. K A. Wright, 
(’. Fromme, E. Kittler, S (’arliart, ('. Cattaneo, H. Pellat, F. M. Kaoult, (1. Meyer, 
W. H. Preeee, F. Petnisi hefsky, etc,- rule. 1. Id, 3. 

According to K. Suehy, Darnell’s cell with molUm salts insli-ail of aq, soln. gives 
analogous results Other combinations with molten salts have beiui investigated 
hy 0. II. Weber, K. Ixirenz, etc.- <•(}. V. Busi’emi, W. Ihundcrs, L. Poincare, and 

J. Brosvn studied Zn : ZnClo, : Hn ; V. (’zejunsky, Zn : ZiiBr^, PbBr^ : 1*1* ; 

K. Sucliv, Zn : ZnC’l^ ; AgCl ; Ag ; V'. Buscemi, Zn:Zn(’L, Hg(’l2; llg ; 

W. Kemders, Zn ; ZidJo, PbCl.^ : Pb ; and J. Brown, Zn : ZnCh^, Mgt’l^.'Mg. 
E. Hoiity found the temp, eoeff. oi the e m.f. of zinc in fuml zinc chloride, 

T, W. Uiehards and 0. 8. Forhes, F. J. Melleiikamp, etc., hav<*, measured the 
potential of ainalgamati'd zim- eleetrmles ; W. (V Moon* mcMHured the jK)U*iitial of 
the zinc electrode in the eomhination Zn ] ZnH04 witli the normal ealoim'i elei'trode, 
at 1 20 5'. For 0.5, 0 1. OOl, and 0'002A^*Zn.S04 the olmervi'd electrode 

potentials arc respectively - 0 0’7D0, -0 820, --0 8,'iH volt. The values 

calculated from /i~-0‘02*.l2 log ((’i/Cj) are n‘spcetively ■ 0 780, - 0‘8(H), - 0■82‘J, 
and —0 8.50 volt. As W. A. Kistiakow'sky has shown^ it is m cM'ssary to exc lude. 
oxvgc*n as completc'ly as pccssibh* when setting up tin* zinc electrode. W. (1, Ilorseli 
also measured the potential of the zinc elec trode* in the; eomhination Zn ] Ziit 'lg ; 
AgCI I Ag. E. Cohen and co-workers measurc*d th** effect of prcHsurv and temprmturv. 
on the e.m.f. of the zme eh'ctrode ; 11. (jlilbault, and 11. Wild, tie* effect of 
press. 

The heat of ionisation of zinc jm*i valence IS given by W. Ostwald as 10,G(JO cals. 
The transport nonibets of zinc ions have lMM*n meiisured by K. Drueker, F. Kcdil- 
raiLsch, W. Hittorf, G. Kiimmel, S. Arrhenius, 0. (Irotriaii, J. F. Danic il and 
W. A. Miller, J. (’. d’ Almeida, A. Chassy, etc. The velocities o! the ionS, F, 
expressed in mm. per 8<.‘c., for a pot<*ntial difference of one volt jx^r min., were 
determined by C, L. Weber for soln. containing n inols of zinc nitrate pc*r litre : 

n ... 0-2 0 1 004 0*02 0*01 OWS 00025 000125 

V ... 0 091 0 111 0 09.5 0077 0094 0051 0052 0051 

W. P. Daven' gave <)’7t) A. for the atomic tldios of the zinc ion in zinc oxide. 

J. £. Murray and B. Renault investigated the electrochemical equivalent ; the 
former found 0'0003287 grni. of zinc to be dejwsited per amfiere-scMond. 

The decomposition voltages of aq. soin. of many zinc salts— zinc sulphate, 
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bromide, j)ho8phatc, acetate, oxalate, tartrate, cyanide, and complex salts— have 
been deterniincd by W. A. KwtiakowHky.^^ M. le Blanc, A. Gockel, W. Gaus, F. Kun- 
Bchert, H. Jabn, J, E. Root, H. E. Patten and W. R. Mott, E. F. Smith and F. Mahr, 
etc. H. E. Patt<*n measured the decomposition voltage of zinc chloride in acetone 
Boln; R. Lorenz, and C, (/. Garrard the decomposition voltage of molten zinc 
chloride and bromid<;. P. A. Favre, 11. Jahn, and R. Colley investigated the 
relation betweim the th<‘rmal and electrical energy required for the decomposition 
of zinc salts, The electrolytic solution pressure of zinc in aq. salt soln. has 
lieen investigated by C. R. A. Wright and C, Thom])8on,2fl F. Braun, W. Ostwald, 

B. Neumann, M. le Blanc, R. A. Ldifeldt, F. Kruger, R. Abegg, C. M. van Deventer 
and H. van Lumniel, etc, ; and m alcoholic soln. by II. C. Jones and W. A. Smith, 
G. (larrara and L. d’ Agostini, O. Hackiir, etc. The constant works out appro .vi- 
mately atm. for uq. soln., and l ‘Jxli)*o in ethyl alcohol soln. 

The OVervoltaRe of hydrogen on zim; electrodes in iV-H2804 is afiproxiniately 
070 volt. The Hubjei-t has been inv«‘stigat<‘d by W. A. Caspari,^^ F, Kunschert, 
J. Tafel, E. Miiller, A. (.oehn and Y. Gsaka, etc. The polarizutiOD of zinc electrodes 
has been investigat<^d by H. Tholdte,!^* J. P. Joule, K. Patry, C. Matteucci, J, Kcg- 
nauld, A. Oberbeck, K. R. Koch and A. Wullner, W. J. Muller, T. W. Richards and 

T. Dunham, H. Buff, J. W. Iiangl(‘y, E. Edlund, F. Neumann, M, le Blanc, fl du Bois- 
Reymond, M. (^orse[)ius, .1. C. Poggendorff, etc. According to E. Bcetz,^® zinc 
does not become passive by the formation of a superficial film of oxide, becaus(‘ the 
oxide is ele(‘tro[>ositive towards copper and silv<‘r. W. J. MuIIit observed an 
abnormally high polarization in soln. containing OH'-ions, and this is regarded as 
evidence of the pOSSivity of zinc. According to 0 Sai'kiir, and M. le Blanc and 
M. G, Jjcvi, zinc becomes jiassive in comrilex .soln. of cuprii; cyanide, or thiocyanat<*, 
in soln. of cadmium or nickel nitrati', or ferrous sulphate. W. K, Dunstan and 
J. R. Hill found that zinc is rendered pa.ssive towards soln. of cojijier Bui))hate, and 
towards aerial oxidation by imnu*rsion in a one per cent. soln. of ])otassium di- 
chromate or chromah', or a OOl-O'l per cent, soln, of chromic acid. Two per c(‘nt. 
soln. of sodium carbonate or of borax also made zinc jiartly jiassive. The passivity 
is due to a surfa<‘«' film which can be removed by scrati'hing. Washing with alcohol 
and drying also removes much of the ])assivity. A. Isib refers tluj alt<‘rnating current 
passivity of zinc to the overvoltage of tin* hydrogen. A. Thiel attributed the in- 
activity of zinc to the formation of a black film of undissolvcd cadmium on the 
surface. M. (\'ntnerszwcr assumed that the period of induction observ('d when 
zinc dissolves in <lil. acids is due to the pa.s.sage of zinc from a pa-ssive to an active 
stati*. lf(‘ found zinc becomes passive when heakd in vacuo or in hydrogen. 
Sinc(* the metal thus tn'ated is le.ss a< tive when rubbed with enier)' powder, than the 
untreated metal, h<‘ assumed that the passive condition extends below the surface. 
Active zinc In'comes passive by anodic polarization in 2iY-sulphuric acid, and passive 
zinc beconu'S active by cathodic polarization - ride the pot<*ntial of air-free zinc, 

U. Sborgi and P. Marclu'tti have studieil the anodic behaviour of zinc in sat. soln. 
of lithium chloride in act'tone, A. Gunther-Schulze,30 and W. Holtz have investi- 
gat(Mi the electrolytic valve action of zinc in aq. soln. of salt,s. 

The electric ^charge between zinc poles has been studied by (^. E. Guye and 
A. Broil,''* H. T. Barnes and A. N. Shaw, A. Posjiudoff, F. Miiller, and F. Ehrenhaft. 
M. Faraday, and E. Becipierel found zinc, to be diamagnetic. The disintegration 
of zinc eathodes has been studied by B. Walter, and F. Braun. For the disintegra- 
tion under liquids vide colloidal zinc, V. L. Ohrisler studied the potential gradient 
of an an’ with zinc electrodes ; and A. Hdrnli, the arc from zinc electrodes. 

J. Kbnigsberger found the magnetic susceptibility of zinc is -0 7()Xl(r« to 
~0'94xl0”* unit.8 of vol. ; L. Iximbanli found — l OxlCT* units of vol. 

C. Ch^neveau found — OTOxlO”* unita of mass, and K. Honda found —015x10“^ 
units of mass at 18'^, and - O’ 10 X 10“* at 650®. T. Ishiwara found that the diamag- 
netic susceptibility of zinc shoA’s a sudden decrease of about 4 per cent, at the m.p, 
and there is a linear decrease above and below tliis point. 
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5^ 6. The Physical Properties o! Cadmium 

Cadmiiini It ii .8 o .silver- vvhili* colour with a l)!tii?h-tinoe. and a hri^ht Iti.stre, whieli 
8(11)11 dulls on ('.\;|H)sure to air. Ac'cardinji to A. ('olson, a thin him of cadimum i.s 
bluish -vioh't 111 lransmttt(‘d liftht. The vapour of ('admiiim is oran^ie-yellovv or 
yellowish-Iirown. and, aei-ordine to F. Stromeyer. it jiroduet'S no di.sfinetive odour. 
H. Kiiininerer ‘ ohtained silver-white crystals of (adiniuni. fl S mm. lon^r, by 
distilling the metal in a .stream of hydrojyi'n in a eondoistioii tnlu*— the (Tvstals 
oeenr as renular octahedrons, dodeealn'droiis, (*te. F. Mylins and K. Funk obtained 
iK'odle-ltke crystals and six-sidt'd plates by sublimation of the metAi in vacuo. 
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H N. MorM* ai»d H. C JtmeR, H. N* Chat(‘lifr, E ilc Souza, and (J. W. A. Kahllmtiin 
also obtained hexagonal crystals by sublimation and the crystals n'stunltled those of 
zinc and magnesium. G. K<is<‘ and H. KaminenT Mi}«|M>S4Mi the crystals to Iwdong 
to the cubic ■•^vstem, but (i H. Williams, and I* Teriiucr showed that the crystals 
an‘ bipyraimdal and belong to the liexagonal sy.st4‘m : the axial ratio is gi\en as 
a : c 1 : I'lVk'). (r. d’Achiardi, and F. Rinne aUo made ob.-xr vat ions on tlu* < r\ stals. 
As indicated in connection with zin«“, this metal and »adinium arc i.somor))hourt 
According to W. Orthtff. the metals Ut} Ilium. magncMum. zinc, ami i inlmium, 
and al.st» a large nuiulsT of their com[»ounds. form an (Oitropic scries, and the increaia^ 
111 at wt is generally associated with an increase in sp. gr., mol, vol , index of 
refraction, ami mol refraction, but a <lecrt*ase in hardiu‘.s.s and s]> lit. I'lie c-axis 
also cliange.H with im reasing mol wt : 

U< M« Zti 111 

.\t .wl t» i 1*4 32 nr. 37 112 10 

n.c. 1:1-5802 1 1 (.242 I . 1 .T.Ol 1.13350 

.\. W. Hull found the X-radiograni8 of nidmium correspond.'d with n clost' 
jiaclc'd licxagcmal lattice . they do not tit the hexagonal lattice with an axial ratio 
F.'kio. but re(pnre an axial ratio I SO. The side of tie' e|ementar\ triangular jirism 
IS 2 '.Mill A , and the distance between the nearest atoms in lie' basal plane is 2 tMiO A , 
are! in tie- ]»yramid plane, d2Nt A Tie* deiisitv obtaim'd l»v tlnuling the masH 
of tie* atoms in an elementary (-ell, by the vol of the (di, is S 7f. the observed value 
is Siil2. L. IIaml)urg<‘r made an ultra-mu roseope- examination of thin films of 
cadmium S, Nishikawa and G. Asahara found that <adiiinim gives an ahrupt 
changt' III the patt<'rn of the X-radiogram at about 227 , and the\ studied the 
eib'ct of rolling and annealing on tie* X-radiogram W li Ifragg (-ah ulated 1 (>() A 
for the atoiMK' diane'ter and .M N SahaO-Sj A for the at radius 

The cast metal is ( rystalliie' . and wlieii sections are polisle'd and etched with 
dll nitric ii(-id, or a soln of ( iipre- sulpliatc. or siilphure- acid witli a b'w dropa of 
nitric acid the |iolyeoiial (rs.stals are revealed G. Carlaud found thest' crystals 
have th(* aj.pearam-e of a mass of (-ells when a thm laver of (admium is cast on a 
glass j)late whercliv the metal is suddenly (oi.lcd A<(or(lmg to II lichrens, and 
W ('am|)l)ell. dendritic ( rvstals appear on the surfa. t-s of ingots wlien the crysfalH 
grow at the surface, and a the metal soliddu's. the lifpiid part (ontracts, and sinkH, 
lea\ing the dendrites standing in relief. The den(lrit4‘s ha\e (he appearance of 
six-raved stars, symmetricalh arranged alioiit a hexagonal axis, Fig. If, and 
“from each axi.s, tlien* grows a s(*ries of parallel 
braiK-hes making an angle of btt' with that axis. 
to the 

pair thus 

to the 

and M. Took have grow'th 

of cadmium and Q A. .Maicsiin. 

the speed of crystallization of (ompn-ssed powd(Ts 
dilTorent teni]*., and in 

the 

crystalline metal which has been prodmed bv 

liri'akinn, ti-aring, or liliiig. hv rotln.g, drawing, kio. I t - l)-ndr,i-« of Ca.|. 
hammering, or polishing, is rt’ally coven.-d with mium ( 33g 

an amorphous glass like film, which may he mad»* 

to crystallize bv im'chanical treatment, or n'lnoved bv suitable cf^liiiig Inpiids. 
Zinc loses its crystalline structure when rolled or hammered into foil, or drawn 
into wire, hut, according to 8. Kalisrher, the crystalline structure of (-adimiim is 
not altogether lost liy this treatment, and it is made more manifest by heating the 
MK'tal between andS-Vt"^, and etching as iiidicat4*d above. Ify annealing the 
metal over W. Campl>ell obtained large polygonal crystals. ,1. A. Ewing and 
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W. Rownhain anncah^d the nwtal at 2^0'. Z. .L-ffrieH and R S. Arclicr said that 
th«* lowPHt t«‘nij), at wlihdi the nTrystallization of eold-worked cadmium has boon 
obwrved is tin* room temp. J N. Greenwoofl found the 8]>ontaneous annealing 
and revrystalli/.ation of chilled cast<‘admium occurs at ordinary tem}>. The slower 
the coolifig of the cast metal the larger the crystals. Wht-n cadmium is bent, it 
emits a crackling noise like tin. J, A. Ewing and 
■■IIIIIIIIM W. Rosenhain found that aft<‘r bimding, the crys- 

show the 

srribed, and in the 

bottom crystal, Fig. According to F. Mylius 
and K. Funk, a (admiiim 

not liomogcrieous, for the 

aggregate, s. C. Tainnianii >tiidied the 
a 

The specific gravity of cadinium u.is given ])V 
Fio. i:.. Cadnuuiii CryHlals G- Children - as H , by J F. .loliM, S To ; by 
stiowin^f Sli|).))Hfi(lM. VV. (ierapath as Hd.'tt); bv (' J. H Kar^teii as 

Mb.TY) ; by A Raudrimont as S (KiS'.i , bv II Kopp. 
(S'd.’J : by H. Kaiiimercr, «S t-o H (11) ; and }»y II. G. F. S( liiodcr between H’oKi 
and 8 (ili7. A. Matthiessen gave H (loo at 11 ; G. Quiiu ke, S iIl' 7 at 0 , and 
G. Vicentmi and 1). Oinodei, 8 (1(181 atO' ; W. Jiiger and 11 Die.sselliorst, 8(18 at 
18 '. Tlie best representative value IS 8-(}42. According to F Stroiiieyer. the cast 
metal has a sp, ur. 8(I0|(), and the hammered metal, 8(11)11. .1 (J. ('hildren, 

and fl, G. F SclirodiT also bnind the sp. gr of the metal was iiiiTeased by 
hammering, but F. C. A. fl. Lantsberry found that the sp gr. of annealetl 
cadmium is 8't;i:$7, and of the cold-worked metal. 8(1871); and .1 .lohnston and 
li. II. Adams gave 8 (181)7 for the sj). gr. of cadmium wire, and 8(1181 for the same 
afti'r annealing. W. Spring found the sp, gr. of the metal at 17 is 8 fllg, and after 
it had bei'/i compn'.s.sed at 2(),t)(K) atm., 8'(l(j7 at Iti , and no change occurred after 
a re[»etition of the treatment; G. \V. A. Kahlbaum, K Koth and I’ Stndler also 
found the sp. gr. of distilled eadmmm at 2(» /I , to be 8(;i8l.and after press, 
8 617(10 ; and when annealed at 270 the sp. gr was 8 i;b8l, while a ( old-draw n wire 
was found by G, \V. A. Kahlbaum and K. Sturm to ha\e a sp. gr. 8()871), 
T. M. liovvrv and R, G. Parker noted (hat (he sp. gr. of the metal i n nnixsi^ 8 0)1,‘», 
is greater than in the form of lilings. This is in ac<’ord with (lie geni'ral behaviour 
of metals. The tilings can be regarded as worke<l (tr hardemsl metal. Whim 
completely ann«'alo<l, .tlm metal contracts, but when ]>artially annealed at sav lOO 
or 108*^, there is an expansion. 'T. A. itiuidwin not<‘tl tin' sjamtaiu'ous change 
(expansion) of a coil of rolled cadmium ; G. Quim-ke found tlie sp, gr of the fu.sed 
metal to be 8‘8!)1 ; H. 8iedent.opf, 7 1)27)2 ; M. Tdpler, 71)7-’) ; and 1' H Hogness 
gave D=-8’02 O'OOl 10(^—820) for the* sp. gr. of molten cadmium at 0 . G. Vicen- 
tini and D. Omodei fouiul the sp. gr. of the solid metal at 818 is 8-8(i().'), and of 
the liquid metal at 818‘’, 71)87 ; there is therefore a I'ontrai tion on .soliditication 
as was also''obs(‘rved by F. Nies and A. Winktdmann It Arpi gave 

Ha 40iv’ nui ',o»i (>o,r 

8p. gr. . . 7'l)t 7 8S 7 S2 7-78 7 71 7 09 

fr^m which the coetT. of expansion of the liquid can be computi'd. W. Broniewskv 
found the vol. changed ()()172 part on melting. T. M. Lowtv found the sp. gr. of 
cadmium is decreased by annealing at !()()'. H. Itamage compared the .sp. gr. of 
the metals beryllium magnesium, zinc, cadmium, and mercury. 

According to K. Colnm and W. D. Helderman,^ when cadmium i.s heated for a 
considerable time in contact with a soln. of cadmium sulphate at 70' and 100®, 
its density decix'ases from 8’643 to 8’688 at 2.')74'^. and the i hange is .sujiposed to 
In' due to an enantiotropic transformation which occurs at 64 9 ; and this is 
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fiUpjH)M‘il to account for tbe disintegration of cadiniuni wires heat<*d to 8tr\ rt»j>orted 
by A. Matthiessen and A. von Bose. The transition temp, varies according to the 
thermal history’ of the metal, and it ia therefore infernHl that more than two iUotropto 
forms of ( admium are involved in the change. Electrolytically di^posited Cd is 
unstable y-cadmium. and this changes into stable aH-admium in time. The change 
IS attended by a decrease m the e.m.f. of a cell with the cadmium dejwsited on a 
Pt spiral as cathode, 12 per cent, cadmium amalgam tvs anode, and a soln. of cadmium 
sulphate as liquid. The e m f. at 2.V' fell from Ky -(K»r»tt47--“0(XH.»2'l.‘J7(^-~2r)‘ ) t<i 

tnM7t2 (MKMi2<ltK^ standing several weeks. The ditleR-nce 

thus inenMises as the tcinj). is lo\v<‘R‘d. The cadmium v\hu h giv(‘s the higher vylUge 
i.s called y-cadmiuin, and fhe one with the lower voltAge a-eadmium. K. H. (letman 
also fitimd that some cells give an e.m.f. of -0()4H()2 OUK)2O1(0 2;>) volts 

a value slightlv greater than a-cadmium, and it is eoneluded that eells with an e m f, 
of iHrill volt contain y catlimum, thos»‘ with an e.m f. of 0048, /3-cadmium ; and 
those with an e.m.f. of (»*(i|7 volt, a-ca<lmium. The difference U'tween the heat 
of dissolution of a gram-atom of y- and a-eadmium m 8 per cent, amalgam at 18’ 
i.s 72‘.> cals , and this represents the heat evolved when y-cailmium glasses into a- 
ea<lninini. K 11 (letman gave ;J7 for the transition temp, of a- to /3-cadmium. 
K. (oiienund A. Brums, and F. H.(it‘tnian sliowed that the supjiosed allotropic changes 
cannot be atfribuN'd to the adsorption of water of soln. hv the metal, but K. Cohen 
showed that F H. (letman mistook a change in the cadmium amalgam from a 
homogmieoiis to a heterogeneous Inpiid, and if a rec alculation be made tbe transition 
temp. is nearly (Kt'. K. Cohen and W. I). Helderman showed that 

y-('(l is in the metastahle .stat<* hetweeii (C and ICK) The e in.f. of the cadmium 
(elU correspond \Mtii tlie m<*tastul)le transition jioint y-Cd->a-Cd at !t4’8‘’. For 

1 rilK i>ms ca/c allotropic copjier. .1. N. (Ireenwooil s ob.s<*rvations on the annealing 
and lianlne.ss of cadmium led him to infer that there are two moditieations of thin 
clement - a-Cd. stable between 2o and bfC ; and /3-Cd, stable above OhA Observa- 
tions were made up to 1 10 

F Stroincver * found his metal t-o be harder than tin. A. Saposchnikoff and 
.\f Sin harotl gave 1.') ') kgriius. per sij mm for the hardness of cadmium. J. H. Kyd- 
herg gave for tfie relative jriniin'ss of magnesium. 7-in<*, and cadmium, 2’0, 2 5, and 

2 0 C A Kdwards ga\e 21) 0 for lirinell’s hardness. B. Ludwik found the curve 
representing the variation of the hardness with temp, is regular and convex towards 
tlie O'lnp axis whether the metal he slowly or rapidly cooled, if. Sii'dentojif 
gave 8o (S.T) to8‘J18 nigrins per mni ,or 8.'i2‘4 dynes per ein. for the surface tension 
of < admium at 431' ; and 20 0.33 to 20 'OH per sq nun for the specific (X>h6Sion ; 
(t Quincke gave 70 (15 ingrin.s per nun., <ir815 2 d)neB [icr cm. for the former, and 

1!» 8 jxT .sq. nun. for the latter- all in an atm. of carbon dioxide. W. Hagemann 
gave 553 dvnes per ( in. for tin' surfa<’e tension at 31 B'', 546’4 dynes ])(‘r cm. at 350 , 
and 533 1 dyne.s jier cm. at 112 '. T. K llogness gave (r 6'i() — 0 0(15(0—320) for 
the surface tension of molten cadmium at 0 For the coetf, of visCOSity of molten 
cadmium at different temp., K. Arpi gave 

m\ 4«Ki' &r»o" soa* 

Viscosity . , 0 0144 0 01.34 0 0127 0 0118 00116 00110 

For the diffusion constant of cadmium in mercury, (T Meyer gave A --15(i at 15'’ ; 
and M von Wogau, k~\ 45 at 87’, and k - 2 ‘.Ki at IMf I . W. J<. Bragg gave 0 l(KJ/x|i 
for the at. radiu.s of the at. spheres. K. F. Slotti; estimated the edge of the mol. 
cube of liquid and solid cadmium to be 7 lxl(4~® cina. (5 T. Heycock and 
F. H. Neville estimated the molecolar weight from the f.p. of wiln. of cadmitmi in 
sodium, tin, h‘a<l, and bismuth. A. Masson found the velocity o! sound in cadmium 
to be 2-‘i06 6 metre.s per sec. 

F. Stromeyer ^ found the cadmium he prepared wa-s easily cut with a knife ; 
it was very flexible, and its ductility and malleabili^ enabled it to l>e drawn into 
wires or beaten into plates. Like zinc at 205'’, cadmium at 81/’ becomes brittle, 
and it can be powdered by rubbing it in a mortar. A«x:ording to G. Wortheim, 
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Tonng’l modahlf, or the modohu (A etiidcRj of cadmium, ia from 424x10* 
to 631 X 10* gnns. per sq. cm., or 4240 to 5310 kgrms. per sq. mm. at ordinary 
temp., and he found empirically that the product of Young’s modulus into 
(if/D)l is approximately the same for all metals. P. Ludwik made some 
observations on this subject. W. Sutherland represented the relation between 
temp, d"* and Young’s modulus, E, in grams per sq. cm., by EIEo~l—0'S2^IT, 
where T is the m.p. on the absolute scale, and Eq is the value of Young’s 
modulus at absolute zero, viz. 1040x10* grms. per sq. cm. W. Voigt gave 
7070, and E. Oriineisen 5090 to 5240 kgrms. {)er sq. mm. for the elastic modulus of 
cast cadmium ; and K. Oriineisi'n, 4 99 dynes per sq. cm. According to the latter, 
also, the V0lain6 dUstidty, cubic eloMidty, or bulk modulxh, is 412 X 10^^ dynes per 
sq. cm. E. GriimMsen gavcO '^10 for Poisson’s ratio — that is, the transverse contrac- 
tion to the longitudinal extension under tensile stress, B. MacNutt and A. Concilio 
discussed the noises which occur when cadmium is stressed above a certain load. 
The OOmpressibility of cadmium is given by E. Griineisen as 420<J kgrms. per sq. 
min. ; and T. W. Richards found the fractional change of vol. caused by one megabar 
press, between 1(J0 and 500 rnegabars to lx' 2T X Kr** ; E. Gninei.sen gave 2‘4 X 10~* 
at 18®. 8. Lussana found the coeff. of compressibility of cadmium was 2'H8xlO“'* 
at 11‘5®, and 2‘99x 10~* at 99®. L. II. Adams, E. D. Williamson, and J, Johnston 
gave 2'24 X lO ]><‘r megabar for the compressibility of cadmium at 0 megabar 
press,, and 170xHt“« at 10,0(K> megabars press. They represimted the change 
in wl., bv, per c.c. produced when the press, changes from 'Pq to ]) hy Be— 1‘2 
XKrH2-071XlO"*(p- p„)-l-75xlO"n(p_p„)3 What N. 8. KurnakoH and 
8. F. Schemtschuschny call the plastidty that is, the press. re(|uired to ])roduco 
a flow of the metal through a given opening at ordinary temp. - is 31 00 kgrms. per 
sq. mm. W. Spring, and N. Werigen, 8, Ijewkojeflf, and G. Tammann also nu'asured 
the velocity of flow by pressing the warm metal through an opening. J. Burton 
and W. Marshall found that when suddenly compressed to 300 atm. the temp, of 
cadmium rises 0‘2H,5® and falls 0’293® when the pre.ss. i.s .suddenly roleawd. 

According to A. Matthies.sen,« the coefficient of linear expansion of cadmium 
between 0® and UX>® isOIXKXfJlbP ; and unit vol. ato l)ecomeK at 1-| 0'(X)00H078d 
-f0'{J(XKXX)14CX)d* vols. H. Kizeaii gave 0(XX>o:X)()9 at lo®, or 0'(XXX)31()2 bi‘tween 
0® and KX)® for compre.ssed jmwdered distilled cadmium ; i*. Glatz('l found 
0'(XXX)312l ; G. 8<'hafer gave 0'0(XX).‘lorX) ; and W. Voigt, 0 (XX'X)217 between 
18® and 43®. F. 0. (Calvert and H. Johnson have also mvestigati'd the subject. 
H. Kopp gave 0‘(KXX)94 for the eoetT. of cubical e.xjiansion between 0 and 40®; 
and G. Vieentini and 1), Oimulei found 0<XXX)948 for solid cadmium at about 
315®. and for the molten metal between 318® and 351”, 0(KX)170. N. E. Dorsey 
gave 0 (XHX)2970 at 10”. and 0 (X)(X)2‘U)2 at 170®. W. Broniewskv gave 0’()0(X)lXj23 
for the average coefT. of cubical expansion between absolut** zero an<l the m.p. of 
cadmium. F. C. Galvert and H. Johnson found that if the thermal conductivity, 
A, of silver is 1(X), that of cadmium is 57'7. F. Weber ' gave (C2213 for the absolute 
conductivity in cals, per cm. per .sec. per degree dillere nee of tenq). and gaveO‘22(X) 
at 0®, and 0'204r) at l«X)®. W. Jiiger and H. Diesselhorst gave 0‘221t) at 18® 
for highly purified east cadmium, and 0‘2U9 at UX)® ; drawn wire gave a rather 
higher value. V. H. L(*es obtained 0‘217 at 18® ; 0 219 at 0® ; 0 228 at —80®; 
and 0’239 at — IfiO”. L. liorenz gave 0(XXt7046 for the temp, coeff. of the con- 
duetivitv, and W. Jiiger and H. I)ies.selhorst, — 0 38 per cent. The latb'r also 
found the temp, eonducting power- X/Ih, where 1) is the sp. gr., and s the sp. ht. — 
to 1x5 0()47 at 18® and 0 444 at BX)®, with a temp, coeff, of —0 6 per cent. 
P. W. Bridgman found the thermal eonduetivity of cadmium increases linearly 
with press. R. Schott found the thermal conductivity, A, and the electrical conduc- 
tivity, A', of cadmium to incn’a.He as the tenq». i.s nnluced : 

0" m' -SfiO-?’ -25t’r -252'6 . 

A . . . 0 975 1 033 1-833 1*852 1 872 

K . . . 0<K»14fi 0-00636 - — 0 00699 
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U. V. K 4 gnault * found the ipedflo heftt <A cadmhim to be inmi ; H. BulW'n, 

0 U548 k'tween O'' and 100"' ; W. Voigt, 0‘0f>4U In'twi^en 18® and H. Kop]j 
gave 0 0542 at about 37“ ; A. A. de la Rive and .1 Slan‘et,0’058at lO'" ; F. Welnr. 

0 0475 ; and C. J. Burton and W. Marshall, 0Df)5. E. Heill>or;j, and L Sohnrke 
deduced that the sp. ht. of an element with monatomic mol. must decrt‘aHt' with 
rise of temp., and this agrt'es with observations on the s]>. ht. of menmrv. L. Schiiz 
found the sp. ht. of cadmium to be greaU^r bc*tween -^78“ and 20^^’ than betwi'cn 
20® and 100“, but A. Naccari found that the sp. ht. of cadmium stemlily rises 

from *18“ to 320“, and he gave O'OoIti at 0“ ; 0*0,570 at 100 ’ ; 0*0,588 at 2tK> ' ; and 

0 0()t>7 at ‘KJO^ or, at \ the sp. ht. is 0*054 G'f0 ()0(K^23<>7d U. Behn gave 0*0498 
between -186“ and --79'; 0 0537 Ixdween - 79" and 18’ ; and hotwi'en 

18“ and 100“, 0 056; G. \V. A. Kahibaum, K. Roth, and J*. Siedler, 0*0,559 for 

ordinary rt‘distilled cadmium, aiul 0*0560 for cadmium which has l)e<*n su]»iected to 
a high pn'ss. F. Streintas gave 5*6 for the at. ht. ladween - 186* and - 79“ ; and 
60 between 79“ and 18 ; the temp, ctuff. between *-30“ and * l.‘io is 0*(K)071. 

E. H and E. Grifliths found the at. lit., Cp, to decrease as the temp, falls, 
thus ; 

-223* -173“ -133* -t>3“ -33* 13’ 7* 47* 107* 

( . . 3*40 6*37 f. 79 fi 93 «*04 6 14 6 19 6 29 6 44 

W. H. Rodebush gave for the at. ht., 1*69 at --21K)“; 4*91 at 193' ; 515 at 

18ii ’: .5 .32 at - 173\ A. Naecari repnwnted his results for tin* sp. ht. of 
eadmiuln at by 00516(1-1-0 (K 044310^). R. C. Tolman gave .39*8 for the 
entropy of eadmium at 25“, G. N. Is'wis and eo -workers, .39*79 (gas), or solid 
11*80. 

Th(‘ melting point of eadmium was found by A. 1). van Hiemsdijk.® and by 
F Hudbergto lie 320“ ; l.v A. I)itte, 315®; by B. Wood, 3l.5®-316“ ; by C. C. Person, 
and H. L. Callemlar, .320 7 : by F. Nies and A. Winkelmaim, .310“ 32(r ; by 
H. Bccijuerel, 315*8“; by G. Vn entiiii and I). Omodei, 318“ ; by K. H, Griffiths, 
32l'67° ; bv H Siedentojif, 312 ; by A. Ti. Day and E. 3'. Allen. .320*7“ to 
321*7 ; by C. Sehiifer, .320 ; bv L Holborn and .\, L. Day, .321 7“ : by N. S. Kurna- 
koff and N N I’ushin, .321*0 . ('. W. Waidiier ami G. K. Burgess, .320*39“ 
to ,321*01“; A li Dav and K. B. Sosman. .3200“±0 3' ; and by L. Holborn 
ami F, Henning, ■120*92 Otlier determinations have been made in eonneeiion 
with the fii.sion i iirves of limary nii-xtures hy (’. 3’. Hey<*oek and F. H Neville, 
H. Gautier. O. Boudouard, G. Masingami G. Tammann, H (-. Bijl, K. D*wkonja, 
R. Sahnien, M. Kobava.shi, ;\ Stoffel, G. Hindrielis. D. P. Smith, (’. H. Mathewson 
G, Voss, W. Treitsehke, etc. According to K. Seheel, W. Giiertler and M, Pirani, 
ami L I. Dana and P. D. Foote, the best reprewntative value may )>e taken to be 
.321 . H. Ramage eom}iared the m.p. of the metals beryllium, magnesium, zinc, 
eadmium, ami im*r( ury. M. Is'merav. J. von PanayefT, and H.F. Wielm have also 
discussed the relations of tlie m.p, of these elnm'nts. W. Spring claimed to have 
united two rylimlers of cadmium by warming them for 5 hrs. at 295 . .1, Jolmston and 
L. H. Adams found the m.p. of cadmium was depressed (Idjdf) (1*00629^ per atm. 
G. G. Person gave 13*66 (-als. per kgrm. or 1*54 Cals per gram-atom for the hdftt Ol 
fusion of cadmium; J. .Johnston and L. H. Adams gave 13*7 cals, per gram. 
A. higerton, and J. W. Richards have made observations on this subject. 

F. S. Mortimer gavr 23*4 Cals, for the latent beat o! vaporisation. 

C. Barus, ami 0. Ruf! and B. Bergdahl measured the vapOOT pwssure of eadmiuiii 
in mm. of mercury at different temp., and the former found : 

540* M5* 620* <W7’ 702* 724" 745’ 700' 770* 

Vap. prosH. . . 22 26 76 157 262 365 489 624 766 

J. W. Richanls also calculated the following values for the vaji. )>ress. in mm. of 
mercury : 

* ' IH.Y’ TOO’ .W’ 478* 600* 700* 780* 984* ISftS" 

0*0002 0*060 0*478 9 * 2.3 76'76 300 760 3230 123120 


Vap. press. 
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The vap. prew. cum of ca^Imium is indicated in Fig. 9. A. C. Egerton 
represented the vap. press., p, of cadmium at the absolute temp., T, by 
p:=^5'27 X dynes |K»r sq. cm., or log p--10 5979— O'.") log T 

—60607*“^ mm, , The slope of the vap. press, curve of cadmium at the m.p. 
is 3'70Xl0“3 nirn. J. A. M. van Lieinjit represented the vap }>res8., p, of cad- 
mium between 822' K. and K. by the formula log p -- -'AHl JT ro’ij') atm., 
where T denob'.s the absolute ternp. ; and he reprcjwntcd the sublimation curve of 
cadmium by the formula log p ——6.313/7’+ b'21. F. A. Henglein made some obser- 
vations on this subject. Barus’ formula is log p- 2063 - 71437'“i-~3'8(l8 log T ; 
and 11. Braune’s, log p r>7r)37'~‘'-128 log Tfl2‘28+ ,). A. M. van Liempt 
gave 2.V82 for Trouton’s constant ; and If. Braune, 7 '><) for the chemical constant. 

According to B. Wood, cadmium volatilizes at a buiij). somewhat over 31 
“ giving off orange-yellow cohmred suffocating fumes, which, when inhaled too 
freely, leave a disagreeable, sweetish, styptic sen.sation upon the lij)s, and an 
intoh-rable and persisbuit bra.ssy tasb^ in the mouth, witli con.striction in tin; 
throat, heaviness in the head, and nausea. ’ W. Sjtring supposed cadmium 
volatilizes betwiMUi and .‘MX)’ beeaus<! it can alloy with copjier at that temp. 

C. .1. Hansen found that cadmium evaporates af»prcciably at 129 . F. Krafft 
found that cadmium evaporat<*s appreciably at .’322', and lioils m vacuo at 4r)0° 
when ex])os<>d to green cathode rays E. Demarvav. and Schuller observed the 
vaporization at KM)''. According to F. Krafft and L. Bergfeld, the difference between 
the temp., 136'", at which vaporization begm.s in vacuo, and the b ]> , loO’, in vacuo, 
is approximately eipiul to the difference between the b.j). of the metal in vacuo 
and at atm. ])n‘ss. 749". T. Turner and co-workers .studied the effect of inert gases 
at different })ress. on the rate of volatilization of cadmium. K. Bennewitz measured 
the rate of evaporation of <-admium in vacuo. If. J. H Sand, .1. Stark and S Kino- 
shita, and .1. Stark and U. Kueh made a cadmium vapour lamp analogous to the 
mercury vapour lamp. F. Krafft found drops of cadmium exhibited L'ldeiifrost’s 
phenomenon. ( 3 .1. Hansen found tlu' boiling point of cadmium to be 749' at atm. 
press., and 4.30’ in vamio. H. St. (!, Deville and L. Troost gave 86)0'', which 
on correction becomes 81.3’, for the bp. of cadmium. T. Carnelh'y and 
W. (’. Williams gave 7(13 ’ to 772 : E. Becipierel, 74()'’ ; (I Barns. 782 : W. R. Mott, 
778" : H. le Ghatelier. 77U" ; G. Ruff and B. Hergdalil, 783'’ ; ,1. A. M. van Liempt, 
78tr ; I). Berthelot, 778" ; 0. H. Weber, 770 to 780'. (’. Barns gave for tie* b.p. 
of cadmium at different jire.ss. in mm. of mercury : 

I'reKH. . . 0 22 105 2<»2 4H0 517 (i5l) 7.50 

B.p 44^ 64r 63r 702’ 745 7.50' 71)0 772’ 

D. Berthelot represented the b p. of cadmium by 788+i(p -760), where p denotes 
the press, but slightly removed from normal atm. press, in mm. of mercury. Accord- 
ing to K. Krafft and 1‘. Lehmann, the b.p. of cadmium incn'ases .3 ’ for a rise of 80“ 
mm. press. W. Sutherland caleulated values of tip/dd from C. Barns' vap. jire.ss. 
measurements, and showed that the latent heat of vaporization of Inpiid eadmium 
is 29'6 Cals, per gram-atom. A. Wehnelt and C. Museeleanu, and E van Aubel 
found the latent heat of vaporization of zinc is 181 (’als. per kgrm., .f. W. Rirliard.s 
gave 216 Cals, per kgrm., and J. A. M. van Liempt, 27,360 cals, at the b.p. 
(’. C. Person gave 1340 cals, for the heat of sublimation. E. Beckmann and 
0. Liesehe measured the b.p. of cadmium amalgams and found the results agreed 
with the monatomic condition of the metal at tht'se temp. W. G. Duffield gave 
4*0 xlO* cms. per sec. for the velocity of the mols. projected from boiling cadmium. 

According to M. Knudsen, cadmium Miapour condenses on a clean glass or mica 
plate when the temp, is between —183“ and —78“, but above the latter temp., the 
vapour is partly retiiinod by and partly repelled from the surface. R. W. Wood found 
that cadmium may condenst' as a thin metal ffim when the temp, is below —100“, 
hut above that temp, it deposits aggn*gates of metal which apj>ears to be clusters of ' 
crystals. A. C, Egerton has also made observations on this subject. According 



ZINC AND CADMICM 


461 


to J. W. Richards, if the partial press, of cadimum vapour in a condenser is .‘iHO min., 
no metal will coiideniM’ until the temp, of the jiases is r»‘durid to . Tins temp, 
may thus U* com])ared with the de\^ -point of air -eu/r xinc fume 

P Drude found the illd6X o( refancdon of metallic cadmium to Ix' Id 
fur A the absorption indei f- 5(ti ; and the reflecting power R 

per cent W. \V. C'ohlentx i;ave for the rctlccting p<>\vcr R : 

A .10 2 0 4 0 7 0 100 12 0/1 

Ji ... 72 87 96 . 98 98 99. 

Plane polarized li^ht rellecUd from a polished surface is ^’cnerally elliptically 
polarized, and for a (crtain angle, the angle of principal incidence, <l>, 57', 

the < haiuje i.s ‘Ri , and if the plane polarized incident beam ha.s a I'ertain azimuth, 
angle of principal azimuth, 0, d8 eireular polarized light re.Hult.s. 11. Knohlauch 
gave 7ti 05' for tlic polarization angle of heat rays, and 1 087 for the index of refrac 
tion . and for yellow rays re.sjiectively 70 (Kl and 2 717. (’. I'uthhertjson ant) 

K P Met< alfe gave for the refraetivity (ft - 1) \ 10^ 2780 for cadmium vapour with 
A 51.S ; 2725 for A 5l(l/i/i ; 2075 fur A -581) aud A t)5t> d|u./i. L. Natan- 

'•on ohtamed l.’WT for sodium light. V. Kent measured the clTcct of temp, on 
the optical properties of molten eadmium. J. H. tiladstone's value for the refraction 
eQUivalent i.s Id 1, and W. ,1. Pope'.s, lG.5,d for the /bray. J. Kaiionmkoil, and 
\V , Ortlotf ha\e made ohservation.s on this subject, li. l\>giiny measured the 

Faraday effect, tliai is, tin* rotation of the plane of polarization of thin films <tf 
cadmium 8. Procojuu found that toluene has a positive liircfringeuct', hut if finely 
powdered cadmium is suspended thereon, the birefrmgeme is negative. Similarly 
with lienzeiie, etc. 

A, Wilkiii.soii >* observed a bright greenish-yellow fluorescence during the 
action of eliloriiie on cadmium but none with bromine or iodine ; a yellow fluoR‘seem'e 
during tlu' action of o.xygeii or .sodium pero.vide ; and a whiU* or hluish-whit-e 
fluorescence during the action of a persulphate. K Wiedemann and G. C. S< iimidt 
also examined the jiliospiiorescencA* of cadmium salts in tin* < utliod(i rays. .). 8. van 
dor Liiigi'ii .studied the fluoresicncc of cadmium vapour, d. J Thomson, 
H tl ,1. Moseley, H lljalmar, and C. (I Parkla and (’. A. Siuller have examined the 
ab.sorptioii coelf. of euiliniuin under tiie influence of the se«-ondury radiations from 
X-rays; and M. Hurnnize.si u found that cmiiniuiu is le.ss u<‘tive than zinc, but inon* 
ai five than inagiie.sium, aluminium, or tin. The high freijucncy or X-ray sjiectruin 
ha.s been .studied by E. Frirnan, 1) Coskr, etc. .1. A. Becker investigated llie 
effect of a magnetic field on the abhorptioii of X-rays. N. K, Camjibeli has studied 
the ionization of air by the metal ; ami 11 Greinaeher, the radioactivity of cadmium. 
H. K. von Traiihenberg found the range of thett-raysm cadmium to be 24 '2x10* * 
cues K. .Strcintz, B \j Vanzetti, H. Muraoka and M. Kasuya, F. Streintz and 
(). StrohschneidiT, and N. Pilt.schikoff have stuilied the photographic OffCCtS of 
cadmium on .silver bromide, and jmtashium iodide. E. li<'‘grady attributes the effect 
to a reaction with wab*r vapour wdiereby ll'-ions are produced, ]>ut no hydrogen 
jieroxide is formed a,s assumed by W. Merckens vidr copjier, and zinc. The 
elements arranged in the order of their photoelectric effect have been given in 
connection with zinc. R. Hamer found the limiting frequency for the photj- 
electric effect with cadmium to be 3130 + 50. 
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Fio. 16.— The Spark Spectrum of Cadmium. 


The tqiark spectrum of cadmium waa first noted by C. Wheatstone. OliservA* 
tions by A. Masson, and T. R. Robinson did not advance the study very far. 
G. Kirchhoff measured some lines and compared the results with the measurements 
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of Gie Frauenliofer lines of the solar spectrum. Measurements have been made by 
R. Thal^n, W. Hu^ins, L. de Boisbaudran, J. N. Lockyer, W. N. Hartley, 

G, D. Liveing and J. Dewar, H. Becquerel, G. Ciamician, G. A. Heinsalech and 
A. de Gramont, E. Carter, J. S. Ames, H. Kayser and C. Runge, A. A. Michelson, 
A. Fowler and H. Payu, etc. The more important of the 74 lines in the arc spectrum 
of cadmium, expressed in llT® cm. units, in air at lo*" and 760 mm., are : 3261, 
3404, 3406, 3466, and 3611 in the ultra-violet ; 3982 in the violet; 4413, 4678, and 
4799*908 (ft in the blue; 50a')-822 (a), 5155, 5338, and 5379 in the green; and 
6438*470 (y) in the red. The triplet on the sc-ale at 80, 95 4, and 102*8 in the spectrum 
of cadmium corresponds with the triplet at 94*6, 100*05, and 102*6 in the spectrum 
of zinc. The a-, ft, and y-lines are characWristic. With a more intense sparking, 
the a-line becomes weaker, and lines appear at 5379 and 5338. A. A. Michelson 
pro|)os<‘d referring measurmnents of wave-lengths of spectral lines to the a-, j?-, and 
y-cadmium lines. The red lipc at 6438 and the green line at 5<J86 serve as standards 
for absoluk* measurements. F. Brasack claimed to be able to detect 0*0004 mgrm. 
of cadmium in the spectrum of the spark from metal electrodivs ; and E. Cappel, 
0'000066 mgrrn, W. Schuler found the characteristic lines of cadmium are no longer 
visible withO*UJ04 mgrm. of cadmium chloride ; 0*(XX)2 mgrm. of cadmium bromide, 
iodide, nitrate, or sulphate. R. C. Dearie, and F. M. Walters measured the infra- 
red STHJctrum of cadmium. 

The spectral lines of the magnesium, zinc, and cadmium family of (dements furnish 
a number of line-series, as illustrated in Fig. 3, 4. 29, 4. H. Kayser and ('. Runge 
represented the first two series of triplets in the spectrum of cadmium by the formula? : 

HHHT SmilKS. SKCONI) SKItIKS. 

10*A-*»40766‘2l 12863i9»~* -1281)0I9n-» -40797 12- 120146a' » r,56137a- ' 

10»A-*«41914 00- 12803;ya-* 1289619a- • 10*A-»-=4l908-80-120140a-» 

10«A“‘«424fl6'64™128635n « 1289619a~^ lO’A ‘^42510-58-120146a-*-555137a- > 

which account for nearly half of th(? lines in the arc-spectrum of cadjuiuni. Several 
int/cnsi? lines are not inchjded in the formulre, e.g. the line 2288*K) which, according 
to J. Stack and S. Kinoshitu, is the most intense of the cadmium lines at a low 
temp, The line-series of the cadmium spectrum have been studied by W. N. Hartley, 
J. 8. Ames, J. R. Rydb(‘rg, II. Kayser and G. Runge, C. Runge and F. I’aschen, 
L. Janicki, A. Griinwald, C. de Watteville, J. de Kowalsky and P. Joye, B. Hultlmn 
and E. Bengtsson, 8. Procopiu, A. Kratzer, H. Cn'w, A. Fowler and H. Payn, 
0. von Bayer, F. A. Saunders, P. G. Nutting, etc. C. Fabry studied the satellites 
in the cadmium 8[»ectrum. J. M. Eder and E. Valenta, W. N. Hartley, 
C. de Watteville, E. Cappel, etc., studied the effect of temimaiure on the sensitive- 
ness of the spectral reactions of zinc ; the effect of pressure was investigated by 
A. Kalahne, M. Ritter, F. L. Mohler, W, J. Humphreys, C. Keller, etc. ; the effect 
of hydrogen and nitrogen was studied by L. Arons ; and H, Finger, and B. de la 
Roche, the effect of the gaseous medium on the spectrum. A. Hagenbach and 

H. 8chumacher studied the line spectrum of cadmium in the electrodeless ring 
discharge. 

The flame speotmm of cadmium consists of lines and bands which have a 
conmlicated structure. The lines include the 5086, 4800, 4678, and 3261. 
H. Ramage could not find the line 2288 in the oxy-hydrogen flame spectrum. The 
flame spectrum has been studied by A. Mitscherlich, J. N. Lockyer and W. C. Roberts, 
A. Gouy, J. M, Eder, W, N. Hartley, W. N. Hartley and H. Ramage, C. de Watte- 
ville, etc. The ultM-violet speotnm was investigated by G. G. Stokes, W. H. Miller, 
J. L. Soret, W. N. Hartley and W, E. Adeney, L. and E. Bloch, L. Bell, H. Deslandres, 
G. D, Liveing and J. Dewar, J. M. Eder, J. M. Eder and £. Valenta, G. Berndt, 
C. Runge and F. Paschen, R. A. Sawyer, E. Neculc4a, R. W. Wood and D. V. Guthrie, 
F. Exner and E. Haschek, J. Stark and S. Kinoshita, £. Mascart, etc. J. J. Dobbie 
and J. J. Fox found cadmium vapour has a number of sharply defined absorption 
bands in the ultra-violet. E. Hulthen studied the band spectrum of cadmium. ^ 
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The oltra-fad ww investii^ted by V. Schumann, F. Paachen, H. Bt^querel, 

etc. The efiMt waa inveatigated by A. A. Michelaon, F. Zeeman, J . 8. Amea, 

R. F. Karhart and H. M. Reeae, T. Preaton, J. C. Shedd, H. M. Reeae, 11. Ramage, 
W. H, Miller, C. Range, F. Paachen and C, Runge, etc. Cadmium aalta form colourlm 
aoln. which do not give an abiOrptiOD fpectrom alone or with tincture of alkannu. 
T. Rctachinaky found solid cadmium chloride gives an absorption apoctrum. 
J. Elatcr and U. Geitel have studied the photoelectric effect with cadmium. J. 8. van 
der Lingen studied the electrodeleaa discharge in cadmium vapour. F. L. Mohier 
and t'O'Workcra found the resonmce potentUl of cadmium vajKjur to be 3*y5-<i'3r> 
volts, and the potential to be U O volts ; for the latter, J. C. McLennan and 

J. F. T. Young obtained’O U volts. K. T. Compton found 2 Cd-d’Uti volts for the 
minimum ionisation poUmtial. M. N. Saha has made obaervationa on this subject. 
B. K. Moore studied the excitation stages in the arc spectrum of cadmium. 

The oomdactivity of cadmium has been measund by A. Matthiosseu,!^ 

a ho found that if hard silver has a conductivity of lUO, at U^, that of catlmium is 
2210; Fi. Becijuerel found 24*58; J. R. Benoit, 22 5 ; and A. Matthiesseu and 
A. von Bose, 2'J72 ; the latkr also obtained l“0 (X>3(>871^-fO OOOlX)757fd* for the 
conductivity at r ; and J. R. Benoit, l-Hl U)42()4d4-0 00(.XX)1765d*. F. Weber 
found the specific conductivity to be 0 OU1461 ; W. Jager and H. Diesaelhorat gave 
for cadmium with less than 0 05 per cent, of lead, zinc, and iron, at 18‘\ 13i3xU)^ 
rec. ohms, and at 100°, 9 89x10* rec. ohms, while for the less pure metal, they 
obtained 13'25xlO* and 10*18x10* rec. ohms respectively at 18° and at 10t)° ; 
for the two varieties of cadmium the electrical resistance at was found to bt* 
respectively l-f0 00425d, and l-f0*U040d. L. Lorenz obtained 14*41x10* rec. 
ohms at 0° : G. Mayrhofer, 14*7x10* rec. ohms at 0° ; and the latter found that 
the conductivity increases 1*3 per cent, when the temp, was raised to 130", and he 
gave for the 8|>ecific conductivity at $ , 1—0*00378^. J. Dewar and -f. A. Fleming 
found the eh'ctrical resistance R of cadmium in microhms to bo : 

^ . . 182-2® 91-10^ 18-8® 1*00® -46'2® -81*9® ^197'1® 

R . 18-367 13-843 10-980 10064 0-286 6946 2-952 

A. Eucken and G. Gchlhofi gave 7 76 microliinH at 0" ; 5*45 at —79 ’ ; and 1*98 
mierohm.s at 190". 8ome rc'sults by li. 8<-hott arc indicated in eomieetion with 
thermal conductivity. E. K. Northrup and V. A 8uydain found, for the resistance 
R in microhms : 

e® . 300® 326 360® 400“ 600® 600® 700® 

Ji . . 16-62 33 76 33 60 33 70 34 12 34 82 35 78 

and they gave the ratio 1*97 for the resistivity of the liquid at the in.]). (318°), 
viz, 33'77 nucrohms, to the value for the solid at the lu.p. of zinc viz. 171 microhms. 
G. Tammann and K. Dahl studied the relation between the resistance and structure 
of cadmium-zinc alloys. G. Vassura found the conductivit.y of cadmium at the 
in.p, 318", before and after fusion, to be respectively 5 09x10* and 2*88x10* 
microhms, and G. Vicentini and D. Oinodei gave for fusk-d cadmium at the m.p. 
318", 2*99x10* microhms. 

F. Streintz found the temp, coeff. of the electrical resistance of cadmium between 
18° and 100° to be dRldd—i2bXi(X~^ ', L. Holborn gave 424 xlO”"^ I>er degree 
between 0° and 100°. P. W. Bridgman, and B. Bttckman measured the effect of 
pressure and temp, on the electrical resistance of cadmium ; the former obtained 
for 0 and 1200 kgrms per sq. cm., 

0* 26* 50' 76' 100* 

Resiataaoe . 1*0000 1 1012 1 2057 1-3133 1*4240 

1 Okgrm, -O-O^IOOS -O-O4IO82 -0041095 0041102 -OO4IIO6 

Frees, coefl. 12,000 kgrma. -0-04746 -0 0,765 -0-0,778 - 0-0,786 -0*0,790 

{Average . -0*0,8940 - 0*0,9104 - 0 0,9212 0 0,9267 - 0*0,9270 

The average temp, coeff. from 0° to 1U0° at 0 kgrm. press, is 0*00424 ; W, Jager 
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and H, Dicsselhorat gave 0 00396 to 0 00421 : and B, Becknian, 0 00425. G. Fae 
found the influenfie of mafinetization on the electrical resistance of cadmium to be 
uncertain. N. Dagostino found that the electrical resistance is increased by trans- 
verse magnetization, and 1 j. Grunmach said that the increas<* is greater with cadmium 
than with zinc, copper, silver, gold, tin, lead, j)latinum, palladium, and tantalum. 

A. Coehn and A. Ijotz found that cadmium in vacuo is negatively charged 
against glass. W. Hankel if* found that if the* difference of potential of zinc and 
copper be 2fXJ, that of filed cadmium and copper is 175, and of cleaned cadmium. 
181. The Volta effect was attribut<‘d by E. Warburg and H. Greinacher to a 
condensed layer of watc’r because the difference of potential between cadmium and 
radiotelluro-copper is -0*540 volt, and when thoroughly’ dried, - 0 015, and when 
exp 08 <‘<l to the air of a room, —0*719. W O.stwuld found that cadmium, like zinc, 
is electronegative towards acids ; and W. Ilankad that it is electronegative towards 
water. W. Spring found that cadmium which ha.s been strongly compre.ssed shows 
a difference of potential of 0*20 millivolt towards the annealed metal. 

Cadmium is thermoelectrically positive. A. Seebeek found that cadmium 
is nearer than zinc to the positive end of the thermoelcetrie s<‘ries of metals, but, 
according to W. Hankel, it is les.s [lositive than iron or antimony, and, according to 
B. Baehmetjeff, it is more positive* than indium. N. A. Hesc'hus found that when 
cadmium is warmed in a circuit of the metal, a ciirrc'nt Hows from tlx* warm to the 
cold part, and the e.m.f. is smaller with cadmium than with antimony, and larger 
than with zinc, silver, copjH*r, or brass. For the* cad mi urn- plat muni couple with the 
cold and hot junctions respectively at O ' and KKr', W. Jager and 11. lJie*cselliorst 
gave ()’85 millivolt ; J. Dewar and .1. A. Kh‘mmg, 01)2 millivolt ; K. Noll, O HM 
millivolt; W. H. Hk'ele, 0!K) millivolt; and E. Wagner, 0 !)2 millivolt K. Noll 
found the theriD06l6CtriC forC6, or the Se6b6Ck effect, of hard-drawn cadniiuni- 
viercury couple between 0"* and 1(J(1'^ to be .S75()9 millivolts, and with annealed 
cadmium, 859‘74 millivolts. W. II. Steele, and J. Dewar and .1. A Fleming found 
the thermo electric force of a cadmium-lcad couple with one junction at O' and the 
other at 6’ is, in GG.S. units: 


e , . . 100*2“ 01*2“ 8*1“ -4 0“ -:)4 0“ -86*2“ -128 8' -20.r0' 

E.m.f. . . . 48020 24(500 2220 -1180 -8.'>t50 -17 2 00 - gUeO -20040 


P. G. Tait found that with the eadmium-h‘ad couple, the thermoelectric force at d'" 
is 2‘03*fO’O424d, and the neutral point is —02''. P. W. Bridgman gave E- (12 0020 
-hOT6190®) X 10*^ volts for the St'ebeck effect witli cadmium and lead at atm. press. 
U. Borelius and F. Gimne.son measured the Thomson elh'ct between --17()' and 94". 


A. Heil measured the e.m.f. of a cadnmm-cupro-vickel couple and found for 0"-=-2.‘iO 
“f0’0117 volt. W. Jtiger and H. Diesselhorst found for the cadtmuni-coppvr couple, 
')-2'3 microvolts per degree between O ' and ; for the cadninun-non couple, 
-|-6'3 microvolts ; and for the ciulmiuni-coiu^lantin couple, 49 4 microvolts. P. Cermak 
also studied the last-named thermocouple ; and A. Abt, the thermoelectric force 
between cadmium and copper, or carbon. For the Seebeek effect w'lth a couple 
composed of one branch of uncompressed cadmium and the other of cadmium 
compressed to a press, p kgrms. per sq. cm., w ith the junctions at H", P. W. Bridgman 
found 


P 


2,000 

6,000 

12,000 


10* 

20^ 

40' 

60' 

80" 

UH)" 

+ 0*14 

0*42 

f 1*38 

2*82 

1 - 4*74 

+ 7*12 

0*88 

210 

5*48 

8*88 

1614 

21*16 

3*16 

6*68 

14*72 

23*92 

34*20 

46*66 


The effect is large and positive rising with temp, and press. The results are much 
affected by hysteresis, corresponding with an incomplete state of internal equilibrium. 
The Peltier effect^ that is, the heat produced by a current at the junction of copper 
and cadmium, in cals, per amphre-hour— ride magnesium— is —(4*62, according to 
H. Jahu, and - 0*46, according to E. P. le Roux ; and the latti^r gave — ()'45 millivolt 
for the Peltier e.m.f. ; H. Jahn gave —0*72 millivolt ; and E. Edlund, —016 
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millivolt. For the Peltier effect, <r, with cadmium and leatl, P. W. Bridgman 
gave <t=:<J'3238(^ 4-273) X 1U“^ volta jH‘r degree, and for the Peltier effect between 
compreajk‘d and uncompresseii cadmiiun, in joules per coulomb X : 


(C 

20* 

40* 

110* 

SO* 

UK>* 

^ 3-8 

4 10 0 

4-18 8 

f 28*0 

4 381 

f 48-6 

18-6 

41 0 

61 6 

80 7 

998 

118 

81 3 

108 

136 

162 

191 

221 


The <*rtect is positive and rises with and ]»ress. For the Thomson ofloot* 

e.vcess in coinjiresst'd over uncompressed cadmium, in joules ]>er coulomb piT degn^e 
X 10^, P. W, Bridgman found ; 


(t“ 20" 

I .4-16 4-36 

y 6,000 . . 109 94 

1 1 2, IKK) . 106 99 


40’ 

00’ 

Ml 

100 

f41 

4-37 

4 36 

-f46 

78 

70 

67 

68 

94 

90 

90 

93 


The effect is positive and rises with temp, at low press , but falls at high press. 
E. Wagner also made some observations on this sulijeet with press, uji to Mk) kgnns. 
pt‘r s<j cm. G. Morelius and F. Gunrieson found the 'Diomson idTeet in mierovolf^ 
per degree to be w H at ioti K . 7 1 at :U»t> K.jO X) at 1‘KJ ' K.,ou at IT)!! ’ K., and 
- tMio at 110 K. A. E. Caswell found for the coeff. of the Ifall effect S bO X 10 
at 12 ; and ll‘()7.\lo at P)'3'; for the coeff. of the Ettmgliaiisen effect, 
fi Oti lO ^ at ’tl 2 : for tlic coeff. of the Nernst effect, 0 at 301 ; and for the 
eo<*ff. of tlie Ledue efffi’t, 1'87 XlO " at 39*4'. 

W (» llorst h measured t!i<‘ jaib'iitialof tln‘ amalgamated and ordinary cadmium 
electrode m the combinations CdanwiKam CdClo, AgCl Ag, and Cd (klt’l^ d’damaiKam- 
E (’olien and co*vvorkers measured the effect of pujisure and ivmfwnUurv on tlic 
(|••etrode. The poUuitial of ea<lmmm against a<j. soln. of various ciulnnum sails 
has been mea.siired liy li Neumann, W. Nernst, U. Sliergiaml A. Donati, W. Ostwald, 
(J. Carrara and L. il .^gostini, K. 8treintz and O. StrolisclmeidtT, N. It. Oliar, 
N T .M \N ilsmore, F. M. G. John.son and N. M. Wilsmore, F, Feirster, (!. limner- 
walir, b, Kulilenberg, S. Labendzinsky, II. Euler, oU\- rule cadmium amalgam. 
Tli(‘ clL'ct of temp, on the difference of poUuitial between ciwlmium ami aij, soln. 
(if its salts was measured by E. Houty and A. Goekel, F. M. G. .lolinson and 
N. T. ,M. Wilsmore measured the potential of eadmiiiiu against soln, of cadmium 
nitrate m la/uu/ nminonui ; H. Luther, and G. Carrara and L. d’ Agostini, wutli soln 
of (‘adimum salts in mdhyl and vlhyl alcohols ; and L. Kahlenberg, wit h soln. of 
< a<lmium .salts in aq. p>/ridim\ It. Beutner, and F. Haber measured the. difference 
of potential with cadmium and its compressed solid salts ; and J. Brown, with fused 
cadmium chloride. 


(» Maananini laeasurrd the diffon*nco of i)otentiiil, in cenCivolts, of /,ine in a nornial 
soln of fiiilphnnc and against cndiniuia in a soln. eontamnig n inols of th<' following salU 
per litre, and found 36 6 centivolts ; n NaUH, 19-6 ; li-KOH, 16 6 ; in XuiSO., 

35 6 ; n-NajS,0„ 241 ; nKjNO,, 319; n-NaNO,. .32 3 ; Jn-K.CrO^, 42 8 ; -in-K 
611; J»-K,S()«. .34-7 ; In-(N}G),S()„ .371 ; 33 6 ; 0167n-l\,Ke('y,. «U 8; 

f»-K(’yS, 32-6; Jn-Sr(NO,)„ 38 3 ; iH-Ua(NO,),. 39 3 ; (in-KClOj, 39 9 ; 0 l67n-KHr(),, 
40 7 ; n-NH.C’l, 32 4 ; n-KF, 22 6 ; n-NaCl, 31-9; n-lvBr, 31 7 ; n-K(’l, 32 1 ; Jn-Na,S()„ 
28-7 ; soln. of bromine in sodium hydroxide, 41*6 ; n-lartarie atnd, 39’7 ; la-tartaric and, 
41-3 ; and |»-potassium sodium tartrate, 31 6 

Cadmium is strongly electropositive, and, a<:<'ordiag to J. C. Poggendorffd* it 
becomes less electropositive by amalgamation. Early observations on the n*Iation 
of cadmium to other metals are indicat'd in connection with zinc A. P. Laurie found 
cadmium to be electronegative towards zinc in contact with a soln, of sodium 
chloride,. J. Tafel, and J. Tafel and B. Emmert measured the differeni^* of jiof-ential 
of cadmium against platinum in sulphuric add; and J. C. Poggendorff measured 
the difference of potential of cadmium against bismuth, palla<lium, iron, mercury, 
and amalgamated cadmium in dil. sulphuric aci<I. A. P. Laurie measurwl the 
VOL. IV. 2 H 
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difference of potxmtiai of zinc against platinum in solo, of cadmium iodide and iodine ; 
J. Begnauld, of cadmium against carbon in soln. of potassium iodide and iodine ; 
and F. Streintz, of cadmium against zinc, and copper in soln. of cadmium nitrate ; 
of cadmium against magnesium, zinc, tin, cobalt, copper, silver, mercury, and 
bismuth in soln. of cadmium sulptuUe ; of cadmium against zinc, and copper in soln. 
of cadmium chloride. C. R. A. Wright and C. Thompson, and F. M. G. Johnson 
’and N. T. M. Wilsmore measured the difference of i»otential of cadmium against 
amalgamated zinc, magncHium, aluminium, co}>per, silver, mercury, and lead, in 
soln. of the nitrate, Hulphat<‘, (diloride, bromide, or iodide. L. Kahlenlierg measured 
the difference of potential of cwlmiurn against zinc, and silver in pyridine soln. of 
cadmium nitrate. E. F. Herroun. of cadmium in a soln. of cadmium sulphate or 
chloride against tin in a soln. of stannous chloride. 

Th(i boat of ionization of cadmium per valence is given by W. Ostwald as 
83(X) cals. ; H. Jahu gives 1(>12 Cats, for (jd' -ions. The transport numbers of 
cadmium ions have been mea.sured by K, Drueker, F. Kohlrau.scli, F. J. Wershoven, 
0. Grotrian, W, Hittijrf, J, W, MeBain, G. Kiimmel, V. Gordon, K, b*nz, G, Carrara, 
E. Rieger, B I). Hteele, etc. The? velocities Of the ions, V, liave been measured 
by F. Kolilruusch, and A. E. Garrett The velo( itie.s, V, in mm. per sec. of the 
cation of soln. containing n mols of cadmium sulphate per litre are ; 

n . . .0 1 004 0 02 001 0005 00026 

V ... . 0 023 0 029 0 026 0 O.’IO 0 045 0 061 

R. liCnz, W. Hampe, W. llittorf and K. J. Wershoven investigated the conductivity 
of alcoholic soln. W. P. Davey gave (Hlf) A. for the atomic radius of the cadmium 
ion in cadmium sulphide, and I'll A. in the oxide. The electrochemical equivalent 
corresjionils with the de}) 08 ition of 2'0M8() grms. of cadmium per arnjiere-hour. 

. The decomposition voltages of aij. soln. of many cadmium salts — sulphate, 
phosphate, cyanide, chloride, nitrati*, and comple.x salts -have been determined 
by many invi'stigators --M. le Blanc, H. Freiidcnhcrg, H. E. Patten and 
W. R. Mott, J. E. Root, (h (\)ff(‘tti and F. Forster, A. Brunner, A. {SchwcitziT, 
etc. C. a. (larrard investigated moltiui cadmium salt.s. P. A. Favre, and 11. Jahn 
compared the thiTmal and eleetrical energy required for the decom))Osition of 
these salts. The electrolytic solution pressure of cadmium in aq. soln. lias been 
investigated by C. R. A. Wright and C. Thompson,^^ F, Braun, W. Ostwald, 
B. Neumann, H. .lahn, 0. Sackur, G. Carrara and L. d’ Agostini, etc. TIk' constant 
works out at approximatidy 1(P atm. H, 0. Jones and A. W. Smith estimate the 
soln. prt'ss. of zine in alcohol to be approximat^dy 1()8 times smaller than in water. 
The overvoltage of hydrogen on cadmium eh»ctrodea in iV-H 2 S 04 is approximately 
0'48 volt. The subject lias been investigated by J. Tafel,^''* W. A. Casjiari, N. R. Dhar, 
E. Mil Her. A. Coeim and Y. Osaka, ete. The polarization of cadmium electrodes 
has been investigated by 11. Jahn, M. le Blanc, A. Coehn and Y. Osaka, 0. H. Weber, 
ete. J. S. van der Lingen studied the electrodeless discharge in cadmium va|)our. 

B. Pogany sought for the Faraday effect— the rotation of the [Jane of polarization 
in a magnetic field- with thin films of cadmium. According to H. Schonn, 
cadmium becomes passive in cont-act with platinum in nitric acid, of sp. gr. 1*47, 
but not in dil. nitric acid. U. Sborgi and P. Marchetti have studied the anodic 
behaviour of cadmium in a sat. soln. of lithium chloride in acetone. The electro* 
lytic valve-action of cadmium has been discussed by A. Gunther-Schulze,23 and 
W. Holtz in an. salt soln. 

The electric discharge between cadmium electrodes has been studied by 

C. E. Guy<‘ and A. Broii,** F. Miiller, A. Pospieloff, and C. A. Skinner. The jiotential 
gradient of the arc was investigateil by V. L. (Jirisler; the disintegration of 
cadmium electrodes by W. Crookes, G. Grandquist, and V. Kohlschiitter and 
R. Muller K. Honda found that the magnetic susceptihility of cadmium at 18° 
is —0*17 X 10~* units of mass, and at 700°, — O’ 15 x 10”® unite. 
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§ 6. The Chemical Properties of Zinc and Cadmium 

G. WillianiH ^ found that zinc can occlude ;1H tinic.s its vol, of hydrogen ; but 
A. Sieverts, J. Ha^'enacker, and W. Krumbhaar stag’d that no liydrogeii is dissolved 
by molten zinc ; and G. Nimtnann and F. Streintz, that electrolytic zinc occludes 
but traces of hydrogen. W. Heald found zinc and cadmium film.s do absorb some 
hydrogen ga.s. A, Fowler and H. Fayn obtained spectral indication.^ which could 
be interpreted by the assumption that cadmium hfdridc is formed. B. Delachanal 
found that when KKi grms. of ordinary zin<; are heated in an evacuated porcelain 
tube, the occluded gas contains IH l.^) c.c. of hydrogen, I'fFi c.c. of carbon monoxide, 
and O fiO c.c, of carbon dioxide. M. Guichaid noted that zinc after five sublimations 
under reduced prt‘ss. gives off 2 c.c. of oicluded gas ]>er lOO grins, of metal ; and the 
occluded gas in cadmium, which has been jiurified by repeated sublimation, has 
a va[). press of approximati'ly O Ol mm. H. Pauli stated that the sp. gr. of zinc 
may fall from 6 52 to .‘1 5 owing to the ocrlu.sion of gas C. A Skinner obtained 
hydrogen by using freshly fiolished zinc as cathode in the helium discharge tube, 
and nitrogen, bv using it in an evaciiate<l di.scharge tube. 

li. N. Vau(inelin ht-Iieved that ho had prepared cine hydmb. or zincurdlni hydrogen hy 
igniting /ino hhaide with oni'-fourth of its wt. of charcoal, ile ulao dcKoribed the properties 
of the BuppoMed compound, e.g. it waa smd to ho lighter than uir, and heavuT than hydrogen ; 
to bnni in air with a yellowish-whito flamo ]jrodueing zinc oxide, mul a Minall rpiantity of 
niotnllie /me ; and to expk»de when imxetl with ehlormeand igmled to ])rodue(' /.me chloride 
and hydrogen < hlori<le. It was furtlu'r stated that it is not deeom|)osed liv mtne acid, or 
by easily reduced metallic suits. It is not nksorbed by water, and thx's not e<»mbine with 
tho bases. K. W. von Sieiiions and J. (.}. Jlalske, and A. K. J.oeds believed in the exHteneo 
of a gaseous zme liMlride ; the latter regardeil tho bluo colour of tin' flame of hydrogen 
ob^nod from /.me as m idt'iieo of the cxi.stenee of a gaseous zinc hydride. K. L Kuhland 
Iwlievod that h<> had ohlatnod a solid ziiie hydride hy tho eleefrol>sis of /.me amalgam, 
t'. A. Cameron denied that luiy gaseous zino hydride is formed during the action of dil. 
acids on zinc, or tlu' action of hydrogen sulphide on zinc amalgam. F. I’aneth and co- 
workers observed no sign of tho formation of zinc hytlride by tho action of activated hydrogen. 

Aeeortling to F. Fischer and G. lliovit'i, the (‘leetric sparking of cadmium under 
litpiid argon produce.s n voluminous olive-green powder, which forms cadmium 
oxide when caleiiied’ in air; the powder is insoluble in waU*r, soluble in cold dil. 
hydroehlorie, phosphoric, or acetic acid ; and it is thought to be a nitride. According 
to 0. Saekur, tho catalytic activity of the following metals on the combustion of 
hydrogen decreases in tho order Ag, Pt, Cu, Pb, Zn, Ni, Sn, Fe, Or, and their pronenesa 
to assume the passive state increases in the same order. 

P. A. von Bonsdorff ® and M. Traube proved that zinc or cadmium remains bright 
in dry oxygen, or in dry air at ordinary temp., but if moisture bo jiresent, the 
hydroxide is formed, aud if the air contains carbon dioxide as well, some basic 
carbonate is produced as a compact tenacious grey film which impedes the oxidation 
of the subjacent metal, and is thus unlike iron rust, which accelerates the oxidation 
of the subjacent metal. F. Stromeyer also stated that cadmium is tarnished by 
exposure to moist air, but if the air be free from carbon dioxide, the metal is not 
attacked. W. W. Cohlcntz found a polished cadmium plate was rendered matt 
by two days’ exposure to air. When the surface of molten zinc is exposed to the air, 
it is sjieedily covered by a grey film, which is renewed as fast as it is removed, so that 
by repeated stirring the wdiolc may be converted into a grey powder — vide infra 
zino suboxide. According to J. F. Daniell, zinc takes fire in air at about 505°, and 
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it buniB with a bluish-white flame, forming tine oxuie, tj.v. 0. Ohmann found rino 
wool burns with a very brilliant flame when lighted with a Buustm’s burner. 
F. Stroineyer also not4Hl that ctadmium readily burns when heated in air, and 
W. Manchot detected the formation of some cadmium perxixide in the products of 
the reaction. J. Kothe and F. W. Hinriclmm found that moist air has no j^k'rt'ep- 
tible action on cast zinc after 0 hrs.’ exposure, and a slight liim ajipears after 8 hrs.' 
exi)08ure. Moist air containing fi per cent, of carbon dioxide, by vol., exerts no 
peneptible action in G hrs., but after *24 hrs. a white film is visible ; the ai'tion is 
rather more pronounced if a greater proportion of carlion dioxide is prt*sent. If the 
air eontains sulphur dioxide in place of carbon dioxide, the attack is faster, and it 
can be detected after half an hour s exposure of sine to moist nir with r> vol. per 
«ent. of sulphur dioxide. E. Jordis and W. Koseiihaupt observed that the action 
of oxygen on zinc biggins about 18(>^ ; and btdow moist oxygen in'ts iiioixi 
slowly, and above 200'^ more rapidly than the dried gas ; at 3(H)'' the. oxidation is 
twice as rapid with moist oxygen as it is with the dry gas, and the differeiu'c becomoa 
leas marked as the temp, rises. The effects are due not to the reaction itself, but 
rather to a kind of surface film w'hieh is developed. At a temp, below 
o.vidalioii virtually ceases in dry oxygen as soon as the surfinv film is formed, while 
above I.V)', the reaction continues. An oxidizable surfm-c may be tlie result of 
(u) the solii. of o.xygen in the metal ; (6) the diffusion of the oxygen through the 
layer of f»xide which may dissolve the oxygen or la* merely porous to it ; (r) the 
alternate formation of low and high oxides; or {d) the layer of ttxide sealing off from 
the metal. 1‘. S<'hwallK^ studied the eombustiou of zinc m eomjire.nsed oxygen and 
compressed air. N. B. Pilling and K. E. lh?dw'orth found that at 1(H)'', zinc oxidizes 
slowly in dry o.xygen forming a milk-white film of oxide. (J. Tammann and 
\V. Kosh'r .stmlied tlie speed of formation of films on zinc and l admiimi in heated 
air or oxygen. 

Zinc dust can inflame in moist air owing U) rapid oxidation. W. Manchot 
found that the bmip at whic'h air and OZOOeact on zmcoreadrnnim are close together, 
but ozone acts more energetically Kngler and W. Wild found that ch‘an and moist 
zinc filings react withozone, forming a palei'loud of zineoxule. {j.(!.{!H!hmidt examined 
tlie ai tion of « anal ra\s on gases in the presence of zinc, etc. According to 
.1. Priestley, A von Humboldt, J. W. Hitter, W. Wilson, and J. (J. L. liemhold, 
zinc i.s more rapidly attacked if it be in contact with « jnee** of co))])er. M. Miiller 
ulsi) noted that zinc tubes in contact with a cop]K*r roof wen* rapidly corroded. 

F. Mylius and R. Funk observed a peculiar corrosion of zinc anodes during the 
electrolysis of soln. of zinc sulphate ; and J. H. Aberson found that zinc is gradually 
dissolved from brass. According to P. A. von Bonsiiorff, if two metals are jilacxju, 
not in contact w ith one another, under a bell-jar conUiuing air, and closctd at the 
bottom with a water-seal, the more oxidizablc metal is alone liedewed, and there- 
fore oxidized ; for example, arsenic or lead jilaicd in a moist atm. near copper 
or silver. Again, if a piece of lead be plac<*d under the receiver near a pieC/C 
of zinc, the last-named metal remains bright while the lea<l is tarnished. The 
contrary effect is produced if the metals are in eontact—thus, if copper is placed in 
contact with silver, the moisture condenw'S only on the surface of the last-named 
metal- -ind£ sacrificial metals — 1. 16, 3. 

M. Pettenkofer and A. Bolzano studied the corrosive, action of atrn. air 
on zinc. The former found that a zinc roof in Miinchen oxidized 8 381 grins, 
per sq. ft. (Bavarian) in 27 years — the film of oxide was about 01 mm. thick, 
and had the composition 5ZnO.4CO2.8H2O. G. T. Moody suspended strips 
of thin sheet zinc in a muslin bag under the shelter of a north wall, and 
exposed to the full effects of the atin. for 6 months ; the semi-crystalline scale 
which was formed had a composition agreeing closely with ZnC03.3Zn(0H)2. 

G. T, Moody regards this as evidence that the atm. corrosion of zinc is not due to 
the direct oxidation of the metal, but to an interaction with carbonic acid. 
W. R. Dunstan regarded the atm. oxidation of zinc as a complex process in which 
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«0 shown by .Bl Traube, W. Smith, and H. T. Barnes and G. W. Shearer, hydrogen 
Mroxide is formed as an intermediate product— "Zn-}-O 24 ' 2 H 20 ~Zn(OH) 2 +H 2 O 2 , 
followed by Zn-f-H202—Zn(0H)2— which can Ijc d(5tccted during the process of 
oxidation. W. Merckens arranged the metals in the order : Mg, AJ, Zn, Cd, Ni, 
Co, Pb, according to their |)ower of forming hydrogen peroxide during their oxida> 
tion. Any reagent which prevents the formation of hydrogen peroxide prevents 
the oxidation of the zinc. Any carbonate which may l)e present in the rust is a 
secondary effect due to the action of carbon dioxide on the zinc hydroxide. 

G. T. Moody found that commercial hydrofi^en peroxide rapidly transforms zinc 
into the hydroxide while 3(J per cent, hydrogen peroxyie has scarcely any action 
on the metal. W. 1(. Hodgkinson and A. H. Coote nott'd that an ammoniacal soln. 
of hydrogen peroxide rapidly dissolve's zinc. 

According to J. J, Berzelius, and W. van Rijn, when zinc filings arc moistened 
with water and exposed to the air, tb(!y acquire a dark colour, increase in vol., and 
hydrogen gas is evolved with a visible efiervescence, while a grey oxide is formed. 
Zinc submerged in water in contact with air freed from carbon dioxide is soon 
covered by a film of oxide. F. Htromeyer rerimrked that cadmium does not decom- 
]) 08 e water at ordinary temp, ; and P. A. von Bonsdorflt found that cadmium 
beex)me8 (iovered with hydrated oxide when iintm'rsed in water exposed to air free 
from carbon dioxide, but if th<‘ latter gas be prest'nt, the deposit contains some 
carbonari. According to P. A. von Bonsdorf! and P. H. Boutigny, zinc does not 
attack purified wati^r at ordinary ti'inp. ; and the metal together with water, freed 
from air by Imiling, may bo sealed up in a glass tube and kept for a year without 
any diminution in the brightness of the metal. C. F. Schdnbem show'ed that 
hydrogen pi'roxidc is formed when zinc, cadmium, lead, or copper is m ( ontact 
with wattT and air. M. T, Mengarini found that when in contact with distilled water, 
zinc gradually yielded a eolloidal soln. of zinc or zinc oxide or hydroxide, which 
can be detected by the ultramicroscope. J. Davy stat<‘d that zinc doe.s not decom- 
pose boiling purified water even if the zinc be in contact with coi)p('r, but if the 
water contains a salt in soln., reaction does occur. On the contrary, J. J. Berzelius, 
J. Thomsen, J. P. Cooke and W. Smith maintaiiu'd that boiling waWr is decom- 
posed by zinc ; and J. Percy found that commercial sheet zinc is slowly de( om]) 08 ed 
by water just below 1(X)" and from which air had previously been expelled by boiling ; 
the evolution of hydrogen decreased after one or two hrs. The contradictions are 
duo to inattention to the degree of purity of the zinc. L. THote showed that highly 
purified zinc does not give hydrogen when boiled for a long time with w'ater, but 
if 0 03 to 0 05 per cent, of iron or a trace of arsenic or antimony is present, zinc does 
decompose boiling water. B. Roux also showed that the influence of water on 
zinc is dependent on the nature of the water. When the metal is boiled with water 
in glass vessels, the alkali dissolved from the glass was shown by H. E. Davies to 
have an important influence on the results. L, B. G. de Morveau noted that rain- 
water does not attack zinc while spring-watt'r does so, and numerous eases have 
been reported— by C. W. Heaton, F. iJehwarz, T. Sti'venson, T. L. Phipson.H. Struve, 
P. A. E. Richards, P. F Frankland, M. E. Chevreul, 0. Krug and M. Rautert, 

H. Fleck, H. W. Bettink and J. van Eyk, A. Wagner, J. Nessler, A. Briining, M. Ter- 
gast, E. Hylius, F. Hundeshagen, J. L. Howe and J. L. Morrison, C. H. Ehrenfeld, 
etc.— where water which has passed through zinc pipes, or galvanized iron pipes, or 
been stored in zinc-lined tanks, is contaminated with a soluble compound oi zinc. 
H. E. Davies found that waU'r which had passed through a considerable length of 
galvanized iron-pq)e contained 1’7 parts of zinc per 1(X),(XX) parts of water ; 
0. W. Heaton, 6 41 grains pr gallon ; and F. P. Venable, 4*48 grains per gallon. 
A. Smetham mentioned a boiler deposit with 44 per c-ent. of zinc oxide. According 
to A. Siersoh, zinc dissolves rapidly in soln. of alkali chlorides and sulphates ; 
0. Aschan found that sea-water attacks zinc more rapidly than purified water, and 
F. 0. Calvert and R. Johnson found that in one month 100 litres of sea- water dissolved 
5*66 grins, per sq, metre of zinc, or 1*12 grma. per sq. metre of galvanized iron. 
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A. J. C. Snyders reported tliat hard well waters do not act on tine, but soft- waters 
and rain-water containing aiunioriium salts do act on that metal. The solubility 
of one in natural waters is said to depend on the jtroportion which exists betw«H*n 
the carbonates and phosphates, and the chlorides, sulphates, and nitraU‘S. the most 
injurious salts of the latter class being the aiutnoniuin salts, then the chlorides of 
the alkaline earths, and the chlorides and sulphates of the alkalis. A. J. t'. Snyders 
further stated that rinc decomjjoses saline soln , whether cone, or dd. without 
aircess of oxygen, evolving hydrogen and forming sine oxide. From his experi- 
ments on the action of water and saline soln. on zinc. X. Koeques (included that 
tine is attacked very slowly by ordinary waU*r aiul saline soln. in general, i.<\ con- 
taining chlorides and bi-carbonates. If several metals are ]iresi‘nt the action is 
much more rapid. The maximum effect occurs in presence of oxygen. This is 
particularly the case at the surface of the reservoir whert‘ the metal w in contact 
with air and water by turns. 11. E. Davies concluded that all kiinis of water attack 
zinc in the jm'sence of air, and that ram-water exiTts least act ion ; a moderate 
degree of hardness favours the action, while cxtr<*me hardness do<*s not ]»n‘vent 
the action. When the metal is covered by a film of t|i** liydroxi<le, the action doi's 
not ceasi*, although it^ s]»eed is much n‘<luccd. When wator containing zinc 
compounds is drunk, zint' is afb‘rwardH found m all tin* visrera. 

\\\ Smith, and X. Rocijues noted that the prewnce of animunia or nitrogenous 
organic matter in water accehTates the attiK'k. 0. 1*. Walts and N D. Whipple 
studied the corrosion of ca<lmium> zinc, and zinc amalgam by hydrochloric, nitric, 
chromic, suljihunc, ]»erchloric, phosphoric, and acetic acids ; by sodium hydroxide 
soln : and by soln. of hydrogen peroxide ; sodium iiitrit<‘ and arsenate ; ferric 
sul]»hate and chloride ; jiot^issiuiu chlorate, dicliromatc, )»<‘rinanganat(*, nitrate, 
bromide, and iodide ; and by mercuric chloride. They added that amalgamation 
jiroteots zinc from acul.s because the discharge pubrntiai of hv(lrog«*n on inenmry 
exceeds that on zinc. A, J. Hale and H. *S. Fost(‘r examined the action of nitric, 
sulphuric, and hydrochloric acids ; aq. ammonia ; sodium hydroxide, chloride, and 
carlxmate , and inagiK'sium and calcium chlorides on zinc. According to L. Hanti, 
A. Bringhcnti, A. W’ugm*r, and A. J. (A Snyders. zm<‘ also dissolves in a soln. of 
ftniinoniam chloride. M .Miiller found that the reaction is fasb'r if air Is* pnMsent. 
According to H. Hitthausmi, a dd. or cone. soln. of piinfiiHi ammonium chloride is 
not jierccptibly decomposi'd by zm<- either at ordinary t<*mp. or when warmed, but 
if some cupric chloride or an acid or alkali is jirescnt, the soln. is decompowsd. 
A. Jlringhenti found the reaction with a soln. of ammonium fluotide to be very 
vigorous. J. B, Davies, and J. E. Ixiriii, also showed that soln. of ammonium salts 
favour the dissolution of zinc, WA Smith, and A. J. Hale and 11. 8. Fosb'r obstTVed 
that a soln. of sodium chloride dissolves zme, A. Bierscli found that hydrogen is 
evolved, and a soln. of sodium zinc chlorkh* and a deposit of zinc oxide formed. 
A. Krefting exposc'd a mixture of sodium chloride and zinc filings to moist air and 
obtained a mixture of zinc hydroxide with basic chloride and carbonate. C. H. Crowe 
studied the action of the chlorides, sulphates, and nitraU'sof jmtassmm, sodium, and 
magnesium and found that while zinc was attacke<i by the nitrates and sulphatoii, 
it was scarcely affected by the chlorides. A. Vogel staW that when zim or cadmium, 
under water containing r^^th part of potasnum hydroxide, is expow’d to air, the metal 
turns grey, and forms shining lamina* of zinc carlxinate, but no zinc dissolves in the 
water. A. Langlois also studied this reaction. Asshown by A. Langlois, A. J. Hale and 
H. S. Foster, A. Vogel, A. Destrem, L. de Boisbaudrao, J. A. Foumarftdc, 0. Bischof, 
and J. M. F. de Lassonc, zinc dissolves slowly in soln, of the alkali hydroxides liWrating 
hydrogen, and forming a soluble alkali zinc/ate ; the presence of the more electro- 
negative metals accelerates the jiroeess of dissolution, thus F. F. Kunge found the 
speed of soln. is greater when the zinc is in conta< t with platinum, and still more so 
when in contact with iron. According to A. J. C. Snyders, the greater solvent 
action of saline water is due to the increased solubility of the zinc oxide in the 
liquid. Thus, C. Biatignon and G. Desplantes stated that the oxidation of cadmium 
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or zinc by water in the presence of oxygen i« not acccleraU'd appreciably by ammonia, 
but that the presimce of ammonia favours the reaction by dissolving the product 
of the oxidation, Jt, Ihle found that zinc is rapidly oxidized in aerated water or 
salt Boln., and that the reaction is retarded by hydroxides, carbonates, ])ho8phates, 
borates, and nitrites, but accelerated by chlorides, broniides, chlorates, nitrates, 
8Ulphat<*H, ete. According to H. V. Regnault, when wate'r va]>our is pa8s*.*d over 
zinc at a dull red heat, hydrogen gas is liberated, and small crystals of oxide 
are deposited on the metal. H. St. C. Deville also studied the reaction : 
Eu'f-2Hi.O^Zn(OH)24-lI.^. H. V. Regnault found that cadmium acts in a similar 
manner. 

Zinc unites energ(‘tically with most of the metalloids ; and the properties of 
cadmium closely resemble thowi of zinc, but the chemical energy of cadmium is 
the smaller. For example, the thermal values of the reactions with zinc are usually 
greateir than tliose with cadmium ; and zinc will j)reci}>itate cadmium from soln, 
of its salts, and this property has Ix^en utdized in separating the two mt*tals- vide 
cadmium. According to H. Moissan,^ fluorine reacts with warm powdered zinc 
with incandescence. According to H. Davy, zinc-foil at ordinary temp, inliames in 
ohlorino ; and T. Andrews stated that although zinc combines energetically with 
moist chlorine, “ perfectly dry chlorine has lUMu tion whatever at ordinary temp., 

. . . and the. same remark Hp]dies to tlie action of dry bromine m contact with 
the dry inetals. R. ('owper also found that neither tlu“ dry gas nor li<iiiid chlorine 
attacks zinc or cadmium at ordinary temp, (j, Ldwig found that zinc does not 
combine, with bromine even when the bromine js drojiped on (he heated metal, 
although .). H, Rertlieniot noted that the two ehmionts react at a n-d heat. 
A. J. Rahird found that zinc r«‘adily dissolves in brondne water ; J. L. (lav Lussac 
found that iodino and zinc readily combine w'lth the evolution of a small amount 
of heat. The heat of the reaction betwe(‘n the halogens and zinc is greater, the 
smaller the at. wt. of the halogen A, Schukarelf represented the. speeds of the 
reactions^ between an aq. soln. and one of the halogt'ii.s and zinc by the formula 
log {Cjiy)~kly where C and V/ represent cone., and t the time, the (|uantitiea 
of halogen reacting during a given time in equally cone. soln. on equal surfaces 
of the metal an* (‘qual ; or, in other words, the ipiantities of metal reacting in a 
given time at equal or eijuivalent cone, an* proportional to the at wt. of the metal, 
and inversely proportional to its valency in tlu* conqiound formed, (t. Taiimiann 
and W. Roster studied the formation of tilms on zinc exposed to chlorine or bromine 
mixed with air. G. Tammunn studied the character of the film produced w’hen 
zinc or cadmium is exposed to the vapour of iodine at ordinary temp. 

The gaseous hydlOK 611 halides and their aep soln. readily attack zinc with the 
evolution of hydrogen, and the formation of the corresponding zinc lialide, 
N. N. Beketoff * found that when dry eadmium is heated in an atm. of dry hydrogen 
chloride at 440"', about 98 per cent, of the gas is decomposed : Cd j- 2 H(’I;F^CdCl 2 -f-H 2 . 
From the time of (\ F. Wenzers study of the kinetics of that class of lictcrogeneous 
reactions represented by the dissolution of zinc in various acids, m 1777, a great 
deal of the work has been done with this metal. The subject has been investigated 
by r. Ericson-Auri^ii and W. Palmaer, A. J. Hale and H. S. Foster, E. Brunner, 
etc. These reactions are more sensitive to disturbing iiifiuenees than those which 
take place in homogeneous systeuns. As shown by F. C. Calvert and R. Johnson, 
the speed of the reaction is inrtuenced by variations in the rugosity of the surface 
of the dissolving metal : they stated that 

Cubes, which had been made of the same zinc but at different times, were acted upon 
more or less by the same acid when placed under the same circumstances ; and these 
observations gradually led us to the discovery of a curious fact, viz., that a perfectly clean 
Rurf^ of zinc w'ill become after a few days sufficiently oxidized by contact with air to 
modify in a very marked degree the action of sulphuric acid upon it. Thus, if a cube of 
zinc recently filed is placed in sulphuric acid diluted with nine equivalents of water, the 
notion may be considered as nil ; whilst if the same cube bo gently heated in contact with 
air and allowed to cool, and be then placed in the same strength of acid, the attack is marketi. 
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Hence, the rouglmetu of the surface and not oxidation ia the mn aw^a of the 
iner»*aik‘d velocity, for superficial oxidation could not exert more than a momentary 
influcnw owing to the solubility of the oxide in the acid. The speed of the ai'tion 
is alwj njodihed by the local rise of temp, due to chemical a<*tion, by the rate of 
diffusion of the ]>roduet8 of the reaction in the acid liquid ; by the dismigagemcnt 
of gas-bubbles from the surface of the metal ; by the impurities associab'd with 
the metal ; and, as showui by (i. Tammann, W. Nernst, and K. Kun.schert, 
E. Brunner. et<’., bv the differtuice of jHitential Ijetween the metal and the aiud ; 
and by the coudiutivity of the soln. K. Jabiczyn.skv concluded that the velocity 
of dissolution of a solul wjth a jn'rfectly smooth surface inert'as^'s jiroportuinally 
with the tH'liicity of shrrnuu anti if the .surfa<’(‘ of the solid is not smooth, the mcn‘as(> 
of the veloeitv constant is slower than the increase of the vel<H'ity of stirring, and 
the more so the rougher the surface. H J. Prins found the rat-i' dis.solntmn of 
zme in manv acids is accelerated by the prt'smice of nitrobenzene, or benzaldehyde ; 
and Sicverts and P. liUeg, that the pn*sence of a trace of nicotine, (juinine, or 
of a- or /j-naphtho(iuinoline gn'atly n‘tarded the activity of hydrochlorii- acid. 

Highly purified zinc was shown by A. A. de la Kiv«‘ to l>e scarcely affected by the 
.icid. The most rapid action oc curred when eommercial zinc was tn*ated with alxiut 
:i(l ]>er cent, sulphuric aeul. He added known cjuantities of tin. lead. c<»ppcr, and 
iron, respectively, to moltcui redistilled zinc, and found that the rates of action of 
the products with sulphuric acid soln w'crc greater than the rate (»f ac'.tion of re- 
distilled zinc Finally, he proved that the soln of sulphuric acid which showed 
ma.ximuiu cle(“trical conduct ivity interacted most rapidly with commercial zinc, 
and with redistilled zme to which a few per cent, of iron had been added. He 
»-on( luded that the inbTaction hetwM'eii pure zinc and dil. sulphuric acid is j)rol)ably 
a direct elicmical change, hut that with ordinary commercial zinc the ac'tion is 
chiefly cleetrochenucal. M. Faraday also ]troved that a ])lafe of amalgamat-ed 
zinc remained um hanged in suljdmnc acid, to which parts of water luid Ix'.pn 
add<*d, while a .similar ])latc in the same acid, an<l in contax’t with a platinum jilaU*, 
was rajtidly dis.solvcd X A. E Millon a<ldcd that the more pure the zinc, th<‘ 
slower the a<‘tion of tlic a<’id, hut the purified metal reatlily dissolves if it be in 
contact with }ilatinum or some other electronegative metal. In illustration, with 
-normal hvdro< hlonc acid .‘Iff c c. of gas were evolved by the dissolution of zinc 
for .‘VKl minutes under conditions where 7H c c. were evolved when the zinc was in 
contmt with jilatinum In (J<K> minutes the numbers were n'sjicctively 084 c.c. 
and lo3*3 c.c H (\ Reynolds and W. Ramsay found liighly purified zinc, to Iw 
iK-arly unacted upon by hydrochloric or sulphuric acid. Hence, the reaction 
Ix'twTen zinc and dil. sulphuric acid is j^robably electrolytic, and depfuident on the 
formation of local galvanic coujilcs on the surface of the dissolving metal. It haa 
therefore lieen inferred that pure zinc is insoluble in pure acid, and that if a third 
sub.stancc be present in metal or a<'id, dissolution takes pla<’e by the formation of 
an electrical circuit. J*urified cadmium behaves similarly. The revermi d(‘/:strolyKiK 
theory of chemical ai'tion developed by 11. FI Armstrong assumes that two sub- 
stances will react only in the presence of certain iinpurith’s ; pure substances do 
not interact. Before chemical action can occur, a conducting system must be 
cstablwhcd between the two interacting substances and the third cxnnponent. 
J. M. Weercii believed that the resistance offcn‘d by purified eadmium or zinc to 
the acid i.s due to the immediate formation of a film of hydrogen whieh shields the 
metal from the acid. J. C. d'AJmeida, and F. Pallinger observc’d tliat the hydrogen 
is liberated from the impurities in metallic zinc when the acid has free access to the 
metal. A. Coehn and W. Caspar! stated that the resistaneo which purified zinc 
offers to attack by acids depends on the high overvoltage of hydrogen and zinc, 
which is lowered from 0’70 volt to 0'23 volt when the zinc ia in contact with cop|)er, 
and to 0 15 volt w'hen the zinc is in contact with silver, and the zinc then readily 
di-ssolves. C. Diising also found zinc with 3-15 |Mjr c^ent. of iron is very resistant, 
and this alloy has therefore b<ien recommended as anode in the electrolysis of soln. 
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of sme 8Alt0. P. Novak found that by raising the proportion of cadmium in piumbi- 
(erous ainc, the velocity of attack is reduced, and the period of induction is extended. 

W. Spring and E. van Aubel measured the speed of dissolution of zinc in sulphuric 
acid, hjdroi&oric hydrolvomio add, and hydriodio add. They found that 
the rate of dissolution is proportional U) the cone, of the acid. F. Zecchini also 
found that the velocity of the reaction is approximately the same with Y^jjAT-soln. 
of hydrochloric and sulphuric acids at ordinary temp., and that the speed of attack 
increases proj>ortionally with the cone, of the acid but faster with hydrochloric 
than with sulphuric acid. Divers and T. Shimidzu concluded from their 
observations on the rate of diasolution of zinc in sulphuric and nitric acids that 
other circumstances being ecjual the time taken to neutfalize a given quantity of 
acid, or to cornph'te some other chemical action upon it, is directly proportional 
to the dilution of the acid, and inversely as the area of contact between the metal 
and the soln. It is independent of the quantity of the acid. W. Ostwald observed 
that the relative affinity of hydrochloric and sulphuric acids on zinc, increases as 
the cone, decreases. According to W. Spring and E. van Aubel, the effect of 
teMperalure on the speed of dissolution of zinc in hydrochloric acid is shown by a 
curve asymptotic to the tem]). axis, and that the isothermal curves for 5, 10, and 
15 })(5r cent, hydrochloric acid, at 15®, 36°, and 65°, all converge to zero, corre- 
sponding with —60® to —70°. T. Ericson-Auren found that with very dil. acids, 
the s])eed of dissolution is scarcely affeck'd by the temp. F. Zecchini found the 
effect of temp, is less with hydrochloric acid than with sulphuric acid ; a rise from 
10° to 60° raises the velocity with 01 to 0'5iV-H2S04 by F)() to 150 per cent. 
L. P. Cailletet, M. Berthelot, J. Babinet and P. A. Favre, and J. W. Gunning noted 
the decrease in tlie solubility of zinc in a(uds under prmure--ind^ 1. 7, 5. W. Hankel 
studied the electrical phenwnena associakd with the action of acids on zinc ; and 
G. Berndb found that the rate of dissolution of zinc in hydrochloric acid is not 
inffuenced by a nuujuHic. field. Owing to differences in the <*r}’stalliue structure' 
of the metal, rolled zinc is more readily attacked by dil. acids than is cast zinc, 
and P. A. Holley maintained that zinc cast at a low temp, is much more rapidly 
attacked by acids than when the metal is cast at a red heat. The Kubject has been 
investigated by M. Barrett, K. Begemann, and C. F. Rammelsbcrg. 

E. J. Mills and W. J. Mackey noted the pervxi of induction in the dissolution of 
metals in acids -tide 1. 7, 4. M. Centnerszwer assumed that the ]>eriod of induction 
with zinc is due to the metal passing from a passive to an active state— I'w/c passive 
zinc. W. Sjiring and E. van Aubel divided the reaction into throe stages : The 
first is a period of induction which they suppose to be abnormal, and is dependent 
on the production of an indefinitely large number of minuk* galvanic couples on 
the surface of the metal ; in the second stage the activity attains its maximum 
value ; and in the third stage, this activity decreases as the cone, of the acid is 
diminisheil. A. J. J. van de Velde found that for all cone, of hydrochloric acid, the ’ 
period of induction with hydrochloric acid is longer than with sulphuric acid, and 
with the lattet it is longer than with nitric acid ; he also found that the period of 
induction is abbreviated m the presence of cupric salts ; and that the activity of 
the acid is proportional to the cone, of the hydrogen ions. A. Merget showed that 
zinc on which any metal of the last three groups of Mendeleeff’s table has been 
deposited is attacked by nitric acid only on the uncovered portions, while, on the 
contrary, sulphurii', hydrochloric, or acetic acid attacks only the covered portions. 
0. Gourdon found that zinc partly covered with a thin layer of precipitated 
platinum is attacked and dissolved by sulphuric acid dil, with 7000 times its 
vol. of wakr. With gold it is attacked by an acid dil. with 6000 ])art8 of water ; 
copper requires an acid dil. with 4000 vols., silver 3500 vols., tin 1500 vols., 
antimony 700 vols., bismuth 5(X) vols., and lead 400 vols. The action is 
irregular with mercury, the spot gradually enlarging, and the zinc being 
dissolved only at the edges of the spot. The arsenites, arsenates, and anti- 
mouak's also give spots which promote the soln. of the zinc, but the action is less 



me im cADMnm 


47 ^ 


-eoeigetic. Depotuts of cobalt, nickel, and iron, on the contrar}% are comparable 
with thoM of platinum in their action. Meed cobalt caueea the diMolution of the 
xinc by sulphuric acid dU. with 10,000 tiiuea its vol. of water. Salts of Uie same 
base, but with different aekU. yield deposits which do not behavt* in the same way. 
the chlorides giv^ deposits which are more active than those productni by the 
sulphates, which in their turn excel those of the corresj^onding nitrates. Moreover, 
salts rendered slightly alkaline by the addition of ammonia give a more active 
* deposit than the salts themselves ; ferrous sulphate, for instance, produec<l no 
deposit by itself, but on adding ammonia a very active one is formed. iSinc thus 
covered with a metallic deposit is also readily attacked by alkalis. 

According to F. Zccchjfii, the addition of xinc sulpliate lowers the raU' of the 
attack on xinc by sulphuric acid, and the addition of zinc chloride to hydrocldoric 
acid at first decn'ases and then iuen^aaes the s|>oed of attack. J. Ball studied the 
effect of soluble sulphates on the sjK‘ed of attack by sulphuric ai id, and of soluble 
( hlorides on the sjhmxI of attack by hydiwhloric acid. The relative maximum 
velocities with sulphates and sulphuric acid with the velo<‘ity without any addition, 
taken as unity, are : 

Mg At Cr Mn Fe Ag Co Cu M 
SwJphatcH . 0-98 1-02 1 86 206 2*34 0 36 1809 217 37-87 

Here, the effects with the first two are within the limits of experimental errtir, and 
thes<) salts may be n‘gardetl as liaving no influence. The other salts accelerab* the 
attac’k. Similarly wdth chlorides and hydr<K'hloric acid : 

Mn IM) So On Co Au Pt Nl 

Chlorides 1 62 3 ir> 6-07 10-96 3068 38-90 42 19 45*48 

This subject has also lieen studied l>y F. 8 elmi, who found that tlic reaction b<‘twcen 
zinc and sulphuric acid is accelerated by small additions of manganew*. magnesium, 
or iron sulphab', but not much affected by alkali or aluminium sulphate. (J. Lunge 
ol)S<‘rvcd that the activity of hydrocliloric or sulphuric a< i(l is lessened by admixtim? 
with gum, glycerol, or lainjiblack. F. Zecchini found that a soln. of hydrogen 
I'hlnride in methyl, ethyl, or amyl alcohol, in acetone, or in aij. ai-etone nttsi-ks 
zinc, and tlu* action of the ethereal soln., is most vigorous in spite of the insignificant 
ionization of the acid in soln. L. Kahlenbcrg, and H. K. Patten liave studied the 
action of soln. of hydrogen chloride in benzene, and found a slow reaction which is 
accelerated by the addition of a little water. W, G. Falk and 0, K. Waters found 
that a zinc- ro<l wound with platinum is attacked by a soln. of hydrogen chloride 
ill benzene, more slowly than a rod of purified zinc. H. E. Patten found the metal 
—zinc or cadmium —is only slightly attacked by a soln. of hydrogen chloride in 
chloroform, or arsenic trichloride, or carlmn tetrachloridi* ; but a marked corrosion 
occurs in iKmzene soln. L. Kahlenbcrg and II. Si'hlundt found a soln, of hydroge|i 
chloride in liquid hydrogen cyanide attacks zinc. 

The action of zinc on soln. of various ohiohdflt has l>een already discussed. 
B. 1). Steele found that when a soln, of potasiiaill iodide is electrolyzed with a 
zinc anode, iodine is not set fn*e, and the soln. liccomes yellow, probably owing t^j 
the formation of zinc iodide. F. von Lerch studied the action of zinc on a hydro- 
chloric acid soln. of thohum X. A. Terreil found zinc reacts explosively when 
heated with liumgaiiflie ohloiide ; H. Loicnz .said that cadmium dissolves in molten 
oadmigm chlorido ; N. X. Beketoff reported that a stream of hydrogen and zinc 
vajmur attacks barium chlorida superficially ; 0. Ruff, F. Eisner, and W. Heller 
found zinc rapidly attacks tungltan hfUiflUOrMto, espH^cially if it (ontains some 
hydrogen fluoride, and hot or moist tUBgltea (OTtatrallaoride, WOF 4 , is also 
attacked ; further, 0. Ruff and H. Graf noted that heated anaiUC peutaflumide acts 
on zinc, forming arsenic and zinc fluoride. J. H. Gladstone and A. Trilie found that 
zinc decomposes water in the presence of alutnlnlum iodida. 

According to A. D. White, ^ cadmium is not attacked by an aq. soln. of bkaffhiUf 
pemdar* and zinc is acted on only to a slight extent '' l^cause of the presence of 
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arsenic " ; H. P. Pearson also found a very slight action at first, but at the end of 
a fortnight some zinc oxide was formed, which increased to a powdery deposit at 
the end of six months. W. 8. Hendrixson studied the action of zinc and cadmium 
on (dlloric add A, L. Voege found that zinc cathodes favoured the electro- 

lytic reduction^of potassium Chlorate ; and K. Weger found that in sulphuric or 
acetic acid soln. of chlorates a film of a basic salt is formed on the electrode, and this 
acts like a porous diaphragm. A. F, de Fourcroy and L. N. Vauquelin found that 
a mixture of powdered zinc and an oxidizing agent like potassium chlorate, detonates 
by percussion. G. Pellagri found that zinc ])owder reduces potassium iodato 
incompletely ; the reaction is complete with a zinc-copper couple. 

Zinc has a strong affinity for sulphur, and W. Spring,<>and L. Franck found that 
under a press, of fir/iO atm.cadmium or zinc and sulphur unite to form the sulphide. 
C. Friedel, and E. Jannettaz question Spring’s conclusion—t’^/e 1 . 14 , 18 . E. Schwarz 
showed that the reaction b(;tween sulphur and a mass of the metal proceeds with 
difficulty because a jjrotective layer of sulphide is formed ; on the other hand, a 
mixture of powdered zinc and sulphur reacts with explosive violence when warmed. 
The reaction between zinc and selenium or tellurium is accompanied by incandescence. 
Cadmium behaves similarly, but the reaction is not so vigorous. Zinc is attacked by 
hydrogen sulphide at ordinary temp., and a layer of sulphide is formed which 
protects the metal from further attack ; when heated in a stream of hydrogen 
sulj)hide the attack is vigorous. G. Tammann and W. Roster studied the formation 
of films on zinc and cadmium ex])osed to hydrogen sulphide. R. Lorenz prepared 
crystals of wurtzite is this way. E. Schwarz found carbon disulphide is reduced 
by powdered zinc, forming, with incandescence, zinc sulphide and carbon. 
P. Nicolardot found that zinc and cadmium are only slightly attacked by sulphur 
chloride, 8^,012, and only after a prolonged action at as high a temp, as possible ; 
F. Wohh'r also nobul the slow attack of zinc by sulphur chloride. E. Fromm 
found that a soln. of sulphuryl chloride, SO2GI2' absolute ether, forms zinc 
chloride, sulphur dioxide, or zinc hyposulphite. P. 8chutzenberger found that 
zinc dissolves without the evolution of gas in an aq. soln. of sulphur dioxide, forming 
zinc hy])osulphito, ZnS204 ; and A. Nabl obtained a similar product by using an 
alcoholic soln. P. Schweitzer found that with cadmium and sulphurous acid, the 
liquid first becomes yellow, then clear, then dark, and sulphur and cadmium sulphide 
are precipitated; when the mixture is boiled in the presence of hydrochloric acid, 
cailmium sulphide is precipitated at once. Among the products of the reaction, 
after a sufficiently long period, were cadmium 8ul])hate, 8ulphit<i, thiosulphate, 
trithionate, and sulphide. Aft^r filtration and washing the precipitate contained 
only cadmium sulphide. Similar products were obtained with zinc. M. Berthelot 
also studii'd the action of sulphurous acid on cadmium, and found that in the 
p^psence of sulphuric or hydrochloric acid, cadmium sulphide and sulphur are 
formed ; C. Geituer found that under presfi., zinc and an aq. soln. of sulphur dioxide 
form zinc sulphate and sulphide, and free sulphur. J. Uhl also noted the formation 
of a sulphide as well as aul])hate and sulphite when zinc or cadmium is heated in a 
stream of sulphur dioxidg. M. Frud*homme found that with a soln. of ammonitliu 
8Ulphit6, zinc forms zinc diammino-siilphate and ammonium hyposulphite. The 
corresponding reaction with sodium sulphite, and with sodium hydrosulphite, has 
been studied by R. von Wagner, and E. Berglund. F. Faktor said that cadmium 
colours yellow a boiling soln. of sodium thiosulphate. 

The action of zinc and cadmium on sulphuric add has been discussed generally 
in connection with its action on hydrochloric acid. The metal readily dissolves 
in dil. sulphuric acid, but, as shown by W. R. Grove,^ and J. C. d’ Almeida, amalga- 
mated zinc is not attacked by this acid. P. B. Ganguly and B. C. Banerji found that 
rods of cadmium or zinc, partially immersed in the dil. acid, are most vigorously 
attacked near the surface of the liquid. A. Ditte found that at a low^temp., dil. 
8\dphurio acid and zino furnish hydrogen and hydrogen sulphide, and some sulphur 
(soluble in carbon disulphide) ; at a higher temp, and with cone, acid, some sulphur 
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dioxide is formed. M. Berthelot found that 0*5 gnn. of cadmium with 2 c.v. of 
sulphuric acid in a sealed tube at ordinary temp, developed 0*2 c.c. of hydfogen at 
oidinary temp., and at 100 ®, 3*5 gnus., cadmium sulphate were also produced. At 
IW®, no hydrogen is formed, but only sulphur dioxide, and this the more the 
higher the temp, of the reaction. According to M. M. P. Muir and 0 . E. Koblw, 
cone, sulphuric acid, 7HjS04-f 211^0, exerts no ac'tion on xiuc until a high t<*mp. 
is reached, and that the gas(H)U8 product of the action which then occurs is sulphur 
dioxide, accompanied by separation of a little sulphur ; THgSOi, 411^0 acts in a 
similar manner, but more sulphur separates; adth 7Ha804, OHjO, sulphur is no 
longer produced, but only hydrogen sulphide ; as the acid is made more dil,, 
the action comnumces at* lower temp, with evolution of hydrogen and traces of 
hydrogen sulphide, or of hydrogen alone ; the quantity of hydrogen sulphide 
is incrt‘usi‘d by rise of temp,, but it is not accom})ani(<d by sulphur dioxide or 
sulphur. M. M. P. Muir and H. H. Adie added further that the dependence of 
the prodm tion of hydrogt*n sulphide and sulphur dioxide on the tiuup. and cone, 
of the a4 id indicati's that the formation of these gases is not to bt‘ ascribed to the 
retlucing action of nascent hydrogen on the acid. This is confirmed by tht‘ obsiTva- 
tion that variations in the mass of xinc employed and the ({uantity of hyclrogen 
protluced in a given time, do not exert any marked or regular effect on the nature 
of the change ; and further confirmed by the observations that an ac'id of cone. 
H._,S()4 f2H.j() with commercial zinc gives very little sulphur dioxide or hydrogen 
sulphide at l()t)', while both gases are prcxluced frt»ely at 165 ®, and a large pro* 
portion of hydrogen sulphide* at 18 (>® ; with purified zinc both gases are produced 
at 165 '. If the ga.scH were woondary products of the reduction of sulphuric a<dd 
by the hydrogen evolved in the primary change, it might be* expected that both 
ga8(‘8 would b<* formed as freely with purified as with commercial zinc. It is 
probable that the interaction b(*twcen approximately pure zinc and acid is cliiefly 
a direct chemical inti*raction, and that the. products of the reactions with less pure 
zinc arc largely due t^) the occurrence of wcondary electrolytic changes. With 
pun*, or almost pun*, zinc and dil. acid (say H28O4.I2 to ISHgO), hydrogen and 
zinc suljihatc an* the only products of the roaction ; with the same zinc and cone, 
acids (say 112804. HoO to H2SO4) the chief gasi*ouH product is sulphur dioxide ; and 
hydrogen sulphide is also produced at higher temp. ; with sulphuric acid of intt*r- 
mediat<* cone, (say H28O4.2H2O) lx)th coiiqmiinds of sulphur an* formwl in 
considerable quantitie.s at fairly high temp., Wr. 16 (f®. 

The higher the degree of purity of the zinc, the smaller the pro|>ortion of 
sulphur dioxide to that of hydrogen sulphide at ordinary temp, wliether the acid 
Ini dll. or cone. With an acid more dil. than H2S04-f I0H2O, hydrogen is 
almost the sole gas<*ou8 product even at temp, up to the b.p. of the acid. With 
]mrifi«*d zinc, at about 16 ()®, the dil. of the add is accompanied by a decrease in 
the proportion of sulphur dioxide and hydrogen sulpliide protluced, but with c>om- 
niorcial zinc, the sulphur dioxide diminishes more than the hydrogen sulphide. 
The latter gas is always found with commercial zinc at dilutions down to 
H2S04-f IOOH2O, and at tt*mp. from U® to the b.p. of the add. Platinized zinc 
behaves very like commercial zinc. Sulphur is produced neither at low ttnnp, nor 
with acids less cone, than H2S04-f2H20, and when sulphur is produced, sulphur 
dioxide and hydrogen sulphide are always formed. With purified zinc and sulphuric 
acid, there is scarcely any separation of sulphur ; with platinized foil, on the other 
hand, sulphur is formed in large quantities. The sulphur can 8carc<*ly Ik* a product 
of the interaction of sulphur dioxide and hydrogen sulphide, elsi? it might be expected 
to generally accompany these gases ; nor can it always be produced by the reducing 
action of the nascent hydrogen on either the sulphur dioxide or hydrogen sulphide, 
because these gases are so frequently found at moderate temp, unaccompanied by 
sulphur. The formation of sulphur can sometimes be traced to the mutual action 
of hydrogen sulphide and hot cone, sulphuric acid. This supposition would account 
for the preponderance of sulphur dioxide over hydrogen sulphide when the acid it 
vou IV, ’ 2 I 
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cone, and for the increase in the quantity of the latter gas as the acid becomes more 
dil, ; for the hydrogen sulphide supposed to l>e formed when the acid is cone, would 
be decomposed by reacting with the hot acid, but would escape unchanged when 
the acid becomes more dil. The fact that the cessation in the production of sulphur 
is accompanied by a marked increase in the quantity of sulphuretted hydrogen in 
the rea(;tion of platinized foil with cone, acids, is also in keeping with this 
supposition. 

W. B. Hart, A. J. Hale and H. 8. Foster, A. Sieverts and P. Lueg, and 
E. Brunner have also studied the reaction between zinc and sulphuric acid ; and 

E. J. Mills and W. M. D. Mackey obtained a formula showing the effect of the 
cone, of the acid on the process. M. Barrett studied the state of aggregation of 
the zinc on the ratt; of dissolution in dil. sulphuric- acid. F. Pullingcr found that 
zinc with a perfectly smooth surface is not acted upon by dil. sulphuric acid 
which has been submitt4‘d to prolonged boiling. That pure zinc with a rough 
surface is readily acted upon, but in a less degree by acids which have been 
boiled than by those which have not. That oxidizing agents, such as electrolyzed 
sulphuric acid, hydrogen peroxide, and nitric acid, increase the rate of dissolution. 
That a reducing agent, such as hydriodic acid, almost entirely prevents dissolu- 
tion, but that those contaiidng sulphur, such as sulphur dioxide, are without 
effect. That, in all probability, jrure dil. 8ul])huric acid would, at ordinary 
t-einp., be entirely without action upon metallic zinc, whether the surface of the 
lattijr were rough or smooth. F. Pullinger assumed that ordinary “ pure *’ 
sulphuric acid probably contains a small quantity of some substance which 
is wholly or partly decompos(*d or driven off by boiling. This substance is not 
hydrogen sulphide nor sulphur dioxide, and it is not hyposulphuroiis acid, nor any 
of th(! acids contained in Wackenroder’s soln. From the fact that oxidizing agents, 
such as hydrogen peroxiile, nitric acid, and suljihuric acid which has bciui 
electrolyzed increase the velocity of dissolution, it is not improbabli* that the third 
substance' is some lightly oxygeuiate'd compound. This view is borne out by the 
action of hydriodic acid, a reducing agent which very greatly retards the rate of 
dissolution of zinc. He assumed that this third substance is persulphuric acid 
which acts us a catalytic agent in the reaction between zinc and sulphuric acid, 
analogous with nitrous acid in the reaction between copper and nitric acid (7.1'.). 

L. Kahh'iibcrg and H. Schluiidt found that zinc is not attacked by a soln. of 
sulphur triozide in liquid hydrogen cyanide, but that it is atta(;ked by a soln. of 
turning sulphuric acid in that menstruum. Zinc decomposes selenic acid, Ho8e()4, 
and molybdic acid, H,2Mo()4. Tlu* action of soln. of alkali sulphates, magnesium 
sulphate, and oflammonium sulphate on zinc has been investigated l>y A. Brin- 
ghenti, A, J. C. Snyders, A. Wagner, and A. Krefting ; the latt<*r also studied the 
action of SOdium tungstate. H. 8. Rawdon and co-workers found the corrosion 
of annealed zinc liy soln. of zinc sulphate is of an intercr)'stalline nature. A. R. Wahl 
studied the reduction of a soln. of terric sulphate to ferrous sulphate by zinc ; be 
did not detect the evolution of any hydrogen, and utilized the reaction for the 
evaluation of zinc dust. 8. Sugden also made observations on this reaction. 

F. Muck claimed that with a eonc, soln. of lerrous sulphate, hydrogen is evolved, 
and an ochr<*-yellow deposit is formed. J. Lowe found that granulated zinc is 
slowly attacked by an aq. soln. of alum, and more, vigorously when the zinc is in 
contact with platinum. R. Namias found zinc dissolves completely in neutral 
soln. of the persulphates— -according to M. G. Levi and co-workers, with potassium 
persulphate the action with zinc or cadmium is rapid, with ammonium persulphate 
it is slower, and, as also shown by J. W. Turrentine, no gas is evolved. Accor^g 
to H. Ditz, a 10 per cent. soln. of ammonium persulphate in sulphuric acid gives 
off ozonized oxygen. 

L. Arons® observed that zinc nitride is probably formed in the electric arc 
between zinc electrodes in uitrogan, and appears as a fine deposit on the metal. 
F. H. Newman also studied the effect of nitrogen on zinc and cadmium as cathodes 
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in a discharge tul)e. W. Smith found that when line oxidixeit in tho pre«enre p( 
nitrogen ; ammonia, ammonium nitrite and nitrate are formed ; and in the Kjxm- 
taneouH oxidization of zinc in air, nitrites and nitrates are sometimes prodiici'd, 
W. Smith observed that a hot, nearly boiling solu. of tmmODU readily at'ts on 
zinc cuttings, and still more so on zinc filings ; in both oases hydrogen is evolved, 
and a film of oxide formed which can be n^adily detai'hed from the im^tal. 
W. K. Uodgkinson and N. E. Bellaire also found that zinc dissolves in at), am* 
monia while exposed to air, but they did not observe the formation of any nitrite, 
8. Kup{>id showed that when the metal is left in contat t with air and a<]. ammonia, 
nitrites an* formed. Aceojrding to C. Matignon and 0. Desplantes, the oxidation 
of zinc is nut )H‘nx'ptihly augmenUHi by aij. ammonia, the favourable result is a 
physical offert due to the solvent action of the aij. ammonia on tho zinc oxitle 
^^‘piiig the surfae-e of the metal ( lean, (t, T. Htnlby and G. G. Henderson found 
that whi'ii zinc or brass is heated below its m.p., m a Htn*am of ammonia, then* an^ 
physical changes in the structure of the metal, and the ammonia is deioin|)OSi*d. 
A. If. White and L. Kirsehbraun obtaim'd a product containing zinc nitride by 
jiassirig ammonia gas over zinc heated to about The temp, of decomposition 

and formation of zinc nitride are so closti together that the jiroduct is always a 
mixture of the nitride and the metal. G. G. Henderson and J. G. Galletly showed 
that eadniium bt'haves in a similai manner, hut a ratlier smaller jirojiortion is con- 
verted into a grc’emsh nitride. W. WVyl found Injuid aimiioma d(S‘8 not act on 
zinc, but wIk'ii sodium-uimuomum acts on zinc, sodium (l)ammiiiO' 0 ,M(Je, zino 
diammine, ZnfNlfgljj, are formed : 2 Na(NH 3 ) fZn(NH.j)^()- ZnfMfaljj-f (NHaNaljiO. 
He said : 8ilv(‘r chloride is sat. with aiimionia in one I<‘g of a W'tube, an (‘ij. amount 
of zinc oxide with sodium is placed in the other leg — Imth legs are then sealed, 
The silver < lilonde jiart is placi'd in a calcium (dilonde bath, and the ammonia 
whiili IS given otT is absorbed by the zinc oxide in the other limb. The product 
is then allowed to act on sodium-aimnonium. A deep blue Inpiul is formed which 
readily decoiujioses at . The action of a(j, soln. of many ftnunonium Nkltfl 

on zinc IS discussed both above and fsdow. T. Curtius and A. Darapsky found that 
azoimide reacts with zinc with th(‘ evolution of hydrog(*ii. P. Sabatier and 
J. B. *S(*n(ler(‘ns found that zinc or cadmium is superliciallv oxidized by nitric 0Xide» 
and th(‘ metal is oxidized by nitrogen peroxide at .*K)(r. The surface of molten 
zinc becomes matt in an atm. of nitric oxide, and by the action of nitrous OXide 
zinc oxid<* and nitrogen are formed. F. Emicli obtained zinc oxide mixed with a 
little nitride by passing red-hot nitric oxide over zinc dust, W. K, Uodgkinson and 
A. H. Coote^ found that molten ammonium nitrite has less action on zme than it 
has on ( admiutn or magnesium, and more than it ha.s on copjier, nickel, lead, or 
bismuth ; aiumoma is first given off, and the metal nitrate is formed ; the nitrate 
is reduced to nitrite by the hydrogen; the nitrite reacts with the ammonia, and 
nitrogen is evolv(*d - a gram-atom of cadmium j)roduce8 a little h'ss than 4 gram- 
atoms of nitrogen. J. J. Sudburough found nitroiyl Chloride reacts only slightly 
with cadmium after many days’ ex)) 08 ure at KXJ''. 

WTien cone, nitric 8^ is |>oured (m melted zinc, the metal bec(»m(*s incan- 
descent. P. T. Austen said that zinc does not burn in the vapour of nitric acid. 
N. A. E. Millon found that mono- or di-hydrated nitric acid, fr(‘e from nitrous 
acid does nut dissolve zinc at —18°, but the metal becomes covered with a yellowisli- 
white film, which prevents further action ; as the temp. rist*H a little alxive 18’, 
the film dissolves, and a vigorous action sets in. Zinc retains its metallic lustre in 
the tetrahydrated acid, and remains unaltered at —18°, but is violently attae-ked 
at 0° ; a still more dil. acid reacts o,n zinc even at —18°. H. Bracorinot found that 
i^nc. nitric acid dissolves zinc less readily than the more dil, acid because of the 
lower solubility of the product of the reaction in the cone, acid ; and an alcoholic 
soln. of nitric acid acts very slowly with zinc because of the low solubility of zinc 
nitrate in that menstruum. F. Kuhlmann fouml that zinc reduces nitric acid 
forming some ammonia ; A. M. Pleischl observed that some nitrous oxide is formed 
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when nitric acid reacts with zinc, and as the liquid gets hot, an increasing proportion 
of nitric oxide is formed. H, St. C. Deville showed that the products of the reaction 
include nitrous acid, nitrous oxide, nitric oxide, ammonia, and a little nitrogen ; 
and, as shown by A. Terreil, E. Divers, and others, free hydrogen never appears 
as a product of the reaction between zinc and nitric acid. In an attempt to dis- 
prove the theory of rkat namafd, H. St. C. Deville studied the action of nitric acid 
of different cx)nc,, and of mixtures of nitric acid with sulphuric or hydrochloric acid, 
and measured the quantities of the acid consumed ; he then concluded that each acid 
pursues its actgion on the zinc unaffected, except indirectly, by the presence of the 
other. J. J. Acworth and H. E. Armstrong concluded that in the action of nitric 
acid on zinc in vacuo, the gaseous product is a mixture of nitrogen and of nitrous 
and nitric oxides. J. J. Acworth found that in the presence of ammonium nitrate, 
the gaseous product is mainly nitrogen. A. Bertt^ls stated that when an excess of 
nitric acid acts on zinc, a basic zinc nitrate is formed. 

(J. Montemartini made an extensive study of the action of nitric acid on zinc ; 
he showed that the velocity of the dissolution of the zinc in nitric acid increases 
regularly with the cone, of the acid below 25 per cent. ; it then falls slightly, remains 
constant between 33 per cent, and 42 per cent., then diminishes regularly, attaining 
its minimum value at a cone, of G 8 per cent. ; a considerable rise then takes place 
with increased cone., but the. previous maximum value is not again attained. The 
products formed in the reaction at a low t<*mp. when the acid is in large exct‘ss are 
nitrous acid, hyponitrous acid, nitric oxide, nitric peroxide, nitrous oxide, nitrogen, 
and ammonia. Under the conditions mentioned, hydroxylamine is not found 
among the final products of the reaction, and free hydrogen is never evolved. With 
the exception of nitrous acid and nitric peroxide, the above products are formed, 
whatever the degree of cone, of the acid ; no nitrous acid is, however, formed if 
the aoln. contains more than 30 per cent, of nitric acid, and no nitric peroxide if it 
contains less. At a temj). of the quantity of amtnonia in soln. rises rapidly 
until the cone, of the acid is 10 per cent., then slowly until a maximum is attained 
between 40 and 45 ])er cent. ; it falls abruptly at 47 per cent., and at 53 per cent, 
only a very small quantity is produced, which gradually diminishes with increased 
cone., and may bo represented by a straight line passing through the zero point at 
UK) per cent. At a ttunp. of 85®, the maximum occurs at a cone, of 9 per cent., 
when it is equal to the production at the lower temp. ; it then falls rapidly as the 
cone, is increased to 15 per ^ent. ; beyond this point it may be represented by a 
line passing through the zero point when the cone, is 1(X) per cent. At a temp, of 
18°~21°, the production of nitrous acid increases rapidly with the temp, until a 
cone, of 14 }>er cent, of nitric acid is attained ; it then falls with equal rapidity 
with increase of cone, to 3() per cent., at which stage nitrous acid ceases to appear 
among the final products. Bt^tween 18® and 22®, nitrogen 'peroxide is first formed 
at a cone, of 27 per cent, of acid ; it increases slowly at first, rapidly between 64 per 
cent, and 72 per cent. ; beyond 80 per cent, it remains almost constant. The 
formation of nitrous oxide takes place in comparatively large quantities and with 
great rt'gularity. It reaches a maximum at a cone, of 40 per cent, acid and a 
minimum at 80 per cent. Nitrogen is formed only in very small quantities in acid 
of all degrt’es of cone. Similar results were obtained with cadmium, one gram of 
which in an excess of 27’6 per cent, nitric acid gave 0 001 97 grin, of HN 3 ; 0 00695 
grm. HNO 2 ; 0 00570 grra, NjO ; 0*00033 grni. ; and 0 00216 grm. of NO. 
J. J. Acworth and H. E. Armstrong obtained more nitric oxide and less nitrous 
oxide and nitrogen with cadmium than with zinc — vide action of nitric acid on 
magnesium. A mixture of one part of sulphuric acid with 80 parts of water was 
found by J. M. H. Bigeon to dissolve more zinc than when one part of nitric acM 
is also present, and J. W. Dobereiner explained the effect by assuming that in the 
latter case ammonia is formed which neutralizes some of the acid. 

E. Divers showed that zinc is veir effective in converting nitric acid into hydrous- 
amine, and ammonia is always produced at the same tiine. He assumes that zinc, 



ZINC AND CADMIUM 


m 


like tie, acta directly upon nitric acid, prodnoing the metal nitrate, and independently, 
aa primarv pr^ncto. ammonia, 4Zn4'9HN(^~4Zn(NOs)a'f3HtO-f NHj ; nitroiw 
oxide. 4Zn-M0HNO5=4Zn(NOs)8-f ftHaO-f-NjO ; and nitrogen. 5Zn4*12HN(), 
— 5Zn(N03)8-f6H^0'f Na- The hydroxy lamine aleo i« protiur^ aa a urimary pro- 
duct when sulphuric or hydrochloric acid is pn*sent to form a more stable prcMim t : 
6Zn+7H.^04-|-2HN05=6ZnS04-f-4H20+(NHj0»)j.HjiS04. (}ranu!ate<l ca<l- 
miuni acts in a similar manner producing small ijuanttties of hydroxvlamine from 
nitric acid in the pretK'nce of sulphuric or hydrochloric acid. V. ll. Veley, and 
H. E. Annstrong believe that nitrous acid is a primary' protluct of the nitric acud 
whatever be the nature of the reducing agent — hydrogtin or metal, or anMUiious 
oxhie -and that nitrous a< id is invariably formed when any metal is dissolved in 
nitric acid. E. Divers, on the contrary, regards nitrous acid as a secondary pro<luct 
of the reaction : 

Wtion line acU ujion nitric acid, neither nitraU' nor nitrite or uitr«)iis acid is tba 
primary pro<luet, hut rather nitrate and hydroxylainme, or anunimia, or nitrous oxide, 
or lutro^en, or, rather, all these together, hut indopen<ient.ly and each assoeialtxl only 
with the nitrate. If zme is left in nitric acid, there is undoubtedly a priKluetion of nitrite 
or nitrous acid, which may at last Ixj eonsiderahle, hut only as a secondary j>ro<luet. Ziiio 
acts freely u|K)n its own nitrate in aq. soln., the pitKluets lieuig hydroxide and nitrite. 
Therefore, only m projM>rlion m nitrate increaw's in quantity and, before all, nitric a<'id 
decreases m quantity, doos nitrite or nitrous acid make its apjiearanco. 

Altliough niiiiiionia is produci'd as a primary product of the rt‘duction, K. Divers 
showed that it can also Ik> formed a.s a m'condary product as wh(*n in the absence 
of mucli free arid, hydroxvlamine salts, or xinc nitrite, are rt'duced by zinc to 
ammonia ; nitrous oxide is not only a primary product but it may also arise from 
tlie iuti’raction of hydroxvlamine with nitrous acid when one of tlu'si' coinjicunds 
is formed at a laU' stage in tlv n'action and linds thi* other present, although “ they 
can hardly be supposed to 1 k‘ pro<luced together only to become nitrous oxidi* and 
waU'r.” Similar nunarks apply to nitrogen derived from the int(‘raction of ammonia 
and nitrous acid. Nitrogen p(*roxide, and nitric oxide are also assumed to be 
secondary products derived from the decomposition of nitrtms acid res|M*ctively 
hy nitric acid and by water. A. von Bijlcr showed that when y’;A*nitric acid 
acts on zinc at 2 ^)", the ratio of ammonia to the dissfilved zinc is as 1 : .’If) ; while 
the eijuation: 4Zn -f loHNOg 4Zn(NO;,)2 |-NH4N()j| f .'iHaO, requin's a ratio 
between 1 : 15 and 1 : 16 ; he attribute's the dilTenmee to the formation of nitrous 
acid no hydroxylamine was obsiTved. 

F. Novak found that zinc which has b<*en annealed at 27'i" dissolves more 
rapidly in nitric acid than unannealed zinc rolled at 120'". Incniasmg the amount 
of lead in the zinc from O f) to 2 0 per cent, has very little effect on the spet'd of dis- 
solution. The cailmium content of zinc conditions the speed of dissolution of the 
metal. W. W. J. Nicols, A. Krefting, A. Wagner, A. J, C. Snyders, and W. Smith 
found that soln. of aUnMI nitrates or allrmliim ea^ nitrates attack zinc with the 
evolution of hydrogen. W. R. Hotlgkinson and A. H. Coote found that the reaction 
with cadmium is faster than with zinc ; and P. Forstner stated that the formation 
of alkali nitrite favours the dissolution of the metal, G. Arth Jound zinc dissolves 
in Difer’s li^nid, in a sealed tub<*, forming a crystalline mass. 1^, LoviU^n found 
zinc to be readily soluble in fused ammonium nitrate at 160^ W. R. Hodgkir^n 
and A, H. Coote reported that cadmium reacts as fast with an aq. soln. of ammonium 
nitrate as with the molten salt ; and in an ice-cold aq. soln,, the metal dissolves 
without the evolution of any gas— the liquid has an allwlinc reaction and give.s off 
nitrogen at 100°. The soln, contains free ammonia and cadmium nitrite. The 
action of soln. of ammonium nitrate was also studied by A. Bringhenti. 

B. Pelletier,!® and G. Landgrebe melted phofphoru with zinc and notic'd the two 
elements combined ; and several compounds have since been reported—wde phos- 
phides. F. Stromeyer observed a similar behaviour with cadmium and phosphorus. 
E. Soubeiran,!! and T. Bergman prepared compounds of zinc and •TMIllC. Accord- 
ing to A. Vogel, when a mixture oi the two elements is heated, combination sets' 
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in Ixifore the mixture gets red hot, and the whole mass glows vividly with a dark 
red light, and some arsenic volatilizes. According to A. F. Gehlen, a mixture of 
arsenious oxide with twice its weight of zinc filings, reacts explosively when heated. 
K. Friedrich and A. Leroux studied a portion of the f.p. curve. 

W. Heike obtained the f.p. curves shown in Fig. 17. There are two compounds, 
ZnjjAs.^, melting at 1015° ; and ZnAsg, melting at 771°. The former suffers a 
reversible transformation at 672° into a second modification. Otherwise the 
curves oxj)lain themselves. The alloys have a strong tendency to segregate. 
A. Descamps prepared some cadmium-arscmic alloys, and S. F. Schcmtschuschny 
obtained the results shown in Fig. 18. The results, so far as they go, resemble 



Kk». 17. - -Frt'ozing-jwint Curve of tho Fia. 18. — Froozinj^-point (-’urvo of the 
Hinary Syst/Oin : Zn— Aa. Jlinary Syntem : Cd As. 

those with th(‘ zlnc-ur.senic alloys. There are two compounds, (\l;jAs.j. melting 
at 721° ; and CdAs.^, melting at 621°. W. Spring found that a mixture of 
])owdered arsenic Jirnl powdered zinc or cadmium forms an alloy wlien subjected 
to great press. 

Alloys of antimony with zine or cadmium arc nuidily formed, and union oc<‘urs 
without the emi.ssion (»f light. The alloys are hard, and l)rittle, and have a sU'cl- 
grey colour. The zine-bismuth alloys were found by K. (lelh'rt to have a smalh'r 
Hp. gr. than tlui mean of the romponenta. A. F. Gehlen, and A. Vogel also prepared 
alloys of zinc and antimony ; iuul B. E. (hirrv, (b li. A. Wright, IS. F. Stdiemt- 
schuschuy, 11. Gautier and R. Gos.selin, and K. Mdnkcmcyer studied the f.p. curve.s. 
The results arc* summarized in Fig. 1!). There are two zinc antimODides, Zn 38 l >2 
and Zn 8 b. The curve shows one ma.ximum, two eutectic points, and two m.p. of 
the pun* metals. Tin* evidence for the existence of the compound Zu^Sh.^ is aa 
follows, 'riie curve e.xhihits a di.stiiK't maximum corrc'.sponding with 45 per cent, 
of zinc. At 561°, tho temp, corn'sponding with this maxiimim, the solid which 
separates is uniform. The crystallization of the fusi'd masses, containing 50 and 
40 per cent, of zinc res|>e('tively, ends at 411° and 551) ' respectively. The presence 
of the compound Zn 38 b 2 is also deduced from tho structure of the alloys, containing 
from 40 to 5(") per cent, of zinc. The evidence for the existence of the compound 
ZnSh is as follows, Tho curve exhibits a maximum, corresponding with i") per 
rent, of zinc, whilst at 544°, the temp, corresponding with this maximum, the solid 
which ik‘parates is nniforiu. The crystallization of the fused masses containing 
40 and 30 per cent, of zinc n'spectively ends at 531)° and 507° respectively. The 
stru<’turo of the alloys is also evidence for the existence of this compound. 
J. P. ('ooke and E. Elsasser, B. E, (^irry, etc., studied tho crystalline form of zinc- 
antimony alloys ; J. P. Cooke and E. Maey, the sp. gr. ; C. B. Thwing, the thermal 
expansion ; A. Is'dehur, the heat of fusion ; J. C. Beattie, the behaviour in a 
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fioltl ; K. Bocquer^I, W. Roliuann, ami A. Si‘elM>ck, tht* thermal e.m.f. ; 
A. Matthiessen, and A, Heil, the elec trical rc'aiKtance ; M. HerwdikowitiM’h. and 
N. A. Pusc hin, the difference of jRitential a^ainat A-ZnSOi ; C. T. Hevcock and 
F. U. Neville, the depn‘a8ion of the f.p, ; and A Stoc-k and W. Doht, and K. Wieder 
hold, th(‘ action of acidw. P. CJiraucl, A. Heil, (1. A le Hoy, and K. Mdnkeimyer 
atudicRl the projH*rtie8 of alloys of ainc and antimony alon^' with anotln*r element. 
Alloys of antimony and cadmium have lxH*n j»n*pared hv H. WchxI, P. Cliristolle, 
('. R. A. Wrijjht, etc. The f.p, curves have been studied by N. S. Kurnakoff and 
N 8, Konstuntmoff, C. T. Hevcock and F. H. Nevill»‘. and by W. Trcdtschke, and 
the results are summarized in Fi}^. 20. Two cadmium EUtimollidM, (clj,Sbo and 
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CdSI), appear in th<* diagram, the f,]». curve for cadmium and nnlimony takes a 
different form, according' to the conditions of solidilieation. as, for instance, the 
nature of the substance coverinj^ the metals, the stirring of the mass. th(‘ prewoice 
of corresponding ( rvstal.s, I’tc. ; the two latt^'r ci»ndition.s lieintf neiessary for the 
formation of stable compounds at certain com'. The curve corresjuuuls with four 
solid phases: (1) antimony, the eutectic point bein^r at 41.') and TiH l per cent. 
Sb when crystals of the compound CdSb have lieen added previously, otluTwise 
this part of the curve cxtend.s to 402' and composition 52’.') j>er cent. Sb. (2) The 
compound CdSb, whicli separates at 45.")'’ from liquid alloys vs hen stirred and cooled 
tpiK kly. If thes/' alloys arc allowed to cool slowly under a layer of carnallite, then 
tin* unstable compound (\l3Sb.1j is formed, {‘i) The <v»mpound which 

I’oinmences to siqiarate at 40i)‘', (4) Free cadmium at the euteetic [loint 2tff)‘' and 

92 .5"' per cent, cadmium. The alloys containing 42 to .')2'r> i>er cent, antimony, when 
already solidified, develop heat at 260° to 290'‘, the temp, rising suddenly by 20“ 
to .‘yr ; this occurs most markedly for alloys containing fi) jier cent antimony, 
and also for thos<* still richer in antimony if crystals are not added previously and 
the mass is not stirred while cooling, this sudden rise in temp, being due to the 
compound (>1381)2 passing into a more stable form, thus : (>J3Sb2-f 8b^3(>lKb. 
These views are fully confirmed by the microstructure of the various alloys. phot<>- 
graphs of which were studie<l. At cone. 7'5"36 per cent, antimony, the corripourul 
Cd3SI)2 separates whatever the conditions. K. Maey studied the sj). gr. and the 
sp. vol. of cadmium-antimony alloys ; J. C. Beattie, the behaviour m a magnetic 
field ; B. Thwing, E. Becquerel, and A. Battelli, the thermal e.m.f. ; W, Iskull, 
and N. 8. Kurnakoff and N. 8. Konstantinoff, the crystalline structure. 

L. W. Oanier said that zinc does npt alloy with Iriimnth* C. M. Marx report<*d 
that when equal parts of the two elements are melted together, two layers are 
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fonned. J. Fournet asid no chemical compound is formed. The alloys of zinc and 
bismuth have been studied by F. C. Calvert and R. Johnson, C. R. A. Wright and 
0. Thompson, etc. The f.p. curve of zinc and bismuth has been studied by 
C. T. Heycock and F. H. Neville, H. Gautier and R. Oo.sselin, B, E. Curry, W. Spring 
and L. liomanofT, and by P, T. Arnemann. The results are illustrated in Fig. 21. 
The alloy separates into two layers, a soln. of bismuth in zinc and of zinc in bismuth. 
The cx)urs(^ of the two solubility curves is shown by the dotted curve in Fig. 21. 
It was studied by C. R. A. Wright, B. E. Curry, H. Gautier and R. Gosselin, 
F. Guthrie, and \fr. Spring and L. Roiiianol!. The latter found : 

419 * 475 * 684 *. 650 * 750 * 

Upper layer (Zn in Hi) . - 97 0 9rt 0 90 0 86 0 73'0 |)er cent. 

Lower layer (Bi in Zn) . 80 0 — 84 0 80 0 77 0 70 0 „ 


and the two elements are completely miscible at 850'^ The sp. gr, and sp. vol. of 
zinc-bismuth alloys was studied by E. Maey, and H. Gautier ; the heat of fusion 
by G. G. Person ; the lowering of the f p. by C, T. Ifeycock and F. H. Neville ; 
the thermal e.m.f. by E. Becquerel, W. Rolmann. and A. S<;ebeck ; the potential 
against JV-ZnSOi soln. by M. llerstihkowitsch. and A. Hucheni, and against a soln. 
of sodium chloride by A. P. Laurie and 11. li‘ (liatelier ; and the action of nitric 
acid by C, MonUmiartini and E. Colonna. G. W. A. Kahlbaum and E, Sturm 
obtaitwd an alloy by the compression of the inix<‘d powders. The f.p. (uirve of the 
alloys of cadmium and bismuth has been studied by A. W. Kapp, and by A. Stof!e|, 
with the resiilts shown in Fig. 21. This is a typical V-(“Utectic curve. The alloys 
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have biH'n studied by (I R. A. Wright, H. Behrens, and F. Guthrie. A. Matthiessen, 

O. Vicentini and D. Omodei, F. Hudberg, and E. Maey investigaUMl the sp. gr. 
and sp. vol. of the cadmium-bismuth alloys ; C. T. Heycock and F. H. Neville, ami 

P. Siloff, the lowering of the f.p. ; the thermal e.m.f. by C. C. Hukdiins, A. Battelli, 
and D. Mazzotto ; and M. Herschkowitsch, the difference of potential against 
N-CdSOi soln. E. Bocquerel, and J. C. Beattie studied the ti^rnary alloys 
Cd— Bi-Sb ; and C, R. A. Wright, and W. D. Bancroft, Cd-Bi--Zn. ‘ 

B. Reinitzer and H. Goldschmidt found that zinc reacts with phoqihoiyl 
oblorido at ordinary temp, and more rapidly at lOO'^, forming zinc chloride, zinc 
luetaphosphate, and a red substance — red phosphorus or phosphorus suboxide. 
Zinc reacts with phoqihorio aoidy forming the phosphate and phosphide. A. Brin- 
ghenti, A. Krefting, and A. J. C. Snyders studied the action of soln. of the aUoUi 
W. Smith found that with a boiling soln. of amnmninm ph08pbate» 
zinc gives hydrogen and ammonia ; and with a boiling soln. of arnmnninm anmate* 
it gives hydrogen and arsine. A. Krefting studied the action of soln. of sodium 
arsbate, sodium tungstate, and potassium antimonate. W. Thomson found 
that the electrolytic reduction of soln. of aisenites or arsenates proceeds more, 
rapidly with a zinc than with a lead cathode. 
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As previously indicated nearly all commercial sine contains some OtibOlU which 
J. J. j^rzelius,^^ F, A. C. Gren, and R. Schindler assumed to be present as stso 
earbide ; the black powder which remains after the distillation of sine cyanide, and 
which when ignited bums, forming sine oxide, was also supposed by J. J. Benselius 
to be sine carbide. There is, however, no evidence of the formation of a carbide 
under thesis conditions. 0. Huff and B. Bergdahl found that cadmium and sine 
dissolve only truces of carbon. M. Bi'rthelot heated sine with OtrbOQ lUOTOlidt in 
a sealed tube at SfiO'' for many hours, and obtained a trace of carbon dioxide and 
carbon ; CVbon dloikle acta as an oxidising agent on sine vatmur- the 
pn*(>aration of zinc. According to F. Wohler, a soln. of lodium carponito forms a 
soluble l)asic carbonate, NaO.Zn.NaCOj, and hydrogen w evolvwl. W. Si^ith 
found a boiling soln. of sodium carbonate was decom|)osed by sine, forming hydrogen 
and zinc oxide ; but, unhke F. Wohler, he could find no zinc in the soln. ; nor difl 
H. W. F. Waclcenroder find any attack on zinc oxide by a boiling .soln. of soilium 
carbonaU*. A. Bringhenti studied the action of soln. of ammonium oarbonato, and 
of ammonium oxalate. G. A. Goyder found that zinc dissolves in an atp soln. of 
potassium esranide with the evolution of a gas ; the rt'aetiun has IxHm studied by 
F. Kuns<-hert, F. Spitwr, and H. A. White. A. Brot'hot and J. Petit found that 
under the influence of the alternating cummt, the attm'k by potassium cyanide 
results in the evolution of hydrogen, but it is arn*8t4‘d on acTount of the formation 
of a sparingly soluble complex salt Zn(-V 2 . 2 K(’y ; with cadmium, the attack is 
continued by the aid of atm. oxyg<‘n and is concentrated on the ]K)rtion of the 
strip near the surface of the li(juid. A. Kndting studied the action of soln. of 
potassium ferrocyanide, and of potassium lerricyanide. Differences of electric 
jiotential of different parts of a piece of zinc or cadmium arc shown by dipping the 
metal in an agar-gel containing jK)tas8ium ferrooyanide and phenolphthalein. 
A. Bringhenti studied the action of soln. of ammonium thiocyanate and of potassium 
thiocyanate. According to (i. Chesneau, dil. aoetio acid attat'ks zinc mon« than 
does a A^-soln. of sodium acetate. S. H. Mathews found that a soln. of trichloio- 
acetic add in nitrobemwiie acts vigorously on zinc. Zinc is attacked by carboa 
tetrachloride in the ]>reKeneo of moisture*, but dichloroethylene. trichloroethylaia» 
and perchloroethylene an* virtually inactive. N. N. Beketoff found siUOQn 
tetrachloride va])our is reduced to silicon and boron trifluoride is n‘du(*ed to 
boron. 

Zinc dissolves slowly in aloohol, and, according Ut T. Roman and G. Delluc,^* 
grm. of zinc is dissolved per litre. M. Trauls? showed that absolute alcohol 
is not oxidized in air by zinc, but when diluted with water oxidation occurs, and 
this the more, the grcaU;r the proportion of water present. W. Ijiatjeff, and H. Jahn 
have studied the action of zinc as a catalytic agent in the oxidation of alcohol to 
aldehyde, and the former found this metal is mow* a<!tive than cojiper, nickel, 
cobalt, iron, manganese, or chromium. Aa»taldehyde is converted by zinc at an 
elevated temp, into carbon monoxide and methane. The effect of zinc on alcoholw! 
liquids - wine, beer, and spirits— has been investigated by K. P. Ducherain, 
F. Malm6jac, G. Heinzelmann, L. A. Levat, L. Nathan and A. Schmidt, and 
C. Sellenscheidt. The tatty adds were found by ,1. P^ler to attack zinc slowly. 
A. Mailhe studied the oxidation products. Z. (’niiuniydis found that in the pn*wnce 
of zinc OXaUc add is reduced to glycollic acid. J. J. Redwood, and 0. Engler and 
E. Kneis, found that zinc is not affected by mineral lubrirattng oil ; the former 
also found that zinc is very little affected by rape oil, oUto oU, or tallow oil ; it m 
attacked most by iperm oU, less by ootton«eeed dl, and less still by laid oil ; hut 
W. van Rijn found that zinc is attacked by olive oil and oaitor oil, and that Wiime 
oil in a zinc vessel formed zinc palmitate, oleate, and stearate. A. Gawalowsky 
found zinc is but little attacked by rape oil. B. Fokin found zinc a<.'tH catalytical^ 
on the oxidation of linaeod olL D. Klein and A. Berg found a soln. of fOgar at 
115°-12()® attacks zinc with the evolution of hydrogen, and the development of 
an acid ; and F. Plzak and B. Husek found that the presence of zinc in palladium 
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nmkes the alloy retard the inveraion of cane-sugar. Zinc was found by C. 0. Weber 
to have very little a^ition on sulphuretted caoutchouc. 

A, Pospieloff found the vapour of zinc attacked the platinom electrodes in a 
discharge tube, but not iron or alnmininm electrodes. In his study on metallic 
precipitation, N. W. Fischer noted that zinc or cadmium precipitates the metals 
from most of the ordinary salts of copper, silver, gold, cadmium (by zinc only), 
mercury, tin, lead, kllurium, bismuth, arsenic, antimony, iron, platinum, palladium, 
rhodium, iridium, and osmium, but not nickel — vide the individual metals, and 
the observations of J. A. Poumarede, L. de Boisbaudran, A. Dcstrem, and A. Villiers 
and F. Borg. In some cases, the metallic precipitation is utilized in quantitative 
analysis. K, Witting, J. B. van Mods, and J. B. Sendereiis found that zinc reduces 
lead from a soln. of lead acetate, T. E. Thorpe found that the reducing action of a 
definite amount of zinc on ferric salts increases with increased cone, and decreasing 
acidity of the soln. H, Munk found that zinc which has been in contact with a 
dil. soln. of alkali carbonatii for a long time becomes more electronegative and 
precipitates copper from soln. less rapidly than ordinary zinc. Copper is pre- 
cipitated from a soln. of cofipcr oleate in cresol at KK^, and the addition of water 
favours the reaction ; mangancsi*, chromium, nickel, cobalt, iron, and cadmium 
were found by J. L, Sarumis to be ineflectiv**. P*or the action of soln. of chromic 
add and chromates vide passive zinc. As W. R. Grove and others have shown, 
zinc may lie regarded us an energetic reducing agent — partiinilarly when in a 
powdered form-c.//. it reduces the chromates and permanganates; and with it 
(1. Stahlschmidt reduced nitrates to nitriti's; M. Delepine reduced tungstic o.vidc to 
tungsten ; L. Troost reduced sodium zirconium chloride ; and M. Dullo reduced 
sodium aluminium chloride. Powdered zinc has been much used as a reduc’ing agent 
in organic chemistry. In the theory of the nascent state, the formation of hydrogen 
})rec(‘de8 the reduction, so that the reduction is due b) a .seconds ry reaction following 
the main reaction. J. Hwinburne claimed that when zinc reacts with acid so as to 
reduce a ferric salt, it i.s better to say that when the mi'tal di.ssolves it can either 
reduce a ferric salt or generate hydrogen. Of the two reactions, th«‘ reduction of 
the ferric salts (lonsumes the less energy and so takes place. If no reducible salt be 
available, liydrogen gas is evolv<*d, and much work is needed for its ('X[)ansion, 
against atm. jirtvss., into the gast'ous form. 

If a ph'ce. of metallic zinc be immersed in a one jier cent. soln. of copper 8ulphat<‘, 
copper is precipitated on the zinc. When the zinc has been coated with a layer of 
copper, it can be removed from the soln., washed with water, and dried. The 
mixture of copper and zinc is called a copper-zinc COUple.^* Tie* coupli- can also 
be made by hi'ating a mixture of nine parts of ])owdered zinc with one part of 
powden^d copper in a tlask until the zinc begins to flow. ls‘t the mixture cool in 
a closed flask. The zinc is now much more active chemically, for, unlike metallic 
zinc alone, it can decompose water at ordinary temp. The zinc and copper act 
electrolytically, Metals which are chemically combined or alloyed together do 
not act in the same way. The tw'o metals, one deposited upon the other, form a 
galvanic couple. The zinc-cojiper cojuple also R‘duces hydro.xylamine hydrochloride 
U) ammonium chloride, nitrates and nitrites to ammonia ; chlorates to chlorides ; 
arsenates to arsine, etc. The couple is also an important reducing agent in organic 
chemistry. 

The metallic precipitation of zinc and cadmium.~S. Kern,^^ and F. Faktor 
stated that metallic zinc is precipitated from soln. of its salts by magnesium, and 
with a cone. soln. of zinc chloride much hydrogen is evolved. With a hot or cold, 
cone, or dil, soln. of zinc sulphate, R, G. Bryant obtained almut a 50 per cent, 
yield of metallic zinc, H, N. Warren made a zitw-tree, by wrapping a magnesium rod 
in asliestos j)apcr, and immersing the roll in a soln. of zinc chloride. W. Eidmann 
found that the decomposition of zinc cyanide by magnesium is vigorous, and is 
accompanied by incandescence, forming magnesium nitride, zinc, and carbon. 
G. Mel\ Smith found a cone. soln. of zinc cyanide gives a precipitate oi zinc when 
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ti^ated with copper. According to K. St‘ub<‘rt und A. Schmidt, CJ. Post, and 
A. J. C. Snyders, when a neutral aq. solji, of line chloride is treated with tilings, 
line hydroxide and a basic chloride are formed ; while an amiuoniacal soin. giw^s 
a precipitate of line and line hydroxide, but about 20 jK'r cent, of line nunuins in 
soin. ; the precipitation is also incomplete w'ith hydroc'hloric acid soln. M. Ceni- 
nerszwer and J. Drukker measured the rate of precipitation of copper from soln. 
of cupric sulphate by line. They found evidence of a peritnl of induction, and that 
if C denotes the cone, of the coppr in soln., and ('\ the cone, of the copper at 
the surface of the nu'tal, while x denott'S the amount of co])]>er precipitated by 
a zinc plaU* of surface S, then (ixldt—kJi^{C- (’"). If the reaition at thi‘ surfac-e 
of the zinc is instantaneous, 0. If ('o d»“notes the initial cxinc. of the 
soln., and v its vol., z-~ {('o—(')v, and dxjdi —v.dVidt. Hence, —nlCjdi kSV, or 

2 3<>3i'(log J. L. Davis also studied the pn‘cipitation of iiu'tals 

by zinc. 

F. Faktor found that cadmium hydroxide is pr»‘cipitHted when a soln. of a 
cadmium salt is treated with tnagne^ium — hydrogen is at the same time (*volved. 
(\ Formeiiti and M. G. liCvi found that aluminium energetically reduces an aq. 
soln ora molten cadmium salt; C. Goldschmidt found that cadmium is (juanti* 
tatively precipitaUnl by boiling in a vessel of aluiiunium an aq. soln. of a cadmium 
salt, mixed with a little cobalt or chromium nitraU'. G. McP. Smith obs^TVinl 
that copper precipitates cadmium from a com*, aq. soln. of cadmium suljihab* in 
potassium cyanide. P. N, Ilaikow and 0. G. Georgiew found that powden*d tron 
forms a ferrous salt wdieii treat-<*d with a neutral soln. of cadmium nitrate, sulphate, 
chloride, bromide, or ioduh*, but not the chlorate. J. L. Sammis found that lead 
is covered with a bhw'k him when boiled for 2 hrs. with a soln. of cadmium oleate 
in toluene, while magnesium, aluminium, antimony, bi.smuth, zmc. cadmium, tin, 
iron, nickel, cobalt, copper, or silver doe.s not act in this way. 

The electrodeposition o! zinc and cadmium.- The elei trodeposition of zmc 
from neutral soluliom has been investigat^'d by A. Minet,*^^ .). Zmmiermann, 
F. F Kxiier, etc, ; of cailmiiim from neutral soln. by A. llollard,'^* II. S^mn, 
F. F. Smith, A. f’lasHen, A. Fischer, et<’. ; of zinc from </c«/ .vo/u^toiw by T. 8. Price, 23 
\V, I). Bancroft, 8. (xiw per-Coles, ete. ; of cadmium from acid soln. by Luekow,** 
A. Classen, 8. Avery and B. Dales, M. Heidenreich, E. F. 8mith, efe. ; of zinc 
from cyanide solution-fi by C. Luckow,2'» F. Beilstein and L. Jawein, M, h‘ BlaiK* and 
K. Schick, et<’. C, J. Werlund recommended the following cyanide hath for zinc 
jilatmg, the values being oz. ])er gallon ; Zn(CN) 2 , 8 ; NaCN, 7 ; NaOll, 1 or 2 ; 
Na. 2 C() 3 , 4 ; NaF, 1 ; corn syrup, 1 ; gum arabic, I ; t/emp. of bath, 40°-r)0'’ ; 
volUge, 3-5. Very smooth, greyish-whib* dej)osits were obtained. The (dectrolyt-e 
d(K's not deteriorate on standing, and can lx* used with a high current density eyen 
111 mechanical plating units where the cleaning is poor. The elcctrodejiosition of 
cadmium from cyanide soln. has bt*en investigab'd by A. Brunner. 2 ® A. Fischer, 
W, Storbmbecker, etc. ; of zinc from mluiiom of alkali zinnaUd by F. Weil,*^ 
(’. Beslay, W. D. Bancroft, F. Forster and 0. Gunther, <‘bi. ; of cadmium from 
alkali soln. by W. 8. Ixirimer and K. F. Smith, 2 ® E. F. Smith aiul F. Muhr, T. Moore, 
etc. ; and of zinc from ammoniacal soluliom by F. FdrsbT and cx)-workers,29 
T. S. Price, L. H. Ingham, etc. The effect of various additions b> the electrolyte 
have Ix^en tried ; for instance, F. ForsbT and O. Gunther tried a soln. of zino 
chloride, sat. with zinc oxychloride ; J. Kontschewsky, chloric aidd ; H. Paweek, 
lioric acid or borates, C. F. Burgess, C. C. Person, L. Potthoff, A. van Winkle, 
E. Kaselowsky, and G. Langbein, aluminium salts; A. 8chaag and co-workers, 
J. Szirmay and L. von KoUerich, and R. de 3Iontgelas, magnesium salts ; 
C. F. Burgess, A. Sebaag and R. Falk, G. Langbein, 0. Gabran, and 0. Lehmann, 
tin salts ; H. I^eitner, manganese salts ; 8. Cow|x*r-Coles, iron salts ; and 
J. Burrow, A. Schaag and R. Falk, mercuric salts. W. D. Bancroft found 
the presence of cadmium, iron, lead, and copper produces bad results because 
these metals may be deposited before the zinc. The addition of several organic 
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eoinjxmnds or baIU of organic acida has been tried ; A. van Winkle, gelatine ; 
X Bfhmy and L. von Kollerieh, dextrose ; W. D. Bancroft, glue ; J. Meurant, 
gum ; A. ClaHsen, and 8, A. Tucker and B. G. Thomssen, glucosides ; G. Langbein, 
Oextroae; A. Brester, L. Trunkbain, sugar (maltose and dextrose) and yeast; 
h. Potthoff, A. Schaag and co-workers, acetic, citric, or tartaric acid ; E. C. Bro^- 
well, phenol, aldehyde, carboxylic acids ; B. D. Kendall, glycerol ; W. D. Bancroft, 
formaldehyde ; G. Langbein, urea ; and B. Goldberg, amines, amides, cyanides, 
nitriles, and pyridine and quinoline bases. A. Mazzucchelli found, with a low 
current density, small additions of salts of quinine, cinchonine, quinoline, dimethyl- 
aniline, a-naphthytarnine, lutkline, aniline, pyridine, and gelatin, using a zinc anode, 
and a brass cathixle, homogeneous, uniform, and fine-grained deposits of zinc can be 
obtained. Q. Marino electrolyzed soln. of zinc salts in glycerol ; and H. E. Patten, 
soln. of zinc salts in acetone. G. Carrara electrolyz<?d methyl alcohol soln. of 
cadmium salts. 

The electrolysis of molten zinc chloride and iodide was studied by M. Faraday 
in 1833 ; and the work has been extended by R. Lorenz ^i—with and without 
additions of ammonium, potassium, sodium, or magnesium chloride. The effect 
of other chlorides -lead, iron, copper, and silver—has been tried. J. Swinburne, 3* 
R. Lorenz and co-workers, 0 . H. Weber, A. Helfinst<‘in, H. Frei, etc., electrolyzed 
fused cadmium chloride. V. Czepinsky has studied the electrolysis of zinc bromide ; 
and 0. H. Weher, of cadmium bromide. The alternating current electrnlyais of zinc 
salts has been investigated by B. Rosing,^ M. le Blanc and K, Schick, A. Lob, etc. ; 
and of cadmium salts by J. W. Richanls,^* M. le Blanc and K. Schick, A. Lob, 
A. Broehet and J. Petit, H. Danneel, etc. The choice of anodes has been studied 
by J. W. Ijangley,***® G. Langbein, A. G. B<*tts, etc., and the choice of cathodes by 
A. Gockel,^® H. Nissenson, H. Paweck, etc. 

Reactions of zinc and cadminm of analytical interest.— Neither zinc nor 
cadmium salts give a precipitate with hydrochloric acid, and zinc does not give a 
precipitate with hydrogen folphide in acid soln., although cadmium salts give a 
yellow precipitat<^ of cadmium sulphide, which, unlike the yellow precipitate of 
arsenic sulphide, is insoluble in alkali sulphides, soluble in a large e.xcess of hydro- 
chloric acid, in warm dil. nitric acid, or boiling dil. of sulphuric acid (1 : 5). Ac<-ord- 
ing to F. Jackson, one part of ca<lmium in 16, (XX) parts of soln. can lx* det<*rted 
by hydrogen sulphide. A neutral soln. of a zinc salt jirecipitates zinc sulphide 
incompletely when treated with hydrogen sulphide, ZnCl 2 -f H 28 r=i 2 HCl~f-ZnS ; the 
precipitate is soluble in mineral ai'ids, so that the reaction is reversible. Zinc sulphide 
IS insoluble in acetic ai'id, so that if the soln. of zinc salt contains sodium acetate, 
the zinc may b«* quantitatively precipitated by hydrogen sulphide : ZnCl 2 
4 - 2 NaC 2 H 302 -|-H 2 S-“ 2 NaCl-f 2 HC 2 H 302 -f ZnS. Similar remarks apply to weaker 
acids other than acetic. 

Neutral or alkaline soln. of zinc salts give a colloidal precipitate of zinc sulphide 
when treated with Mlinonittni foiphidg : ZnCl£-f (NH 4 ) 2 S -ZnB-f'iNH^Cl. The 
precipitate is more granular and more easily filtered and washed if it be obtained 
with boiling .soln. in the presimce of a considerable proportion of ammonium salts, 
so that hydrogen sulphide or an alkali sulphide gives a precipitate in an ammoniacal 
soln. of a zinc salt. According to J. L. Lassaigne, one part of zinc sulphate in 

10.000 parts of .water gives flakes of the sulphide with potassium sulphide, and with 

20.000 parts of water, a faint opalescence. F. Jackson said that one part of zinc 
in fXXX) parts of soln. can be detected by means of ammonium sulphide. According 
to B. Neumann, and E, Mylius, the feitocyanide reaction for zinc is more sensitive 
than that with ammonium hydroxide, carbonati*, or hydrosulphide, especially working 
with hot soln. and avoiding an excess of the precipitant. R. Jordis gave the sensitive- 
ness as 1 in 3,(XX),000. CTadmium salts under similar conditions give a yellow colloidal 
cadmium sulphide which is coagulated if it be formed in a cone, salt soln. When 
zinc salts are treated with aUnU a white gelatinous hydroxide is precipitated which is 
soluble in excess, forming a soln. of alkali zincate, say, Zn( 0 K) 2 ; when a dil. aq. 
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aoln. of the tincate b boiled, hjr^lysb oocun/ and aino hydroxide U pre> 
cipitated. The tx>rres}X)nding hydroxide precipitated from cadmium aalta by 
aUcali hydroxides, b not solu^ in an excess, ano when gently ignited, fumbhea a 
bfown<coloured oxide. F. Jackson found that one part of zinc or cadmium in 4000 
parts of Boln. can be detected by sodium hydroxide. A(^. ammonia precipitates 
white sine hydroxide from neutral aoln. The precipitate is soluble in ammonium 
salts because of the formation of a soluble complex salt ; sine hydroxide is also 
soluble in an excess of ammonia because of the formation of a soluble complex 
salt, [Zn(NH3)0](OH)s ; and in the presence of ammonium salts, say, ammonium 
chloride, the soluble complex [Zu(NU3)«]Cl2 b formed. Similar n»sults are obtained 
with nickel, manganese, magnesium, or iron salts. Ammonia also precipitaU^s white 
cadmium hydroxide w'hich, unlike lead hydroxide, is soluble in an exi'i'ss owing to 
the formation of a soluble complex hexaiumino'Salt as in the cast* of sine. When 
the soln. of the com|>Iex is diluted and boiled, cadmium hydroxide is re-precipitated. 
According to P. Jackson, soln. containing one part of sine in 8(J(K) and ono part of 
cadmium iju 4000, give precipitates with aq. ammonia ; T. G. Wormley said one 
part of zinc in 12,500 can be detected by aq. ammonia. 

A white basic carbonate, like the corresjwnding magnesium compound, b pre- 
cipitati'd on adding an alkali carbonate to a soln. of a zinc or cadmium salt. The 
precipitate b not soluble in excess. According to J. L. Lassaigne, a soln. of one 
part of zinc sulphate in 10,000 parts of wat4*r gives flakea of the pn‘cij)itate with 
Ht)diiuu or potassium carbonate, but with 2t>,(KX) parts of water the prtu'ipitate 
appears only afttT some time. T. G. Wormley detected one part of zinc in 12,500 
parts of soln, by means of sodium carbonate, and F. Jackson one part of zinc in 8000 
parts of sola., and one part of cadmium in 4000 parts of soln. A soln. of ammo ninm 
carbonate behaves in a similar manner ; exce)>t that the jjrecipitate with the zinc salt 
is soluble in excess, but imsolublc with the cadmium salt, the precipitation does not 
occur in the presence of ammonium chloride. According to J. N. von Fuchs, zinc 
salts are not prt‘cipitated by calcium carbonate, but, atTording to H. Demar^ay, 
although zinc salts give no precipitate with barium carbonate, if the mixture b 
boiled, all the zinc is pn'cipitab'd as basic carbonate. Similar remarks apply to 
the carbonates of strontium, calcium, and magnesium. Zinc sulphab* of course 
deconijjoses barium carbonate. Cadmium salts are not changed. 

When a soln. of a zinc salt is treated with potauiam cyanide, a white precipitate 
of zinc cyanide is formed : ZnC^-f ^KCy“-2KCl~|-ZnCy2, which is soluble m exces* 
owing to the formation of a soluble complex, K2ZnC'y4. Thb com])lex b decom- 
nosed by acids : K2ZnC')'4-f 2HC1— 2KCl-f2HCy-f-ZnCy2 I by alkali sulphidea ; 
k2ZDCy4-f(NH4)2S=2KCy-f2NH4Cy+5iiS. Cadmium salts also give whita 
cadmium cyanide under similar conditions, and thb too is soluble in excess owing to 
the formation of a soluble complex, K2CdCy4. Alkali hydroxides and carl)onates 
do not give a precipitate with a soln. of potassium cadmium cyanide, but hydrogen 
sulphide precipitates yellow cadmium sulphide. F. Jackson detected one past of 
cadmium in 1000 parts of soln. by means of potassium cyanide. When zinc salt 
soln. are treated with potawinm brrocyMlide, they fumuih a white precipitate of 
zinc ferrocyanide, Zn2FeC’yfl, which b changed by an excess of the potassium salt 
into insoluble potassium zinc ferrocyanide, Zn3K2(PeCy«)2. According to 
J. L. Lassaigne, one part of zinc sulphate in 10,000 parts of water gives a slight 
turbidity with potassium ferrocyanide ; with 20,0(X) parte of water a very slight 
turbidity ; and with 80,000 parts of water, the turbidity does not appear until 
after 5 to 10 mins. When pOMHilim lenioytllidt b added to a solo, of a zinc salt, 
a brownbh<yeUow precipitate of zinc ferricyanide b formed which b soluble in 
ammonia a^ in moderately cone, hydrochlonc acid. No ])recipitate b formed 
when a soln. of a cadmium salt b treated with potaiifaiiil thiooyaiinte alone or after 
the addition of sulphurous acid. Amtmywinm thfoMetata gives no precipitate with 
zinc salts in acid aoln. , but zinc sulphide b precipitated from ammoniacal soln. When 
zinc salts are treated with fodiom phogwto they fumbh a gelatinous prec^itate 
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of normal zinc phosphate: 4Na2HP04-|-3ZnCl2=2NaH2P04-f-Zn3{P04)2-f6NaC] ; 
the precipitate soon b«?conje8 cr>'ata)Jine and then filters readily ; it is soluble in 
ammonia and in acids. Cold soln. of cadmium salts gives no precipitate with 
potAlifum chromate, but a boiling soln. gives a precipitate of yellow basic chromate, 
Cd2(0H)2Cr04. F. Jackson said that one part of cadmium in 1000 parts of soln. 
can be det<^ctcd by the precipitate produced with potassium dichromate. Cadmium 
salts give no precipitate with chromic acid. Cadmium and zinc salt soln. give no 
precipitate with S^om thiosulphate, or with sodium sulphite. S. K. Benedict 
obtained a white precipitati^ when potassium periodate is added to a soln. of a zinc 
salt. The presence of ammonia hinders the precipitation.^ A 17 per cent. soln. of 
potassium perchlorate was found by R. Salvadori to give a white crystalline pre- 
cipitate with arnmoniacal soln. of cadmium salts. A. del Campo (Vrdan reported 
that when an alcoholic or ethereal soln. of resorcin is added to arnmoniacal soln. of 
resorcin a blue loloration is produced. The reaction is characteristic if salts of 
cadmium, copper, (obalt, nickel, or manganese be ab.si'nt. A soln. of potassium 
Oialate produces a white crystalline precipitab* with a soln. of a zinc salt ; the 
resulting zinc oxalate forms a soluble double salt with an excess of the jirecipitant ; 
and the double salt is decompo.sed by acetic acid reprecipitating zinc oxalate*. 
Alkali sulphab’s, acetates, formates, and succinab's do not give precipitates with 
zinc salts, but a mixed precipitate is formed if soiiu* chromium salt is jiresent as well. 

Ths US6S of zinc ftnd cadmium. — Galvanizing is p(‘rhaps the mo.st important 
use to which metallic zinc is put. in 1837, II. W. Cranfurd coated well-cleaned 
surface.^ of iron by simple immersion in a bath of molten zinc. The operation is 
called galvanizing, and the coated m<*tal galvanized iron. Previously, iron was 
coab'd by galvanic agency, hence the nariu*. Although the galvanic process was 
practically ousted by H. W. Uranfurd's })rocess, the electrolytic process is a serious 
competitor, even though the surface is dull and dead and not so bright as in the hot 
immersion process. Tin* advantages of the galvanic process turn on (i) gn*ab‘r 
economy in the use of the metal ; (li) better control of the thickness of the coating ; 
and (iii) its use for special articles of steel, (“tc , whose tempi'r would be injuretl by 
immersion in a bath of molbui zinc. 

Ill dry galvanizing, or sheradizing the cleaned articles of iron or steel are 
heated in metal boxes or drums alone with zinc dust at a bunp. bidwemi and 
425^". The zinc i.s partially volatilized, and the vapour condenses on the surface of 
the metal b) be plated. The sheradized surface is light grey and matt, but it can 
be polished to rival nickel plate. The process was devised by S (’owper-Coles about 
11K)2 ; it is adapted for coating articles with a pattern or design on the surface which 
would be filled up or obliterab'd by ordinary hot galvanizing. Mi'tals, etc., can 
also be coated witli a protective or ornamental film of some other nu'tal by sprajung. 
In fck’oop’s process •‘O the spray is driven at a high velocity against the body to be 
coab'd. 

Spelter is used for making ornamental slush or hollow castings where the metal 
is poured from the mould as soon as the surface has solidified. Rolh‘d zinc plates 
are used for domestic articles ; as an anti-corrosive agent in steam boilers w here the 
zinc plates bolb'd to the boiler aro attacked first and renewed as required. Cast 
zinc rods are used for batteries ; seamless zinc pipes for cold-water supplies may be 
tin-lined. Zinc is cheaper than lead for this purpose, but the expansion is too great 
if hot water is to be transported. Zinc is used in the manufacture of a large number 
of alloys — vu/e brass. The addition of zinc to certain alloys gives them increased 
wearing powers, and it is therefore added to bearing metals, bronze coinage, etc. ; 
and as a precipitant for gold in the cyanide p^oss ; it is also used in Parkes’ process 
for desilvering lead ; and in zincography. Zinc dust is employed as a reducing agent 
in the dyeing industry. Many of the compounds of zinc, such as the oxide, chloride, 
Bulphaie, and carbonate, are employed for a great variety of medicinal and industrial 
purposes. P. Drinker has reviewed the bibliography on the tozicitf of zino 
- Wde zinc oxide. C. 0. Johns and co-workers, and E W. Schwartze and 
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C. L Alsberg have also studied the physiological action of sine and cadmium 
salts. J. Crot'hralsky and E. Lohrke have discussed the riHC pyrophoric aUoyn. 

Cadmium is used in making low U‘mp. melting alloys— tipsof automatic sprinklers, 
safety plugs for boilers, electric fust*s, 8tereotypt‘ plates, and solders. Cadmium is 
stated by C. E. Siebenthal and A. Stoll to W a better rust prevenU'r than nickel, 
so that It has a greater tendency than nickel to tarnish. When alloyed with a little 
silver, it is used for plating the bright parts of bicycles, etc. An alloy of cadmium 
with 7 5 |>er cent, of silver withstands the intluence of the atm. lK*tU‘r than silver 
with an e<|. amount of copptT. A fraction of one per cent, of cadmium is ust*d as a 
deoxidiiwT in making bronze telegraph and telephone wirt's and cables in Franct* 
and Italv. It is also \ifu*d as a deoxidizer in making nickel alloys. A <admium 
baml on the haril-jai keted cartridge ball of small arms ammunition, is said to take 
the rifling with little wear on the barrel, and thus prolongs the life of the gun. 
('admium amalgam was formerly us<‘d by denli.sts for stopping teeth, (’admiiim 
sulphide is us4*d for making yellow pigments, ailt hough it is too costly for gemral 
consumption. 
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§ 7. The Atomic and Holecolar Weights o! Zinc and Cadmium 

J. J. B4T2Mdiu,s c‘.8tiniat4 d that the at. wt. of zinc ia about four tinics the hydrogen 
etj., .‘k'i, and zinc o.xidc, now symbolized ZnO, was symb(»lizf‘d ZnO.^- A nutidtcr 
approximating to 05 4 for the at. wt. of zinc is in agreement with Dulong aniJ Petit’s 
sp. ht. rule ; with Mitscherlich’s isomorphic rule ; with the periodic rule ; and 
with the vap. density of the volatile comiiOUQds of zmo-c.ej. according to V. and 
Meyer, 1 the vap, density of zinc chloride is of the order 131 2 to 13.‘i r), which is 
in agreement with the at, wt. 65’4 as the smallest value for the at. wt. of zinc. A 
similar conclusion follows from the vap. density of zinc ethyl, and other volatile 
zinc comjiounds ; and from the determinations of the mol. wi;. of zinc salts in soln. 
Similar remarks apply also to cadmium for the different proprties of this element, 
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and the vap. density of cadmium iodide, measured by A. Scott, corresponds approxi* 
mately with the at, wt. 112. 

According to 0. Meyer and co-workers, the vapOQT deu^ of zinc is between 2*36 
and 2'41, when the calculated value for a monatomic mol. is 2*25 ; H. Biltz obtained 
2*64 between 1732° and 1748°. H. von Wartenburg also measured the vap. density 
in argon between 1200° and 2070°, and obtained a mean value corresponding with a 
mol. wt. of 70*4. The monatomic nature of the zinc molecule is confirmed by 
A. F. Krafit and P. Lehmann’s determination of the b.p. of zinc in vacuo in the 
cathode rays. J. Traube also inferred that molt<m zinc has monatomic mols. in 
promixity to the b.p. This is also confirmed by W. Vaubel, and G. G. Longinescu. 
r. WaUhm also came to the same conclusion from his work on the surface tension. 
From the f.p. of soln. of zinc in mercury G. Tammann assumed that the zinc in soln. 
has monatomic mols. G. Meyer, and G. McP. Smith came to a similar conclusion. 

G. T. Heycock and F. H. Neville also measured the depression of the f.p. of zinc in 
molten cadmium, lead, or bismuth. According to W. Broniewsky, at the lower 
temp, the zinc mol, probably becomes more complex beeause, like iron, cobalt, and 
nickel, its dilation and electrical resistance change up to a definiU' critical temp, at 
which the mols. become monatomicv similar discontinuities are obtained with the 
thermal e.m.f. and the sp. ht, P. Walden obtained I f) for the association factor ; 
J. Traube, 1*0 ; W. Vaubel, 4*4 ; and G. G. Longinescu, 5*0. 

H. St. C. Devrile and L. Troost ^ found the vap. density of cadmium to be 3*94 ; 

H. Biltz, 4*34 to 4*38 ; the calculated value for a monatomic vapour is 3*87. G. Meyer, 
and H. Biltz and V. Meyer also obtained results in agreement with this assumption. 
A. F. Krafit and P. Lehmann assumed that the cadmium mol. is monatomic, from 
observations on the b.p. of the metal in vacuo when exposed to cathode rays. 
G. Meyer calculated the mol, wt. of cadmium from the ditlerence in poU-ntial of two 
amalgams of different cone, in a soln. of pota.ssium iodide, but F. Haber showed 
that it is not possible to distinguish by electrometry the difference in effects produced 
from monatomi(; mols. and the formation of complexes. W. Ramsay and 
G. McP. Smith obtained results in agreement with the a8aum])tion that the metal 
forms monatomic mols. when dissolved in mercury. G. Tammann drew a similar 
conclusion from the f.p. of soln. in mercury, and 0. T. Heycock and F. H. Neville 
from soln. in bismuth or tin. From ob8<‘rvation8 on the surface tension of fused 
cadmium, P. Walden concluded that the mols. of fused cadmium are probably 
monatomic. W. Broniewsky concluded that the cadmium mol. shows no associa- 
tion at —183°. P. Walden and J. Traube obtained 1*0 for the association factor; 
G. G. lionginescu, 3*0 ; and H. Siedentopf, 1*7. 

J. L. Gay Lussac ^ made the first determination of the at. wt. 6f zinc by oxidizing 
the metal in nitric acid and measuring the evolved hydrogen, but J. J. Berzelius, 
in 1811, dis.solved zinc in nitric acid, evaporated the soln. to dryness, and calcined 
the residue. The results correspond with the at. wt. 64*51. 

V. A. Jacquelain, in 1842, determined the ratio Zn : ZnO by converting the 
metal into nitrate, and igniting the nitrate for the oxide as done by J. J. Berzelius ; 
he calculated froD) the Zn : ZnO, 66*23. A. Erdmann employed a similar process, 
and obtained 65*05 ; H. N. Morse and W. M. Burton likewise obtained 65*46 ; 
and H. N. Morse and H. B. Arbuckle, correcting the results for the occluded gases 
in the oxide, obtained 65*46. H. Baubigny converted the anhydrous sulphate into 
oxide by calcination, and calculated 66*4 from the ratio ZnS 04 : ZnO. P. A. Favre 
dissolved a known weight of zinc in dil. sulphuric acid and burnt the resulting 
hydrogen to water. He calculated the at. wt. 65*99 from the- ratios Zn : H 2 : H^O. 
Like J. L. Gay Lussac, J. D. van der Plaats measured the vol. of the hydrogen 
evolved by treating a known weight of the metal with acid, and calculated the at. wt. 
65*48 from the ratio Zn : H 2 ; H. C. Reynolds and W. Ramsay employed a similar 
method and obtained 65*78. J. W. Mallet likewise obtained 65*53. P. A. Favre 
ignited zinc oxalate, and weighed the resulting carbon dioxide ; he calculated the 
at. wt. 66*02 from the ratio Zn0gO4 : COg. J. C. G. de Marignac analyzed potassium 
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sine chloride, K^ZnC^, and obtained 65 29 and 65 33 for the at. wt. of line. 
J. H. Gladstone and W. Hibbert determined the amount! of copper and eilver pre- 
cipitated from soln. of the respective salts by a given amount of tine, and from the 
ratio Zn ; 2 Ag, obtained 65*44 ; and from the ratio Zn ; Cu, 65*65. L. Meaglm 
likewise precipitated silver and gold from soln. of their salts, and obtained n^spec- 
tively 65*485 and 65*436. T. W. Richards and E. F. Rogers obtained respectively 
65*402 and 65*43 from the ratio ZnBr^ : 2 Ag ; and 6.5 406 and 65*43 from the ratio 
ZnBr^ : 2 AgBr. G. P. Baxter and M, R. Grose from the electrolysis of a soln. of 
zinc bromide with a meroury cathode obtained from the ratio Zn : Brj, 65*388 ; 
and likewise from the ratio Zn ; Clj, G. P. Baxt<*r and J. H. Hotigea obtained 65’, ’18. 

A. L. Bernoulli calcubkted 65*569 for the at. wt. of zinc from thermodynamical data ; 
and W. M. Watts 64*78 from the priod of vibration of the spectral rays. B. Brauner 
calculated 65*40 as the best representative value for the at. wt. of zine ; F. W. Clarke 
eomputtKl HTi 4182 with the probable error ±0*0CX)48 ; and the International Table of 
at. wt. for 1920 gives 65*37 for the at. wt. of zinc. The atomio numbtf is .‘10. 

F. Stromeyer * determined the at. wt. of cadmium in 1818 by converting the 
metal into oxide by ealeination, and ealeulaU‘d 111*49 from tin- ratio Cd : (MO. 
H. N. Mor.'M* and H. C. Jones, in 1892, converted a known weight of the mi‘tal into 
mtraU', and ealeined the prinluet for cadiuin oxide. They ealeulated t lu‘ at wt. 1 12*06 
from the ratio (M : CMC ; J. E. Biieher obtained at. wt 112 08 and 11 1*87 when tho 
nitrate was ealeined respectively in {xircelain and platinum dishes; 11. N. Morwi 
and 11. B. Arlmckle obtained 112*^. K. von llaimr convt'rted the anhydrous 
sulphate into sulphide by heating it in a stix>am of hydrogen sulpliiile, and from tho 
ratio (MHO 4 : (’d 8 calculated 111*91 for the at. wt. of cadmium ; K. A. Partridge 
likewm* obtained 111*76 by converting the sulphate into sulphide, and 111*64 by 
converting the oxalate into suljihide, (klC 204 : (MS. J. E. Bucher also obtained 
112*11 from the ratio CdC 204 ; CdS. W. Blum converted the oxide into sulphide 
and calculated 112*69 from the ratio (MO : (JdS. J. B. A. Dumas by titrating a 
fkiln. of a known weight of chloride with standard silver riitrat<*, obtained 112*31 
from the ratio (MOL : 2 Ag ; W, L. Hardin evaluated tho ratio (MBr 2 : 2 Ag by 
electrolysis and computed 111*98; A. K. Huntington also computed 112*23 from 
the ratio (MBfj : 2 AgBr, and 112*24 from the ratio CMBr^ : 2 Ag, J. E. Bucher 
computed 112^8 from the ratio (MOI 2 : ^AgO), and 112*39 fruui the ratio 
CMBr.» : 2 AgBr. G. P. Baxtt‘r and M. A, Hines analyzed the chloride gravi metrically, 
and from the ratio (MCU : 2Ag01 calculated 112 424 ; from tho ratio CM(3.i : 2Ag 
obtained volumetrically, il2*10t) ; G. P. Baxti^r, M. A. Hines, and H. L, Frevert 
likewiw; calculated 112 413 from the ratio (MBr^ : 2 ;\gBr, and 112 421 from tho 
ratio CJdBr^ : 2 Ag. E. A. Partridge obtained 1 11 80 from the ratio CdC-^O* ; CdO ; 
H. N. Morse and H. C. Jones, 112’()2 ; and J. E. Bucher, 111 * 88 . W. 8 . Lorimer and 
E. F. Smith calculated the at. wt. 112*06 from the ratio CMC : Cd obtained by the 
electrolysis of a soln. of a known weight of the oxide in one of potassium cyanide. 
W. L, Hardin likewise calculated 11206 from the ratio CdClji : Cd obtained by tho 
electrolysis of a soln. of the chloride ; G, P. Baxter and M. L. Hartmann, from the 
ratio CM . Clj obtained 1I2*4<)5 ; G. P. Baxter, M. R. Grose, and M. L. Hartmann, 
from Cd : Brj obtained 112*407 ; and G. P. Baxter and C, H, Wilson, from the ratio 
Cd : 8 O 4 obtained 112*409. J. E. Bucher converted cadmium into sulphate, and 
calculated 112*36 from the ratio CM : CdS 04 . L. Meaglia pn*cipitated gold from a 
soln. of sodium chloroauratc, and silver from a soln. of silver sulphate by means of 
cadmium, and from the two ratios calculated rospcctively 112*50 and 112*39. 

B. Brauner calculated 112*3 for the beat representative value of thii at. wt. of 
cadmium; F. W. Clarke, 112*402 ±0*0008 ; wnde the International Table for 1922 
gives 112*40. The aton^ Wlinber is 48. A. J. Dempster found that zinc consists 
of four isotopas of respective atomic weights — 64, 66 , 68 , and 70. The relative 
intensities in the same order are 6 : 7 : 10 : 1. From these atomic weighto of the 
isotopes and the proportions in which they oexjur in ordinary zinc, the atomic weight 
of the latter is calculated to be 65*5. F, W. Aston’s experiment with cadmium 
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vapour waa not auccessful, and the isotopes were not identified. A. C. Egerton 
obtained a partial separation of zinc by fractional distillation since the ratios of 
the sp. grs. of the two fractions to that of the original metal were respectively 
0*99971 :1 and 1*00026:1. 
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§ 8. Tho Preparation of Zinc and Cadmiom Oxides and Snboiides 

When zinc is exposed to air at ordinary temp., it is soon covered with a thin 
grey film which protects the metal from further oxidation ; molten zinc also rapidly 
oxidizes to a grey powder which soon forms the white oxide. J. J. Berzelius ^ 
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asgumcd that the grey powder u lino ioboiide, while H. Davy said : “ The grey 
powder formed upon the eurfac'e of melU'd eine, 1 am inclined to consider as a mixtUM 
of the white oxide with small particles of uuburiit rini'/’ J. L. Proust, and A. Vogtd 
also regarded it as a mixture of metal and oxide. H. 0. Schupphaus obtained a 
permanent canary -yellow powder by heating zinc oxide with caroon under press. 
The analysis showed that more zinc was pn^sent than corresjwnds to the normal 
oxide. It was also obtained by heating zinc oxide m vacuo, or in an atm. of purified 
nitrogen ; or by heating a mixture of zinc oxide and zinc under press. This product 
was thought to contain a suboxide, but is more probably a soln. of finely divided zinc 
in the oxide. L. Meyer and F. Binnecker assumed that an unstable zinc suboxide 
is formed as an intiTuiediatc compound when zinc sulphate acts as a stimulant in 
the oxidation of sulphur dioxide ; they applied a similar argum<>nt to od m io m 

sabozide. 

li. F. Marchand * obtained a green powder by heating cadmium oxalate to the 
m.p. of lead. Mercury extracts no metal from the product, and wln-n hcal<‘d in air, 
it vigorously oxidizes, forming a mixture of the brown oxide and the metal. 
Jl. F. Marchand’s analysis corresponded with cadmium h6mi0Zide» Cd^O. A. Vogel, 
however, n'garded the product as a mixture of the metal and of the oxid(‘, whieh 
contains a larger proportion of metal, the higher th«‘ temp, of decomposition. 
A. Souchay and E. Ismssen also support this view. F. Glaser found that acetic 
acid dissolves the oxide and leaves microscopic spherules of the metal ; nor (’ould 
he obtain any signs of the suboxub* by reducing the oxide in a stn^ain of hydrogen. 
M. S. Tanatar and M. I/'vin described a heimoxide, ('d^G, or maybe (’d;iGi;' ^ 

green powder which is produced by heating the basic oxalate, ^4 
It is said to be decompowd by water, and it apparently resembles the product 
obtained by U. F. Marchand. H. N. Morsi* an<l H. C. Jones iirepared wliat they 
regarded as cadmium subhydrozide, or cadmium moaohyorozide, ('dOJi, by 
w'ashing one of the so-called subhalides with warm water at a teni)). uot exc(*ediiig 
fit)'". The amorphous grey mass gives off hydrogen when tri‘aU‘d with hydrochloric, 
atul sulphuric acids, but with nitric acid, nitric oxkh* is form<‘d. When the dried 
product is heaU'd to about in a stream of nitrogen, a heavy yellow powder 
of cadmium liemioxide is formed in microscopic crystals. If the temj>. exceeds 
.‘MX) ', it is said that the hemioxide decompos(‘s into cadmium oxide and the metal. 
F. J. Brislee argued that cadmium hemioxide is the first product of the n'ductiun 
of cadmium oxide. If the reaction (MO-^Cd^O is fasU-r than the reaction C'doG-^t'd, 
th<‘re must be a break in the time-roduc- 
tioM curve corresponding with the exist* 
enc<‘ of (’d.jO. The curve, Fig, 23, shows 
a distinct break corresponding to the re- 
duction of cadmium oxide to the suboxidc, 

M. S. Tanatar claimed to have made cad- 
mium quadrantozide,Cd 4 (), by the caut ions 
ignition of cadmium oxalate in a stream of 
dry carbon dioxide. It is a green, amor- 
phous powder, which decomposes when 
treated with acids or ammonia into cad- 
mium oxide and metallic cadmium. It is 
slowly decomposed by water, and is stable 
in dry air ; its sp, gr. is 8177 to 8 207 at 
19“. When the suboxide is heated to the 
m.p. of cadmium in a current of carbon dioxide, it is converk-d ink a yellowish- 
brown powder which is a mixture of metallic cadmium and cadmium oxide. Calori- 
metric measurements showed that the sulioxide is not a mixture of ca/lmium oxide 
and cadmium, and it was concluded that the heat of formation of the suboxide, 
from cadmium oxide and the metal, is 7 Cals. If. G. Denham obtaineil a 5 per 
cent, yield of cadmium suboxide, CdjO, by M. S. Tanatar s and by H. N. Morse and 
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H. C, Jones’ methods ; he obt«incd s heterogeneous product containing cadmium 
and cadmium oxide by F. Glaser’s and F. J. Brislee’s methods. 

The white |)Owder which is deposited in the furnace outlets smelting zinciferous 
copper was known to the ancients. It is an impure zinc oxide, and probably con- 
tains arsenical oxides as well ; its more modern equivalent is t^y. Dioscorides, 
in his Dt mUeria rnedica of the first century, mentioned two kinds, pompholyx and 
ipodium. The former was white and light ; the latter is blacker and heavier. He 
said : 

In the preparation and [ierf<*cting of brans, white pompholyx is made every time that the 
artificer sprinkh^ powdered cadrnia upon the metal to mak^ it more perfect. The very 
fine soot which rises is called pompholyx. Other pompholyx is made from cadrnia by 
continual blowio(< with a Isdlows. 

It is here prolmhie that the zinc ore cadrnia was reduced to metallic zinc which 
then burnt to the oxide. Hence pompholyx was Dioscorides’ term for the white 
flowers of zinc, Jlores zinci, which he likened to wool, and which were for a time 
called lana philoHophica- [ihilosopher’s wool. The flowers of zinc were collected 
in an ajqmratus, which recalls that now employed for collecting arsenic oxide. 
Dioscorides eoiitimied : 

'i'hc furnace is constructed in a two>sioned building, and there is a medium-sized B[jerture 
opening to the upjicr chamber ; the building wall nearest the furnace is pierced with a small 
opening to ailinit the nozzle of the bellows. The building must have a fair-sized door for 
the artificer to pass in and out. Another small building must adjoin this ui which are 
the liellowH and the man who works them. Then the charcoal in the furnace is lighted, and 
tlio artificer continually throws bits of cadrnia from the place above the furnace, whilst his 
assistant, who is below, throws in charcoal, until all the cadrnia inside is consumed, lly 
this means, the finest and lightest port of the stuff flies with the smoko to the upper cbamb<*r, 
and adheres to the walls of the roof. The substance which is thus fonn«»d has at first the 
anpearanco of bubbles on water ; afterwords increasing in size, it looks like skeins of wool. 
The heaviest parts settle in the bottom, while some fall over and around the furnaces, ond 
some lie on the floor of the building. This latter part is considen'd inferior, as it contains a 
lot of earth, and becomes full of dirt. 

Pliny, in his Aafura/is hutoria of tho first century, seems somewhat confused as 
to the diflferenco between the two sjuseies pompholyx and sjwdos ; and he applied 
the term cadrnia to the mineral and to the flue-dust. G. Agricola covers much the 
same ground as Dioscorides and Pliny. The product was used for medicinal purposes. 
Marcus Polo also described the method employed by the Persians for making 
pompholyx and apodos. The resemblance between the zinc oxide obtained by 
combustion and flakes of snow led the alchemists to term it nix alba ; this term 
was mis-translatt'd into German as weisses Nichts, and the latter, translated back 
to Latin, became nihilum album — €,g. I. Lawson, Disfertatio de nihilo (London, 
1737). Flowers of zinc have also been called iiUia alexandrina. 

In 1810, A. Bruce * found a native manganiferous zinc ozide, ZnO, and he called it 
red oxide of zim, 0. Rose’s, P. Berthier’s, and A. A. Hayes’ analyses pointed in the 
same dirt'ction ; J. D. Whitney found samples of almost pure zinc oxide at New 
Jersey. R. Jameson, and C. C. Leonhard called it prismatic zinc ore ; A, Breithaupt, 
red Zinc ore ; F. Alger, stirlingite ; W. Haidinger, zinkite ; and J. D. Dana, zincite. 
Analyses have also been reported by W. P. Blake, 0. H. Stone, P. Grosser, 
J. A. Antipoff, G. L. Gorny, F. Rinne, H. Traube, A. Sachs, and J. T. Cundall. 
Crystallized zinc oxide was observed as a furnace product by J. F. L. Hausmann, 
A. Koob, A. L^vy, A. des Cloizeaux, J. J. Porter, F. C. Weber, G. Greim, K. Busz, 
W. V. Vernon, W. H. Miller, M. Delessc, J. W. Mallet, R, Cowper, H. Jordan, 
A. Laurent and C. Holms, F. C. Calvert, C. F. Rammelsberg, G. von Rath, H. Ries, 
L. Blum, and 0. Rose. In 1901, E, Wittich and B. Neumann found crystallized 
OZdiniwm oxide, CdO, occurring as etn neues Cadmium-minerai in the calamine 
mines of Iglesias (Sardinia). 

Zinc oxide is produced when the metal is heated in air ; the xinc takes fire when 
its temp, is high enough, part remains in the crucible, and part forms clouds of 
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oride ; the surface of the metal should be stirred from time to time and the woolly 
mass removed so as to exnoae a fresh surfai'e of metal. The product is rubbed up 
with water, and levigatea to free it from adhering grains oi metallic ainc. The 
resulting light flocculent powder forms the so-called llowers of fine. If the temp, ia 
not rais^ to the ignition point, the zinc furnishes the so-called grey suboxide, and 
finally the oxide. M. Ro^nfeld * said that the prestmre of magnesium or sodium 
favouied the combustion of the metal. Zinc sulphate, nitrate, hydroxide, or 
carboimte also furnishes the oxide when calcined. This furnishiw what was once 
called zincuni orydu/um mu humu/a paratum zinc oxide prt‘pared in the wet way. 
The carbonate Is precipitated by adding an alhali carbonate' to a soln. of a soluble 
zinc salt and well washing and dr}’ing the product. H. Brandhorst made the oxide 
by heating aimnonium zinc carbonate, ft. de Korcrand found zinc hydroxide is 
almost completely decomposed at 125^, and zinc nitrate at 3(K)'' for 2 hrs. H. Schulze 
calcined zinc chloride or iodide in a str«‘am of oxygen ; V. Thomas found zinc iodide 
is converted into the oxide at ordinary temp, when exjMxu'd nitrogen pi'roxide 
gas. C. Brunner calcincii a inixtim* of zinc suljdiate and wKliiim carbonate and 
extraf’ted the mass with water ; J. Vollianl calcined zinc chloride with mercuric 
oxide ; E. A. Parnell, and W. Hanipc and (’. Schnabel calcined a inixtuw of 
anhydrous zinc sulphate and carbon to alwuit Gr)<r. H. AlU'rti calciiu'd a mixture of 
heptahydrated zinc sulphate with calcium or barium carlionate. (J. K. (Jassel 
extracted zinc from its complex ore's witli Hul})hurous acid under pre.sH., cva|K)rating 
the solii. to dryness, and calcining the resulting ziim sulphite. When a soln. of 
sodium suljihate at 6(J'" is elcctrolyzt'd Ix'twcen zinc clectrcxlcs with a current of 
loot) amp. and 2 o volts, zinc sulphate is formed at the anode, and this reacts with 
the sodium hydroxide formed at the I'athodc, jiroducing zme hydroxide. This is 
then washed, dried, and ignited. 

G. C. Wittstein® rec’oinineiided distilled zine for the preparation of florrs :inci. 
H. W F. Wackenroder, F. P. Dulk, M. Horst, M. Veltzmann, and many others have 
dealt with the preparation of a highly purified zinc oxide vid humuin paratum. 
Commercial zinc oxide is also known as zinc white - hlunc de :i«c, zinc wem, snow 
white, Chiiicsc white, etc. It is largely U84‘d as a white pigment, and to a less extent 
in glazes and enamels. For many purjmst's, the physical character of the granules 
is of prime importance. For example, the covering power of zinc white when used 
us a paint is much greater when prepared by the combustion process, than when 
prepar'd by the ignition of the carbonate, etc. In France, the zinc or spelter is 
volatilized in a retort arranged so that the vapour is oxidized in a current of air, 
and the zinc oxide is collected in long w-ttling chambers provided with hopiicr 
bottoms through which the collected oxide can be removed. In Silesia, and in 
America, the oxidized vapour is collected into large chambers with moistened upright 
canvas bags which permit the passage of flue gases, but arrest the oxide of zinc. 
J. Thomson, J. E. Booge, etc., have described processes for the preparation of one 
oxide. 

Instead of oxidizing metallic zinc, several methods have been proposed for 
obtaining the oxide more directly from zinc ores. S, T. Jones, ^ for example, in 
1850, and S. Wetherill, in 1855, worked with franklinite from New Jersey. The 
ore is cone, by magnetic separation ; mixed with about half its weight of anthrMite 
coal, and possibly limestone ; and fed into a furnace, A blast of air is admitted 
to the furnace. The zinc is n^duced to metal, volatilized, and then burnt with a 
dazzling white flame. The fume is drawn away by suction fans, and passes im a 
brick tower where the heavier and less pure particles of oxide separate out. The 
fume is then blown by means of fans to a cooling room, where more settling occttm. 
The cooled fume then passes to the b^ rooms. The zinc oxide is afterwards graded 
according to colour and purity ; bolted through silk cloth ; and packed in baneli. 
Several other modifications of the process have been proposed. C. Kormotek 
recommended oxidizing the metal in a furnace like Bessemer s converter. A. 0. WaUter 
recommended the electrical precipitation of the dust of zinc oxide suspended in mr. 
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C^fltallused zinc oxide waa prepared by A. C. Becquerel ® in yellowish needlea, 
by melting alkali hydroxide with powdered zinc oxide in a silver crucible. A. Daubr6e 
obtained the crystals by passing the vapour of zinc chloride over lime ; G. Brugel- 
niann, by heating zinc oxide in a slow stream of hydrogen; H. V. Regnault, by 
passing st<*atu over red-hot zinc; F. Fouque and A. M. L6vy, by passing water 
va|)our over red-hot zinc chloride ; T. Sidot, by passing oxygen over the white-hot 
oxide ; W. Florence, by fusing the oxide in borax ; A. Gorgeu, by slowly heating 
a mixture of alkali and zinc sulphates ; by heating zinc nitrate ; or by fusing equal 
parts of potassium and zinc fluorides, and treating the resulting product with steam ; 
H, Moissan, by subliming the oxide in the electric arc furnace ; and V. Ijcpiarczyk, 
by heating to a mixture of zinc sulphide and ferric oxide with exclusion of 

air. 

The testing of zinc oxide for impurities and adulterations with barytes, etc., is a 
subject in analytical (‘hernistry.® F. Fuchs and F. Hchill say the yellow colour is 
duo to the jiresence of cadmium oxide ; and they added that the blackening of zinc 
oxide on exposure to light is said to be due to the j)resenee of zinc sulphide, and the 
blackening may be preventetl by a thorough cah ination, J. Cawley said the presence 
of magnesia hinders tin? bbekening. VV. W. Htoddart found traces of sulphate in 
commercial zinc oxide. F. 0. Doeltz and C. A. Graumann say the carbonat(‘ in 
zinc oxide is derived by ab8oq)tion of carbon monoxide from the air. K. Witte 
said pharmaceutical zinc oxide should not be made by calcining the nitrak', b«‘cau8e, 
aa H. N. Morse and J. White have shown, oxygen and nitrous gases are U-naciously 
occluded by tfie oxide }ireparcd from the nitrate. T. W. Richards also noted the 
absoqition of oxygen and nitrogen by ignited zinc oxide. Thus, a gram of zinc 
oxide at lost 0‘d7 c.c. of gas ; at to 0'.‘U c.c. ; and at 8iS()'', 016 to 

0'27 c.c. H. Pape removed lead oxide from zinc oxide by extraction with lime- 
water or milk of lime. 

F. Stromeyer noted that cadmiam oxide, C’dO, is formed when tlit‘ metal is 
heated in air. 11. V. Regnault also observed that the oxide is formed wlnm cadmium 
is heated in contact with the vapour of wah‘r ; if a current of steam is passed over 
the heated metal, the latter volatilizes below the tmup. of the reaetion. P. Sabatier 
and J. B. Senderens found that at finely divided eadmium is gradually o.xidized 
by nitrous oxide ; the metal simultaneously volatilizixs. J. A. W ilkinson obtained 
the oxide by the action of sodium peroxide on molten cadmium. C. Poulenc pre'- 
pared the oxide by nudting eadmium fluoride with alkali carbonate ; E. F. Smith 
and P. Heyl, by heating a mixture of cadmium chloride and mercuric oxide ; and 
J. K. Bucher, by the ealcination of the oxalate, W. S. Lorimer and E. F. Smith 
prceijiitaU'd the carbonate by adding ammonia and ammonium carbonate to a 
soln. of cadmium nitrat<‘ ; the precipitate was thorougldy washed with cold waUT, 
dried, and then iguiU'd. The oxide is also obtained by heating the hydroxide, 
nitrat<*, etc. G. Wertlier found crystals of cadmium oxide in the distillation vessel 
of a Silesian zinc retort. W. Florence obtained crystals by fusing the oxide with 
borax ; and E. W'lttich and B. Neumann obtained crystals of cadmium oxide as a 
sublimate by heating the metal in oxygen. H Sehiiier, and T. Sidot prepared 
crystals by heating the oxide while hot in a stream of oxygen. W. Herapath 
also obtained crystals of the oxide l>y heating the metal in a stream of air, in a 
glass tube. 


RRrBRJCNCKS 

1 J. J. Beruliru, Ann, Ckim. (1), 87. 140, 1813; SMMm Aiad. ffandi., 34. 175. 
1019; J. L. Prouat, Joum. 6d, 321, 1804; H. Davy, Elements of Chemical Philosophy, 
London, 1812 ; A. Vogel, Joum. jmUi. Chem., (1), 14. 107, 1838; R, Schiipphaufl, Joum. Soc. 
Chm. Ind., 18. 987, 1899 ; L. Meyer and F. Binnecker, Ber., 20. 3058, 1887. 

• R. F. Marchand, Pogg. .4««., 88 . 145, IKW; L. Meyer and F. Binnecker, Ber., 20. 3058, 
1887 ; A. Vogel, Joum. Pharm., (3), 28. 356, 1866; F. Olaaer, Ztit. anorg. Chem., 86. 16, 1903; 



ZINC AND CADMIUM 


509 


M. 8. TanaUr, ib., 27. 432, 1901 ; M, 8. TauatAr «ml M. l^nvin. Jtmm. JftuM. /’Ay«. Cbtm. Sne., 24. 
495, 1902; A. Soachay ajid K. Lpruuon, LtelMff'A .-Ihn,, lOS. 314, 1857; 11. N, Moiw and 
H. C. Jon«i, Amer. Chem. Joarfi.. 13. 488, 1890; F. J. Joum. Ckm, Soe., 23. 154, 1903 ; 

H. (J, Denham, i5., 115. 55*1, 1919. 

• G. A^ioola, J)e re metatlicn, ItaMtl, 1540; IH mtura fouilivm, Ilaiil, 1540; K. D. von 
Ijppmann, AhktndlMngtn und Vorlrd^e :ar (Itschickte der Satunni»(H»cbaJtft^, Ijeipwtf, 2. 264, 
1913. 

* A, Bruee, Amer. Miit, Journ.^ 1. 90, 1810; P. Berthier, Ana. uVtHse, (1), 4. 483, 1819; 

A, A. HftVM, Amer. Journ. Srienee, (1). 48. 261, 1845; F. a Calvert, ih., (2), 28. 185, 1857 ; 

II. Rieii, ih.. (3), 48. 250, 1894 ; J. W. Atallot. i5., (2), 28. 184, 1857 ; W. P. BUIce. i5., (2), 81. 
371, iHtil ; J/iniiig Mag., 2. 94, 1860 ; G. H. Stone, Sekoal Minee Qutirl., 8. 149, 1887 ; I*, (trosw, 
ZeU. Kryst., 20. 3.W, 1892; Her. Oberheu. Uts. Nat. Heilk , .59, 1SS0; tl. (Jreim, (ft,, 410, 
1889; K. Bu«x, i6., 15. 01^, 1889; J. A. Antipoff, Journ. JiMte. i/tn. Snc., 88. 41. l9tN); 
I!. L. Ciomv, Zeit. praki. Oeol., 427, 1904 ; F. Rinne, SekeeJahrh. JUtn., ii, 105, 1884 ; F. (’. Welier, 
ib., 82, 1859 ; H. 'rraubo, NeueeJahrb. Min. H.B., 9. 149, 1894 ; A. Sachn, tVair. .Win., .55, 11H)5 ; 
J. T. Cundali, 3/in. May., 9. 5, 18tK>; R. .lameoon, A Syefetn of Mineralogy, ]<}<iinliiiryh, 235, 
1821 ; ('. C. Leonhard, Hnndbuch dtr Oryktogimone, Heidelberg, 312, 1821 ; A. Rraitliaupt, 
VtJUiandiges CharakUriAtik der Mineral eyMeme, Drf««len, 107, 1823 ; F. Al^er, Trmiiee on 
Mxnernhigy, Boston, 505, 1844; W. HauhnRor, Uandhurh der heMimmtnden Minemhxjie, Wien, 
.548, 1855; J. D. Dana, A SyMem of Mineralogy, New York, 110, 18.55; .1, F. L. llauMinann, 
('(tmmeni. Soe. (idttingen, 4. 59, 1817 ; A. Koch, Bextrage :ur Kennini/xe der kryehUogmnhitchen 
flQlknprodukten, CiOttingen, 24, 1822 ; A. do* Cloir.ea«x, Ann. Mxne.n, (4), 1. 488, 1842 ; A. Ji6vy, 
ib., (4), 4. 517, 1843; G. Rose, Ikis krysUiUoehemiarke Minerahyetem, Ijcipiig, 05, 1852; 
.). 1). Whitney, Pogg. /Inn., 71. 109, 1847 ; C. F. Rainmel*l>org, i5., 64. 187, 1845; (J. vom Rath, 
xh., 122 40tl, 1804 ; 144. .50.3, 1871 ; K. Wiltich and B. Neumann, Centr. Min., 550, 1901 ; CAam. 
Ztg ,25 .5t‘»l, 11 K )1 ; }i\. Sur retnfdox de ranalyeechxmiqve doneles rerkerrhee de minfrnl/jgie, 

l‘nn«, 50, 1843 ; W. V. Vernon. Phil. Mag., (2). 7. 401, 18.30; R. CowjM-r. ib., (4). 50. 414. 1875 ; 
W. H. Miller, xb., (4), 16. 292, 18.58; H. .Ionian, Siltber. Akad. H?>n, 11. 8, 1853; New .Jersey 
Zinc Co . lint. Pat., No. 1011.5tl, 1921 ; G. Ijicroix, Bull. Soc. Min.,26. 184, 1!K)4; J, ,J. Porter, 
Nbihl Pieen, 24. 13.59, 1904; W. and T. Herapath, Journ. (’hem. AV., 1. 42, 1849; A. J^iuront 
and C. Holmn, .Inn, Chiin. Phye., (2), 60. 3,33, 18.35; L, Blum, OfMer. Zext. Berg, llmt., 47. 443, 
I89<t. 

» A. Ditto, Cxmrpl. Pend., 72. 702. 1871 ; 72. 8.58. 1871 ; 73. 108, 1871 ; F. Gramp, Ber., 10. 
i(»84, Ih 77 ; M. Rosonfeld, %h., 16 2751. 188.3 ; Zeit. phyr. Chem. Unierr., 6. 190, 1893 ; L. Semen* 
tini, Bibl. lirxtannxgue, 51. 232, l8l2 ; J. Nickl^s, Ann. Chim. Phy«., (3), 22. 31, 1848 ; H. Brand* 
horht, Zext. angexo. Chem., 17. 51,3, 1904; R. de Forcrand, Ann. ('hxm. Phxfe., (7), 27. 3(1, 11»02: 
11. Schulze, Journ. prali. Chem., (2), 21. 407, 1880; R. Alberti, derman Pat,, D.li.P. 80751, 
1894; C. Brunner, Point. Journ., 160. .370, 1858; .1, Volharrl, Liebig' $ .4nn., 196. .331, 1879; 
W. Hampf? and C. .Schnalx*!, derman Pat., D.H P. !».3.3I.5, 1890 ; E. A. Parnell, Brxt. Pat. No. 3237, 
1878; G. K. Casscl, SxceAxeh Pat. No. 21445, HK)5 ; Syndicat pour 1’ Exploitation doa Jnventiona 
du Professcur (hdtli, French Pat, No. 328494, 1903; V. Tliomn.i, Bull. Soc, Chim, (3), 15, 
10!H», |Mi»0. 

* G. C. VVitlatein, Heperi. Pharm., 55. 193, 1830; 65. 218, 1838; .1, K. Herberger, ib., 48, 
.382, 18.34; T. W. C. Martin*, xb., 41. 203, 18.32; G. Fmlerking, ih., 66. 72, 18.30; AI. Horat, 
Brundejx' Arrhir , 7. 75, 1824 ; II. W. Greve, ib., 22. 40, 1827 ; K. S J,. Hermann, Schutigger' » 
Journ., 46. 249, 1820; K. Schindler, Mag. Pharm., 26. 74, 1829; F. P. Dnlk, Berlin Jahrh. 
Pharm., 24. n, 74, 1823 ; M. Voltzmann, ib., 29. 21. 59, 1827; H, W. F. Wockenroder, Liehig'n 
Ann., 10. 03, 1834 ; 11. 151, 18.34 ; 42 348. 1842 , C. L. .Marquart, xh., 7. 20, 1833 ; W. Welcher, 
xh., 4. 84, 1832; G. Bonnet, xh., 9. 10.5, 1834; E. Donern.*, Journ. Pharm., (3), 6. 70, 1844; 
iJ. B. Trommsdorff, Taechenhuch fQr SeheideiUnetler, 44. 1, 1823 ; H. Sebmidtmann, dernmn Pat., 
P.Ii.P. 21087, 1882; S. J. Thoma*, ib., 854, 1870; F. EllemhauNon und K. W. Woatern, i6,, 
151022, 1902; A, M, do M^ritons, French Pat. No. 216613, 1891 ; A. Kybert, xb., 348294, HHH; 
W. Stahl, Berg. HftU. Ztg., 53. 1, 1894 ; 67. 1, 1888 ; E. .lenach, Zext. angexr. Chem., 3. 13, J8IH) ; 

G. Rigg, Fng. Mxn. Journ., 75.626, 1903; W h. (i)ur»en, U.S.A. Pat. No. 1372480. 1921; 
J. ThoniMm, xb., 1425917, 1425918, 1922; J K Booge, ib., 1420349, 1922. 

’ S. Wetherill, U.S.A. Pat. No. 1.3806, 18.55; W. V. Gordon, Fng. Min. Journ., 83. 103.3, 
1907 ; G. Darlington, Mxnxngand Smelting Mag., 8. 33.5, 1803 ; H. Harmel, German Pat., D.H.P. 
11197, 1880; R. Seiffert, ib., 2104.59, 11K)5; E. Vuigner, ib., 212897 1906; W. Witter, ih., 
209244, 1907 ; K. Kaiser, ih., 162702, 1904 ; F. C. Glaser, xb., .31716, 1884 ; M. A. J. Roux ami 
J. M. A. DeBmazures, i5., 82099, 1895; C. Kormurek, ib., 10079, 1880; JJxngler's Journ., 288. 
96, 1880; W. B. Middleton, Brit. Pat. No. 12274, 1901 ; C. Omtardo, t5., 26090, 1902; W. and 

H. Simm, R. Storley, and J. S. Sellers, xb., 4058, 4059, 1904 ; W. and Jf. Sirnm, ih., 21787, 1906 ; 

B. Blount, Chem. Ztg., 17. 918, 1893 ; 8. T. Jones, U.S.A. Pat. No. 1.34.31, 13332, 1865; 
A. 0. Walker, Berg., IIM. Ztg., 44. 253, 1886; A. Salgu^a, French Pat. No. 3.30666, 1903; 
Z. Poui, L'Ind. Chim., 6. 189, 205, 1904; K. F. Ihirre, Zeit. deut. Vtr. Ing., 88. 184, 1894; 
W. Stre^er, Berg. Hm. Jahrh., 27. 344, 1879; H. 'i'aiiiami and M. Sawofla, Japan Pal. No, 
39786. 1921. 

• A. C. Bocqocrel, Ann. Chim. Phy$., (2), 61. 106, 18.32; H. V. Regnault, ib., (2), 62. .360, 
1830 ; H. Moissan, ih., (7), 4. 136, 1896 ; H. St. C. Deville. xh., (3), 48. 477, 1855 ; A. DauVir#is, 
BuU. OM. Soc., 7. 267, 1849 ; Campt. Rend., 29. 227, 1849 ; T. Sidot, ib., 69. 202, 1809; A, Gorgeo, 



510 


INOROAKIC AND THEORETICAL CHEMISTRY 


to*. 120, IW7 ; M. Sm. JTmi., 10. 36, !8«7 ; W. Florence, Seues Jahrh. Jfin.. U, 133. 
a BrflgeteMMin. Zeit. ana/. CAem., 19. 28.1, 1880; WUd. Ann., 2. 466, 1877 ; 4. m, 18^ 
V, LepbrecTk, BeitrSgt xw (JAmie dei ZinkhManproaessts, Berlin, 1908 ; Md., 6. 416, 1909 
F. Fouqti^ and A. M. l^vy, Synthiu da minimux et da rocha, Parie, 384, 1882. 

• O. H. Hnwt, Painter*' Colours, Oils, and Vaf%ishes, London, 62, 1896 ; C. D. Holley, The 
Load and Zint Pigments, New York, 1909 ; F. Fueha and F. Schiff, Oester. Zest. Berg. Hlitt.t 44. 
29, 1896 ; W. W. Wtoddart, Analyst, 2. 113, 1877 ; H. B. Thornton, Pharm. Joum., (3), 19. 321, 
18M { F. 0. Doelta and C. A. Oraumann, Met., 8. 212, 1906 ; L. de Koninok, Stahl Exsen, 26. 
722, 1906 5 R. Witte, AixAh. Ztg., 18. 460, 1913 ; C. von John and H. B. von Foullon, Berg. HiUt. 
Ztg., SB. 90, 1893 ; T, W. Rioharda and E. P. Roqera, Proc. Amer. Acad,, 28. 200, 1893 ; Chem. 
Nsufs, 88 . 240, 260, 1893 ; Amer. Chem. Joum., 16. 667, 1893 ; T. W. Richarda, ib., 20. 701, 1898 ; 
H. N. Mono and J. White, ib., 14. 314, 1892 ; H. N. Morac and H. B. Arbuckle, ib., 20. 196, 
1898; J. Cawley, Chem. Neu)S, 68. 88. 1891 ; H. Pape. Cenmn Pat,, D.R.P. 354096, 1917. 

F. Stromeyor, Schteeigger's Journ., 22. 362, 1817 ; P, Saliatier and J. B. Senderena, Bull. 
8oe. Chim., (8), 18. 871, 1895 ; H. V. Regnault, Ann. Chim. Phys., (2), 62. 350, 1836 ; C. Poulenc, 
ib., (7), 2. 39, 1894 ; J. A. Wilkinaon, Journ. Phys. Chem., 18. 705. 1909 ; E. F. Smith and P. Heyl, 
ZeU. anorg. Chem., 7. 82, 1894 ; W. 8. Lorimer and E. F. Smith, th., 1. 364, 1892 ; J. E. Bucher, 
An examination of some methods employed in determining the atomic weight of cadmium, Baltimore, 
1894 ; K. Wittich and B. Neumann, (Jentr. Min., 550, 1901 ; W. Herapath, Phil. Mag., (1), 64. 
321, 1824; W. Florence, Neues Jahrb. Min., ii, 137, 1898; (i. ^vr^er, Joum. prakt. Chem., 
(1), 66. 118, 1862; K. Schuler, Liebig's Ann., 87. 34, 1853; T. Sidot, Compt. Rend., 69. 
201, 1860. . 


§ 9. The Properties of Zino and Cadmium Oxides 

The colour of native zinc oxide varies from dark red to blood-red which in thin 
platefl is dark yellow ; the pigment is attributed to the prewmce of manganese oxide 
as an impurity. The artificial oxide appears as a whitt* flocculent mass which 
acquires a yellow tinge when the temp, is raised, but the white colour is restored on 
cooling. According to A. Vogel, Hho change is not connected with either the evolution 
or absorption of oxygen. The yellow tint sometimes exhibited by the artificial 
oxide is considered to be due to the presence of foreign oxides— F. Fuchs and 

F. Schiff said cadmium—but B. Jensen regarded it as characteristic of the oxide 
prepared by precipitation and ignition. H. W, F. Wackenroder stated that the 
dense oxide precipitated from hot soln. and eontaining traces of sodium chloride or 
8ulphat<< is not yellow, whereas the higher oxide j)n'cipitated from hot soln. and 
afterwards ignited, has a yellow tinge when cold. R. de Forcrand noted that the 
crystalline powder obtain(‘d by heating the nitrate to 3.50° has a greenish-yellow 
tinge. R. ^’fiindlor said that the yellow oxide lo8<’8 its coloration after it has been 
strongly ignited on platinum. W. Herz and E. l)i»*8el made a similar observation. 
J. Tafol found purified and dry colourless zinc oxide is coloured browm by strongly 
rubbing, by prt'ss., or by exposure to canal or cathode rays ; the colour is removed 
by strong calcination, (^admiuiu oxide varies from a yellowish-brown to a 
brownish-red, purple-red, dark brown, or bluish-black powder. K. Badeker 
oxidized the film of metal obtained in a glass discharge tube near the cathode, and 
found it to be orange-yellow at ordinary temp., and brown when hot. He says that 
under the microscope, the layer is a continuous film. According to H. Laspeyres, 
the crystals of zincite have a feeble pleochroism. R. Whytlaw-Gray and co- 
workers studied the aerosols or smokes of zinc and cadmium oxides. 

y. KohlschUtter and J. L. Tiischer found that zinc and cadmium oxides can be 
obtained in a highly disperse form by vaporizing the metals in an electric arc ; 
suddenly chilling by a current of cold air ; and precipitating the fume by means of a 
high tension electric field. Zinc oxide, zincite, or red zinc ore forms hexagonal 
bipyramidal Oiyitabl which, according to H. Traube, have the axial ratio 
a : o=®l : 6()77. The forms of the crystals have also been studied by J. Antipoff, 

G. T. Prior, H. G. F. Schroder, A. L6vy, J. Schabus, F. Rinne, G. Greim, K. Buaz, 
G. Cesaro, A. Hutchinson, H. Kies, A. Sachs. J. F. L. Hausmann, A. des Cloizeaux, 
P. Grosser, and F. Sandberger. Cadmium oxide ciy'stallizos in the cubic system ; 
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T. Sidot’s oxide is io the form of small cubes ; both H. Moissan, and G. Brilgelma&n 
obtained bexahedral cr^^stals ; and A. Ditte, and K. Sehutlsr obtained ne^le-like 
crystals or octahedral forms ; G. Poulenc, brown pistes ; and K. Scbiiler, a dark 
bluish-black powder of microscopic octahedra. Similar forms were observtHi by 
K. von Hauer, G. Briigelmann, and B. Neumann and E. Wittich. G. Wertber 
obtained combinations of tcsseral octahedra and icositetrahedra, and of cubes and 
dodccabedro. W. L. Bragg showed that X»radiocraii]l of zinc oxide indicate that 
the zinc atoms are arranged on two hexagonal space -lattices with their otntreia 
corres}>onding closely with those of a set of equal spheres in hexagonal close packing. 
The corresponding axial ratio is a : c -1 : 1*632, while the observW value is 1 : 1*6077. 
The positions of the atoufs are identical with thosi‘ of the hexagonal close-packiHl 
arrangement of spheres if the latter b«' suppost'd to contract in the direction parallel 
to the hexagonal axis so as to reduce the c:o ratio from l*(vl2 to 1*6077. The 
oxj'gen atoms an' probably on two hexagonal space-lattices identical with thow' on 
which the zinc atoms are situated, and derived from the latt<'r by a movement of 
translation parallel to the c-axis. This brings every oxygen atom into the cent re of 
four zinc atoms arranged at the corners of what is very nearly a rt'gular Odralu'dron. 
This is illustratiHl in Fig, 24, when* the black spots indicate zino atoms, and the 
circles, oxygen atoms. G. Arainoff, and 
W. L. Bragg comiiuted that the elementary 
parallelopiped has sides rt"=3*22 A. and 
0^5*20 A. J. A. Hedvall, and G. AminofT 
studied the X- radiogram of zinc oxide ; and 
W. P. Davoy and E. 0. HofTiiian that of 
cadmium oxide. W. P. Davey found that 
cadmium oxide exhibits the simple cube 
lattice with sides 4*61 A., and the clow'st 
approach of the atoms, 2*30 A. M. L. 

Huggins made observations on this subject. 

F. Kinne studieil the corroa,OQ flgorttl ; 
and H. Traubc the pyro-electridty of crys- 
tals of zincite. 

The reported numbers * for the Specific 
gravity of zinc oxide range between U. 

Bdttger'fl 5*432, and 0. J. B. Karsten’s 
5*7344 ; H. G. F. Schroder’s mean is 5*65. In addition, G. Briigelrnann gave 5*47 
at IS'’ for the amorphous oxide, and 5*782 at 15'* for the crystalline oxide. W. P. 
Blake’s value for zincite is 5*6^4 ; and B. Madelung and H. Fuchs’, 5*5783 (0®). 
C. J. B. Karstcn gave 6*9502 for the sp. gr. of cadmium oxide ; W. Herapath, 
8*183 at 16*5®; and G. Werther, 8*1108. The haidnem of zincite is between 4*0 
and 4*5 ; that of cadmium oxide crystals is about 3*0. A. Iteis and L. Zimmer- 
mann have discussed this subject, E. Madelung and K. Fuchs gave 0*77 Xl0~^ 
megabars per sq. cm. for the OOmprenibiUty of zincite. 

H. Fizeau 3 gave a ==^>*000003 16 for the ooeffidant ol thermal eipansion of 
zinc oxide, and H. Kopp gave a~0*000004 for the coeil. of linear and 0‘0fJ(X)16 for 
the coeff. of cubical expansion. H. V. Kegnault gave 0*1248 for the ipedfic beat 
of zinc oxide between 17® and 98® ; measurements at a low temp, were made by 
A. Magnus. The oxides of zinc and cadmium are highly refractory towards heat, 
R. Cui^k gave 1260® for the twdting p(fix^ of red zinc ore. H. Pajie found that the 
oxide sintered before it fused. 

The TCfiatfiity of zinc oxide is marked at a white heat. T. Sidot * also reported 
the volatility of cadmium oxide at a white heat. R. de Forcrand said that no 
volatilization or dissociation occurs at a bright red heat ; nor did A. A. Ritad detect 
any change when zinc or cadmium oxide is heated to the m.p. of platinum. H. Hasen* 
clever and C. Stahlschmidt found that zinc oxide b^ins to volatilize at about 
970®, and at 1054® it lost 16*9 to 17 8 pet cent, in weight when heated for 30 mins. 
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in s stream of carbon monoxide. The oxide made by roasting zinc blende does not 
volatilize appreciably at 970®, but does so at 1054°. K, 0. Doeltz and C. A. Graumann 
obtained r8th(?r lower values for the volatility of zinc oxide. They said that the 
volatilization is inappreciable at 100^)°, but begins at 1200° ; at 1300°, the 
oxide lofR'S about one per cent. ; at 14(X)°, 13 per cent. ; and at 1700°, the volatiliza- 
tion is very rapid. They added further that some reports of loss by volatilization 
when zinc oxide is calcined in air may be really mal-observations due to the expulsion 
of a little absorbed carbon dioxide ; and that the oxide which has been calcined 
in air for an hour at KXK)®, lo8<}s 0‘()6 to 0 09 per cent, when recalcined for 2 hrs. at 
the same temp. ; and the oxide which has been calcined four times at 1(XX)°, loses 
014 to 018 per cent, when again calcined at 1200° for 2 hrs. 0. L. Kowalke reported 
that zinc oxide may he complettdy volatiliz<‘d between 1370° and 14W°. F. 0. Doeltz 
and (>. A. Graumann not<‘d that cadmium oxide volatilizes below 10(X)°. J. C. G. de 
Marignac, and A. Erdmarm obwrvcd that when zinc oxide is heated in a platinum 
crucible by a gas-flame, a film is fornied on the inside, and the former assumed that 
thf! zinc oxide is dissociated and that the zinc alloys with the platinum ; but H. N. 
Morse and W. M, Burton said that reducing gash's pass through the metal crucible 
and by reducing the oxi<le liberate the metal, whi(‘h then alloys with the platinum. 
H. St. 0. Deville and L. Troost sublimed zinc oxide in a stream of hydrogen, and 
concluded that tin; oxide is first reduced by the hydrogen, forming water, and that 
the metal is then oxidized by the wat<*r, reforming the oxide. No sublimation 
occurred in a stream of inert gas. II. N. Morse and .1. White at first attributed the 
apparmit volatdization to alte^nat«^ reduction and oxidation of zinc oxide when 
heated in a stream of hydrog<*n. They found the oxide does not sublinu* when 
heated in vacuo, but it does so when heated with zinc. Lat<'r, they attributed the 
apparent volf^tilization of zinc oxide from a mixture of the metal and the oxide to 
the mechanical transjiort of particles of the oxide with the zinc vajiour, for they 
found that jiowdered porcelain, or barium carbonab*, is similarly transported without 
change of coniposition. Similar remarks apply to cadmium oxide. II. Mois.san 
obtained a sublimate of ncedic-like crystals of the oxide in the electne-arc furnace. 
(J. Zimghclis claimed to have obtained evidence of tlu' volatilization of zinc oxide 
at ordinary bunp. W. Stahl estimab'd tlu* dissociation pressure, p atm., of zme 
oxide to he : 

•227* 1227" 1727" 2227" 2727" H227" :M27’ nr.27" 3i(27" 

p . 0()„l33:i 0(),»;m2() OO, 69489 0()*73r)8 00,3057 002305 0 09784 0 1885 0 3617 

and the dissociation press, of the. oxide is eijuul b) the partial press, of atm. oxygen 
at 3544", According to A. (/\)lson, cadmium oxide dissociab*s below tHK)' , and the 
volatilized film of cadmium forms in transmitted light a violet-blue film on the 
walls of the gla.ss vessel. 

J. Thomsen ® gave the heat of formation of zinc oxide (Zn, 0) as 85-43 Cals. ; 
C. M. Despretz, Ha-fK) (’als. ; M. Berthelot, 85 40 Cals. ; P. L, Diilong, 84 408 Cals. ; 
T. Andrews, Bfi iH) Cals. ; P. A. Favre and J. T. Silbcrmann, 84‘5() Cals. ; 
T. Woods, 85’50 Cals. ; and M. Delcpinc and L. A. Ilallopeau, 84-80 Cals. R. de 
Forcrand gave for the heat of formation of zinc oxide, jirepared from the nitrate* 
at 125°, 82'97 Cals. ; and pr<‘])ar('d from the nitrat-e at 350°, 83*00 Cals. A. Ditto also 
found different values for tlie heat of formation of the oxide w^hich has been calcined 
at different t-emp., as shown by the heat of soln. in dil. sulphuric acid, but J. C. G. do 
Marignac failed to confirm this observation. The results per gram of zinc oxide, 
calcined at : 

J. C. O. df MwIcqiic. a. Ditto. 

350° 261 244 -2 cals. 

Dull redness .... '266 272 0 „ 

Bright retlness .... 264 299*3 „ 

R. do Forcrand gave for the heat of soln. in dil. sulphuric acid, 25*24 Cals, for zinc 
oxide obtained by calcining the hydroxide at 125° ; 25*21 Cals., by calcining the 
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uitrate it ; 23 5)1 Calu., by calcining at bright wdncas tJic pa»eimtat<>d hydroxide ; 

and 23'51 Cala., by the couibuatjon of wno. Pacipitat-ed nine hydroxide has a lieat 
of aoln. in dii. hydrochloric acid of 20*23 CaU. A. Dittc also found that the heat 
developed in the solu. of a gram of cadmium oxide, obtained by calcining the nitrati', 
in dil, sulphuric acid, containing ,’t82 r) grm.s. HaSO^ per litn‘, w 225> l> cals., or 
14'238 cals. |X‘req. ; while the heat developed from the oxide obtained by the com- 
bustion of cadmium, or tlie calcination of the carlnmate, is 231 1 cals, jier gram, 
or 14 513 cals. p<T eq. W. Ilcrx was unable to establish the exisUuice of allotmpic 
forms of zinc oxide. G. litKllander calculated the fn“e energy of the rt'acition 
Zn l-AOg — ZuO to lx* 858(»li .‘iU'87'' -f “2 25t7' log p eals. per mol. where p is the press, 
of the oxygen in the atm, 31. Itcrthelot gave (KI I Cals, for the heat of formation of 
ca<ltmum oxide ; J. Thomsen, 05 78 Cals , and \V. Miiller-Krzbiu h gave {>5 0 (.'als. 
A. I)ittj» gave ((.’d. 0), GO 8 Cals, and for the transformation of amorphous into 
crystalline cadmium oxide, U 54n Cal. H. de Fon rand, and N. von Klolmkoll also 
measured the thermal etiect in pas.sing from the amorphous to the i rystalliiK' state. 
J. Thomsen found for the heat Of neutralization of zinc hvdruxldc Zn{011)„ | II 2 SG 4 
aq , 23 41 Cals , ZnfOlD.^-f IfHNtls aq , 11»\S3 Cals. ; ZiKOll). }-2HCl liq., 15188 
Cals.; and ZnfOHl^i^CHjtJOOH aq., 18 o3 Cals. A. l)itt<\ and M. llcrthelot 
measured the heat of neutralization of cadmium oxide in dil. Miljiliiinc m id ; and 
J. Thomsen found (Zn, 0 , lIoS 04 aipl -1U(>(I5 Cals. J. Th<unscn gave for the heat 
of neutralization 1C(I(()H).», 2 liCI, II^OJ, 2025i Cals.; (Cd(()li).,, 2 llHr, H.,l)I, 
21T.G Cals : and iCdfOlllg” 2H1, H.O), 2121 ('ak ; fZii, 0 , 2 HN();,. aq.j. lo2'5i 
Cals. The heat of hydration of zine oxide, according to J. Thomsen, is | Zn, 0 , ILOJ. 
82 G 8 Cals ; (ZnO, H^O], -~2’75 Cals.; and for cadmium oxah* [t.!d, U, 

()5*ti8 Cals . or [CdO, H^Ol, — UTO Cal. 

Acc'ording to A. iles Cloizeaux,® the crystala of zmciti* have a positive double 
refraction, and the subject ha.s been investigat«‘d by (1. Cesaro, A, Breithaupt, 
and .Madi'lung. W. W. Coblentz ^ found that /mciU* bad a poor rcliecting power, 
and the selective rcllection spectrum exhibited no bands; he al.M) examined the 
emission spectrum of the heated oxid**, and found a uniform distribution of energy 
in the infra-red, with a depression in the emixsivity wave-h ngtb cuive at 3 2 / 4 . Zinc 
oxidt- emits an intense light when heated in the bIowpip<< llaiue, T. Driiimnond 
found that if u.scd in pla<‘e of lime for the liin<*light, the iiitcn.Hitv of the light wa.s less 
than that of magnosu, and theoxide rapidly wasted away. The thermo-luminescence 
of zinc oxide above 880' has been studied by K, L. Na hols and B, W. tSnow. 
E. L. 3*ichols and Jj. T. Wilberfound that, like caleium o.\i(i<-, zinc o.Nide exhibits 
flame luminescence. E. L. Nichols showed that pun- zin<- oxide does not. exhibit 
photo-luniine.sconc(*, nor is it excit 4 -d by X-rays; but it is liiiiiiin‘hci-nt above 
red heat - a red band apfx'uring at about 568 ', and at 7 tH) this is dixplaci'd by a 
yellowish-green band wlin h ili.sajqiears about 5t40'. ('adiiiium oxide gave no llarne 
phosphon'scence. According to E. L. Nichols, at 1000 , in the oxy hydrogen llarne, 
zinc oxide appears blue, not red. Acconling U) W. Wnoi. zinc oxide gradually 
lotw’s it.s Huore.s^eiit (jualities in the canal rayS, and at the sain<* lime accjiiircs u 
yellow colour, and, m’cordmg to J. Tafel, is ilenser. According to 11. Jackson, the 
Huorescence of purified zinc oxide also occurs under the inlluene^* of the cathoda 
rays. J. Ewies found the minimum voltage for the excitation of the cathodo- 
lumineacence to range from 400 to 850 wdth different samples of zinc oxide. The rays 
of radioactive bismuth- -polonium — were found to give an mtemw} phosphorescence 
with zinc oxide. According to W. Wien, the canal ray fluorescence is not exhibited 
by zinc oxide priipared from the hydroxide precipitated with sodium carboiiatt'. 
J. A. Wilkinson examined the luminescence of cadmium oxide, ami cadmium salts. 
E. Wiedemann and G. C, Bchrnidt also found the intensity of the luminescence to 
be dependent on the acid radicle. G. G. 8 chinidt attributes the yellow or yellowish- 
green flnOfasoanOB of zinc oxide to traces of cadmium ; when the latter is removed 
by fractional distillation, the, oxide does not fiuoresci*. E. Gold.*»k*ir found the 
presence of 0'(J(X)0Cl01 part of foreign metal to be effective in the production of tiie 
VOL. IV. 2 L 
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cathodic Mniinesccnce. When zinc oxide preparations are illuminated with vttct* 
fiol0t layif a limiineMcence is displayed which increases to a inaxiinum, and on re> 
moving the exciting rays, the luiuinescence diaappean), but a weak and transient 
phosphorescence appears. The wave-length of the luminescence is in the region 3(X>- 
iiVififi. A. Karl found that a calcined mixture of /inc oxide with silicic, stannic, 
titanic, or zirconium oxide, praseodymium oxide, manganese nitrate, silicate, stannate, 
titauatc, or zirconate readily shows tribo-lommefoeiioe, giving a glow visible in 
daylight, wlieu rubbed with a metal or glass rod It is assumed that solid soln. 
arc formed. Mangauiferous zinc sulphate or nitrate is also triboluminescent. 
According to G. 0. Schmidt, a solid soln. of cadmium and zinc oxide is not formed by 
the combustion of cadmiferous zinc, but is formed whdn the mixture is calcined ; 
and the luminescence is said to be connect(‘d with the decomposition of the salt or 
oxide. According to H. Maraoka and M. Kasuya, zinc or cadmium oxide blackens 
a photographic plate. C. Winther found that some varudies of zinc oxide act as 
optical sensitizers in a number of procxws without lieing changed — e.g. white 
lead and glycerol mixtures do not turn black in daybght or in the electric arc, 
but they blacken if zinc oxide is present; and oxygen is converted to ozone, 
provided zinc oxide be presiuit, when exjiosed through glass to light from a quartz 
mercury lamp. 

According to F. Beijerinck,® and 0. Frdlich, zincite is an electrical comluctor, 
and its doctrical conductivity is greater perpendicular to the principal axis than 
it is parallel to that axis. J. Sohlmann noted the relatively high conductivity of 
zinc oxide when it is heated by the oxy-hvdrogen flame, or by the electric arc ; 
and below it begins to conduct better than the oxides of calcium, beryllium, 
or magnesiuin. M. Lapschin and M. Tichaiiowitsch reduced zinc oxide to the 
metal by a battery of 60 to 370 Bunsen^'s cells. 0. A. Kraus found the sp. con- 
ductivity of cadmium oxide to be 0 0«3xl(r*^ mho, A. A. Soinmerville found that 
ft column of zinc oxide, 1 cm, diameter and lOcms. long, had an electrical resistance 
of 10^ ohms at 3lbT', and 72 ohms at 1100“^. The electrical condiu tivity of zinc 
oxide was found by F. Skaupy to be greater in vacuo than in air. With a din‘ct 
current of 110 volts, at a press, of 0 01 mm. of mercury,2-3 milliamps. passed through 
the oxide, but in a few .seconds this increased to lOO-fiOO milliamps. There was no 
evolution of oxygen. F. Bkaupy suggested the use of zinc oxide for a resistance 
with a negative temp, eoeff., and for non-corrosive electrodes in vacuum tubes, 
F. Streiiitz found that the conductivity of the strongly compressed powder of 
I'admiuin oxide does not change one per cent, when kept 14 days. Increasing the 
press, or lowering the temp, down to that of liquid air, has no influence on the 
conductivity. The speciiic resistauce amounts to 2ti0 X 1U“* ohms. A rod 2 '3 cms. 
long and 0‘22i) cm. diameter has a resistance of 1‘2 ohm between —180® and 200® ; 
above 200®, the resistance di'crcases rapidly so that at 300® it is 0‘2C ohm, and at 
400®, O' 11 ohm ; and when cooled to the temp, of the room, the resistance is only 
0 06 ohm. The resistance, changes with the temp. ^®, so that /2— 0 0055(1 -f 0 001^). 
F. Streintz assumes that above 200®, a poor conducting variety of cadmium oxide 
changes into a good conductor. S. Veil found that the curve showing the variation 
in the conductivity of cadmium oxide with temp, has three points of inflexion which 
are assumed to repa'seut a-, jS-, and y-allotropio forms of the oxide. K. Badeker 
measured the conductivity of fllms of cadmium oxide on glass ; and he found the 
thMnno-olootlOXDOtivo force of copper or silver against cadmium oxide is 30 0 micro- 
volts per degree between 18® and lOO®, and 40 0 microvolts between 100® and 180®. 

Zinc oxide was obs«*rved by J. Perrin to be feebly positive in neutral water, and 
strongly positive in acidifled water. R. Lorenz found the potential of zinc in contact 
with oxygen, against a normal hydrogen electrode in neutral soln. to be — 0’31 volt. 
L. Bloch measured the contact diffvenoe of potential of zinc oxide against distilled 
water=al volt ; against iV'-H 2 S 04 , or iV-HCl, 1'2 volt, and with more dil. soln., 
the potential decreases ; the difference of potential against alkaline soln. is smaller 
than for water, and against salt soln. the value is nearly the same as for water. 



ZINC AND CADMIUM 


m 


R. Loreas and H. Hau«ei found the ejui. of the cell Od j N*NaOH, Hg } Pt 
to be 0 411 volt at 18 4®, and 0 308 volt at 30'" ; while the e.m.f. of the cell CdO i Og, 
A'^NajSO^, U} , H ifi 009 volt. S. Glixelli studied the fltoctrCKWniOiii of line 
oxide. 8. Meyer found the magnattc fOM^bUilj of powdered line oxide to be 
--0’2Gxl0~^ unite at 10'’ (air unity); C. Ch^neveau gave —OSS X 10“^ unite. 
£. Thomson * has invest igaUni the orientation of tine particles of line and cadiuiuni 
oxides in the magnetic held. 

T. W. Richard and E. F. Rogers have shown that line oxide prepared by the 
ignition of the nitrate always carries oociodad faiei, — FO to 15 c.c. of gas per 
10 grins, of oxide ; the gas consisted mainly of ozycan and nitrofUl witii a trace of 
carbon dioxide. The oxide derived from the carbonate contained rather more 
carbon dioxide. Cadmium oxide contained only a trace of occluded gas. 
H. N. Morw' and H. B. Arbuckle obtained oxygen and nitrogen from ignited lino 
and cadmium oxides. C. M. Despn*ti,ii and U. W. F. Wackenroder obwrved the 
great diiliculty in reducing line oxide by hfdrocsn. H. Bt. C. Dt'vilh' showed that 
with a slow curnmt of gas and a wide porcelain tube, erystalline zinc oxide is alone 
produced, but with a fast curnmt of gas and a narrow porcelain tube, th<‘ oxide is 
mluced. He assumed that reduction probably occurs in kith ras(>s, and he 
considered that the effect is not due to mass action. He said : 

At thi! moinont when the steani and zinc react to reproduce zinc oxide, and hydrogen, 
the latter gae, by reai>un of its iuoms, should proUn't the metal from oxidation. This never 
hap()enH if the ojioration is conducted with MufHcient sJowuess. All is oxplomed, however, 
by admitting' thut a variation of temp, causes (ho affinities to be revcrscyl. Thus, in the 
part of the tub? heated <lin*ctly, zinc vapour and steam may c(H*xiHt ; but in the ports leg* 
licatcd, where the zinciferou.s dejxwit occurs, tb' affinities change, water is decomposed, and 
every trace of metallic zme duiap|>ears. ’J'his takes plo<!e m my ox}H’riments ; but when the 
iiydi’ogen possini with rapidity, the zone of the tube in which the reverse action ix>curs is 
traverwd by the mixture of vapours witli such rapidity that the cooling prevents the 
reversal of the reaction, 

H, St. C. Dcvillc's experimunte were confirmed by J, Percy, and it is more jirobable 
that the reversible reaction: ZnO-f H*r=*H20+i^i w involved in both caitej, and 
that with a fast current of hydrogen the zinc vapour is carried along and condensed 
kforti the reverse reaction has time to progn*-8s very far. According to F. Glaser, 
hydrogen reacts slowly with zinc oxide at 454*’ ; and after heating for an hour at 
OiKJ*’, I'U.'i per cent, of metal is volatilized, and after heating for anothijr hour at 070*’, 
about half the metal had sublimed. W. Kuiupmann stated the. n;duction of zinc 
oxide by hydrogen begins at about 465'’, and no metal or suboxide is produa*d with 
a slow' current of gas at from 700^ to IfXX)". The more rajiid the current of gas 
the more zinc oxide sublimes, and some metal may be obtained as a fine dust at 500’ 
or even lower. F. Glaser found that the reaction betw'e<*n hydrogen and cadmium 
oxide begins at about 282 ’ and the reduction is cnmpletc in 3 hrs. between 290*’ affd 
300“. W, Muller found the reduction of cadmium oxide by hydrogen kgins between 
250*^ and 260“, and is quite fast at 270“ ; accordingly he rcM^ommended this reaction 
as a means of separating cadmium and copper oxides ; and L. C. Barrcswil, os a 
means of separating zinc and cadmium oxides ; B. E. Wilson and T. Fuwa studied 
the hygroscopicity of zinc oxide. 

According to H. Moissan,^’ flaodne does not attack cold zinc oxide, but near 
500*’ decomposition takes place ; and C. Poulenc found that bydrogen floodlto 
forms cadmium fluoride wnen passed over Fed>hot cadmium oxide. R. Weber 
obtained zinc or cadmium chloride and oxynen by passing Chlorme over the red-hot 
oxide. Zincite is readily soluble in dil. ftCuS — dil. hydrochloric, sulphuric, acetic, 
and nitric acids. These acids also dissolve cadmium oxide. 0. J. Fowler and 
J. Grant observed that zinc oxide has no effect on the decomposition of pobuMnni 
3hk)fAt6 by heat. H. Brandhorst found zinc oxide to be soluble in molten zinc or 
magnesium chloride. W. Bersch studied the action of cadmium oxide on soln. of 
ihe chloridaa, bromidM, and iodides of the alkalies and alkaline earths. 

Zinc oxide is decomposed by the vapour of solphnr forming zinc sulphide and 
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sulphur dioxide. E. Aston and L. Newton, contrary to C. R. Fresenius, were 
unable to convert zinc oxide quantitatively into zinc sulphide by admixture with 
sulphur, and hcatin/^ in a current of hydrogen—from 5 to 15 per cent, escaped 
conversion fiven after repeated treatments. J. B. Senderens found zinc oxide is 
not afTect*‘d by boiling it with wakr and sulphur, while ( admium oxide forms the 
sulphide, sulphate, and a little thiosulphat<*. H. Moissan observed that a soln. of 
Ammonium snlphido converts zinc oxide into orunge-ytdlow crystals. H. Sehii! 
det<!cted no action between SUlphUT diozide and zinc oxide or zinc sulphide ; and 

E. Priwoznik found that at ordinary Uunp. a soln of ammonium polysulphide converts 
cadmium oxide completidy into the sulphide. (!. Matignon and F. Bourion found 
the vapour of SUlphUT ChloridA, S^Clo, puHSi.'d with a stream of chlorine over red-hot 
zinc oxide, produced zinc chloride. F. Fuktor fused zme oxide with sodiom thio- 
SnlphAtAf and found that sulphur dioxide is evolved, and zinc sulphide formed. 

V. L'liiarczyk rejiorted that when a mixture of zinc oxide, carbon, and calcium 
8UlphAt6 is heated to about zinc sulphide is formed ; VV. Mostowitsch obtained 
a similar r<‘Hult with barium sulphate at about Tlie action of sulphuric ACid 
on cadmium and zinc oxides has been previously indicated. P. Sabatier found 
zinc oxide reacts vigorously with nitiosyldisulphonic ACid, NOiHSOgjo, forming 
zinc sulphate. 

C. 11. Burgi •sH and A. Holt found zinc and cadmium o.xidea di.ssolvt‘ to a clear 
glass in moltmi boric OZide. J. Percy likewise found zinc oxide dissolves in fused 
boric acid in the proportions ZnO : BgOa, 1 : I, 2 : 1, .‘i : 1, and 4 : 1, forming trans- 
])arent glasses ; and with a mi.xture of zinc oxide and alumina, at a high teni]) , he 
obtained a “ eompact, grey, strong substance which scratch»‘d Hint glass r/dc 
the uluminates. When cadmium oxide is lieaU*d with phosphorus, B. Kcnault 
found that cadmium phosplihle is formed. H. Hvoslef liki'Wise obtained zinc 
]diospliide by the aetion of jihosphorus vapour on zinc oxide. F. Ejdiraim heat 4 >d 
cadmium oxuh' with sodium amide in a sealed glass tube, and obtained beads of 
cadmium. 

Whmi a mixture of zinc oxide and carbon is heated to a bright redness, zinc 
vapour and carbon monoxide are ]iroduced ; and if the zinc oxide is in (‘xcess, carbon 
dioxidi' is also formed the extraction of zinc. 0. Boudouardji^and W. Mosto- 
witsch di'lectcd signs of the reduetion of ziiie oxide by carbon at 8(X)^, and 

F. 0. Doeltzanil C. A. Ciraumami between and lOOO''. W". Kiiinpinanu found 
the reduction commences at a temp, over KHK.)"*. VV. McA. Johnson gave 1022' 
with wood charcoal, and 102J” with coke ; E. Prost gave 1075'". M. Bodiuiskun and 
F. Schubart found the viHocity, e, of the reaction between zinc oxide and I'arbon 
at ditfenmt temjt., measured in terms of loss in weight per gram per min. to be : 

^ UyO® UHHI' 1016'’ lUUO" 1030“ 

V . . 0 060 0 068 0 16i; 0 180 0 180 

(Jv/<W . 0 0008 0-0001 0-0017 ’ 0 0000 

According to 0. Boudouard, tlie evolution of gas which commences at 800^, ceases 
as the temp, rises, and again commences at about 1 UKl and between 1 125“ and 1 15t)^, 
there is a n>gular stream of gas which contains about DO per cent, carbon monoxide 
and 1 per cent, of carbon dioxide. Zinc oxide prepared artificially is more easily 
reduced than that obtained by roasting the sulphide. K. Eichhorn, F. Fischer, anil 

W. Heiupel have studied the reduction of zinc oxide by carbon ; the latter said the 
n‘actioii starts below the b.p. of zinc, and is complete between a bright red and a 
white heat. According to R. C. SchupphauB, the reduction of zinc oxide by carbon 
commences at U10°, and when the pn'sa. is maintained above the calculated press, 
of zinc vapour, at 1150“, liquid zinc collects as an ingot at the bottom of the crucible, 
although the temp, is higher than the b.p. of zinc under atm. press. A stable 
canary-yellow oxide is produced which contains more zinc than corresjionds with 
the normal oxide, and w’liich may be a suboxide (y.e.). F. 0. Doeltz and C, A. Grau- 
maun found that the reduction of cadmium oxide by sugar carbon is very slow 
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betwwa and 62(r — ri*lAtively 01 p<i‘r ivnt. loan of weight was ul»si*rvt‘d ; there 
was an abrupt atveleratiou as the Uunp. roft»* in the vicinity of 700’, and ndatively 
1‘0 per cent, loas of weight oiTurred 

Zinc is directlv extracted nearly iilways from a mixture of *inc oxide and some 
form of carbon. The two a^* often m the form of coarse particles and but im 
perfectly mixed, (‘ontaet In'tween the .sohds is thendore imperfect, and yet the 
reduction is virtually complete. Hein’<‘. urgu»‘d F. le Play, CirbCMl Dionoiido alone 
must Is* the reducing agent; he extended the hypothesis and assumed that solid 
carUm <hM‘s not reduce oxides bv dm‘ct contact While ndmitting that carbon 
monoxide < an reduci* the oxules of the metals, J L (Jay Lus>mc jiointed out that it 
d«M's not follow that solid carbon is iiicajialih* of n*ducing oxides by dirt'ct contai't. 
The more easily ri‘ducible oxides siKer, niereiirv. e<»pjM‘r, lead, bismuth, etc 
arc reduced by carbon monoxide forming earboii dioxide. 'I'liere are also 
oxides -mangane.v, ebronmim, eonuni, titanium, and potassium \sbieli resist 
the aitioii of earbon monoxide, and are yet retlm ible bv carbon K. (’h'mieni 

and J. H Desornics, iV L Dulong, (’ M. Despn-tz, and A. Muller carlv noted 
the dilUcuItv 111 rcdui'ing zim oxide with carbon monoxide, and 1. L. lb'll 
reported that zinc oxide is not eliangod when heated with carlxm monoxide 
in a .s<*aled tube Aeeonliiig to W. Kumpmaim. similar remarks a)iplv to 
l arbon monoxide as were made with respect to tlie ai tion of liNdrogeii on healed 
zine oxide K. () Doeltz and A (traiimann found the reaction begins between 
HtNl' and l<«Hi ; W. Kuiiipmann obtained signs of the Ix'ginning of tin* reaction at 
liio , and It IS upjirecmblc between 7txP and -‘^(Kl The relations betwi'cn eariion 
nionoxule and dio.xide. zinc, and zinc oxide have Ix'cn mdu’atod in connection with 
the extraction of zinc. The reversibh* reai tion is symbolized : ZnO ] | Zn ; 

the larbon dioxide prodmed m the action of • arbon on zinc oxide has no i liaiice 
to reoxidi/e the ziiu’ because, m the preseme of excess of earbon, it is reduce*! to 
carbon monoxi<lc, .so that as long as Huflicieiit n‘<l-hot carbon is pn'sent. zine and 
carbon rnonoxi*!** ar«* the sole jirodmds of the reactions. W Kani|)inann found 
that zinc oxule sublimed unchang**d in a mixture of vols of carbon diozidd and 
lO of < arbon monoxide ; and from a mixtur** of carbon ami zinc oxide in a. stream of 
earbon dioxide at 7(Hi , or a stream of sti-ain at Sih)' Zim- oxide attracts I'arbon 
dioxule from tin* air ; brown eadmium oxid** b<*lia\cs similarly and bi'cotin'S wlnt/** 

A. Mailhe found zme oxid** <leeoiii}to.s«*s methyl alcohol into **(jual parts of^ 
hydrogi'ii and carlion momixide. W. IpatjclT. ami P. Sabatier and A Mailh** fouml 
cthvl alcohol vapour is decomposed by zinc oxiib- ; soim* ahb'hyde is formed ; and 
at dlo .'TSi , a gas with bo ]»cr *’ent. li\drog«*n ami p*T c<’nt. of i thylem* m pro- 
duc*‘*l A. Maillie foumi fatty acid vapours form k*‘UmeH and carbon dioxid** at 
about bK)^ ; thus, at 4‘ltr, acetic acid forms acetone. Analogous results wc*r** 
obtaimal with cadmium oxid**. W. (i. PalimT studied the catalytic action of zinc 
oxide aclmixcd with cujiric' oxide* on the dehydrogenation of ethyl alcohol. 

F von Kug**lgeii rcducc*d red-Imt zinc oxide by calcium Carbide. P. P(‘rtlii(*r, 
ami .1 PcTcy fused zinc oxide with alkali carbonate and obtaim*ci a licjiml wdiich 
congeah'cl to a colourh'.ss, translucent, crystalline mass ; fu.sed potassium cyanide 
dih'*olvi*s zinc oxide w'ithoiit showing any signs of the vaporization of rcducfid zinc. 
W, Bersc h investigated the action of soln of the* alkali ami alkaline earth thio* 
cyanates on i iMlmium oxide ; and J. Milbaiicr found that zinc oxid** is converted 
into amorphous zinc sulphide by potassium thiocyanate* at a}>out 220 ; similar 
results were, obtained with cadmium oxide, J. Percy fouml mixtures of zim* oxide 
and silica ZnO : SiOg, in the projKirtiona 1 : 1, 2 : 1, 3 : 1, and 4 ; 1 sintep’d tx)gc*th(*r 
after five hours at a white heat— vide the silicates 0. Rauu*r found silicon tetra- 
chloride is decomposed by zinc or r.admium *)xidc lietween 21M) ami ‘VK) '. 

Zinc oxide i.s reduced by less easily rcdiicibh* metals e y. by potassium at 
a gentle heat ; A. Burger redmed zinc and cailmiuni oxid**K by manganese ; 
A. Stavenhagen and E. .Srhuchard, by heating with alumininm; and .1. Percy, by 
heating with iron at a high t<‘mp. when all the zinc is volatibz<*d. Zinc oxide has 
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itrongly basic properties, but it is amphoteric, for it unites with other bases— to form 
Mits — linotet which the zinc oxide appears to function as an acid radicle. 

According to 8. Meunier, when cadmium oxide is fused with {)ota88ium or sodium 
hydroxide, double cadmium and alkali oxides are formed. By fusing zinc oxide 
with eight times its weight of lead in(nu>xide» J. Percy obtained a mobile liquid 
which crystallizes like litharge. According to G. Tammann, zinc oxide immersed 
in a fM)ln. of lilTer nitrata or sulphate remains white in diffused light, but in sunlight 
it is rapidly blackened ; and, when the zinc oxide is removed with acetic acid, silver 
oxide, Ag20, remains. The rat<* of the reaction depends on the physical condition 
of the oxide. The reaction was studied by V. Kohlschiitter and A. d’Almendra. 
It occurs with other basic oxides, but not with acidic oxides. 

H. W. F. Wackenrodcr showed that ignited zinc oxide does not unite directly 
with watar to form the hy<lroxide. According to A. Dupre and M. Bialas, a litre of 
wakr dissolves from 0(kM2 to ()‘(X>4({ part of zinc oxide at 18“. According to 
F. Kunschert, soln. of zinc oxide in alkali hydroxides hav^ ions ZnOg , HZnO^, and 
OH', and the difference of jwtential of zinc against an alkali zincate soln. relative 
to the normal hydrogen ch;ctrode is 113(H) 029 log 6'/[01fJ®, where C denotes the 
cone, of the zincat<‘ ; and the bracketed symbol, the cone, of the hydroxyl ions in 
mols per litre. F. Forster and 0. Gunther found BX) c.c. of a 20 per cent. soln. of 
sodium hydroxide dissolves in a few hours, calcined zinc oxide eq. to 2‘97 grms. of 
zinc ; prccipitat^'d zinc oxide is more ra[)idly di.ssolved - ^idf zincates. L. Rolla and 
R. Salani measured the decomposition tension of raixtuK^s of fused sodium 
hydroxide and zinc oxide or cadmium oxide. F. Stromeyer found cadmium 
oxide is readily soluble in aq. ammonia. Calcined zinc oxide is also dissolved 
by a(j|. ammonia, but only in the [iresenoe of ammonium salts. According to 
H. Brandhorst, roasB'd blende is not complettdy soluble in ammonium carbonate 
soln., possibly because of the formation of zinc ferrite during the roasting. 
According to G, Kigg, the solubility of zinc oxide in ammonium carbonate soln. 
reaches a maximum with a definite eonc. of carbon dioxide. Expre.ssmg the results 
in kgrms. per 10 litres of soln. with 1-2 kgrms. of NH3, then with a cone. C of 
carbon dioxide, 

t’ . . 0(10 006 0*80 000 0 06 110 1 16 130 l-.T) IfK) 

ZnO . . 1 16 1-37 1-64 1*60 173 100 ISO 1-74 1-.54 143 

H. Brandhorst obtained a precipitate of ammonium zinc carbonate by 
boiling the soln. These soln. have been studied by H. Wiichter, 0. Kiihling, and 
C. R. C. Tichborne, The data with cadmium oxide are not consisUmt. F. Stromeyer 
said that the precipitate is not soluble in aq. soln. of ammonium carbonate ; 
J. F. John, and W, Herapath said it is slightly soluble ; and E. 1). Clarke said it is very 
soluble in that menstruum. F. de Las-sone found that zinc oxide is dis.solved by 
potasli-lye, lime-water, and aq. ammonia. Zinc oxide dissolved by a soln. of 
■ lerrio oUoride or ferric sulphate, and eq. amount of ferric hydroxide is precipitated. 
According to M. Prud’homme and F. Binder, zinc chromate is produced when zinc 
hydroxide is tn'ated with potassium dichromate. L. Kahlenberg and H. W. 
Hillgcr found zinc oxide to be soluble in a boiling .soln. of potassium tartrate. 
According to A. Nauinann, zinc oxide is insoluble in acetone. 

Zinc oxide mixed with oil dries to a hard fdm, basic, lead carbonate or white-lead 
dries to a much softer and more chalk-like surface. Just as zinc added to certain 
metals gives hardness to the resulting alloy, so, by analogy, zinc oxide added to 
white-lead produces a pigment which when mixed with oil and applied as a paint 
gives a haraer and more durable surface than the white-lead alone. 

P. Drinker 20 has jnven a review of the bibliography of the toxicity of zinc 
oxide, and of the conditions under which zinc oxide produces brass-founders’ ague 
are discussed. Ordinary zinc oxide dust as produced, for example, in packing zinc 
oxide pigments does not produce the ague, whereas that produo^ by the burning 
0! zinc does. It is suggested that the oxide in the first case has been flocculated 
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by adforption o( moisture, and is tberefore deposited on tlie walls of the nnsal 
psssa^w or trachea and docs not reach the lungs, when^aa in the second case the 
oxide is in H highly dispersed state as a very hne dry jKJwder which readily passes 
into the lungs, where the [articles offer the maxunuin surface for phagocyttwia 
and ultimate soln. In the second case, tine is found lK)th in the urine and the 
fa*ceg, whereaa in the first case practically none is found in the urine, shtjwing 
that very little zinc has been dissolvtHl. 
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§ 10. The Hydroxides and Peroxides of 2!linc and Cadmium 

l( Si linuilcr » (il)H rvc(l tliat \shcn zinr in coiitui t with iron is niuiicr.scd in lUj 
.iiiiiiionia, liMiroj'cn is evolved, ainl in alioiit Hdn\s, tInTv aro dejiositod on tin* zinc, 
and on tlie Miles of the elass vessel. Miiall. transparent, colourless, rlioiidnc prisms of 
/irm IndroMile. Zn(Oll).^ K 1’ Hnnec, A. ('ornii, H. Euler and R (1«‘ Korcrand 
jircpared the i r\ stals in a smnlar manner. J. NickdoH also em))loyed the metliod for 
crystals of cailmium li\dro\ide il Euler ]ireparod liydro.\i(Ji‘K, hy preopitulion 
from the nitrat«*, winch ajijieared to li.ave a varying soluhiiity in ammonia. 
F. (o)udriaan found that the prenpit.ite idilained In’ addinu ammonia to a soln of 
zme nitrate or ehlonde imniediateK Iniomes more grittv, heavier, and less 
eelatiiioiis when washed a few times with hoiling w.iter. Wlnm driecl at ItK) , tin* 
product lontained ()() per (eiit wat^T. The soluhiiity in sodium hydroxide also 
dccrea.M-s when the Indroxide is kept for a longer time (). Klein distinguished three 
form.s of the hsdroxide. If a soln of zine sulphate is allowed to droji into one of 
pota.ssium livdroxide until the white preeijiitate ju.st fails to nulissolve, the soln, is 
snt witli respect to the modific ation A In time this soln. dejiosits a modification 
li, which often forms regular crystals. If collected and dried, Ji passe's iiiUi a still 
le.s.s sohihle nmdilieatioii ('. The soluhiiity of all three mollifications in soln. of 
dilTerent cone has been determined. A lias the eoinposition Ji and (* 

have the eoinposition Zn(()H)o. F. (loudriaan showed tliat amorphous g(datinoUM 
zinc livdroxide is a [ilia.se witii a vary mg projiortioii of water, the ]iro])ortion of water 
depends on the mode of preparation, the age. etc. The aiuoqihoiis product is not 
stable at 1<h) , hut is rather in a metaslahle state with a tendency to stabilization to 
ZnO. The erystalliiie livdroxide can be obtained as a phas<‘ of constant composit ion ; 

To .50 c.r, of A'-KOfi jmIiI .V*ZnS 04 from a burette until the hydroxido first fonwal h«« 
redissolvofl, and a jioiiit is reaclirsl at whicJi the liquid remains sliglitly turbid when shaken. 
When vigorously shaken, or when the glass wall w seralehed, and the nfdn. allowed to stand 
for a few minutes, a heavy sarifly |»re<*ipitafo w fonned 8iM*rling with crystalH preyioualy 
obtained accelerates the erystallization. Under the micrfa»eo|>e, the fK>wdf*r consista of 
small elongated bar'Shaj>ed crystals. They filter caaily, and, unlike the amorphous proiluct, 
they can Ik; readily elranr^l hv washing. The erv stals lined at 40" 50'' have the eonifKwition 
Zn(UH),. 

A. C. Becqiierel obtained crystals of zinc hydroxide by placing a rod of zinc, wound 
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with c‘opp#‘r wire, in a aoln. of silicic acid in caustic Ije. He assi^ed the formula 
En(0H)j{ to the regular octahedrons so obtained. Colloidal zinc hydroxide is 
obtained by treating a soln. of zinc nitrate with insufficient potassium hydroxide 
for complete j^recipitation, and washing the product ; if an excess of the alkali is 
oacd, or if a soln. of zinc chloride or sulphate is employed, the product is not nearly 
ao pure. W. Herz, A. Hantzfu'b, B. B. KuriM, and R. Lorenz employed a similar 
procem. They commented on the difficulty in 8ej)arating the adsorbed alkali 
hydroxide, and allowed that some sulphate is also retained very tenaciously— 
voifsibly as basic sulphate. V. T. Hall commented on the adsorption of chlorides 
by the precipitated hydroxide, and F. Goudriaan showed that the nitrate is likewise 
airbed by the precipitate. C. E. Lincbarger showed ^that"'the amount of alkali 
required for the reaction is dependent on the cone, and tern]), of the soln. J. Lefort 
and P. Thibault showed that the, prewmee of gum hinders the precipitation. 

8. E. Linder and H. l^icton prepared tin; hydroxide as a trans])arent gelatinous mass. 
F. Stromey<*r likewise prepared cadmium hydroxide by adding potassium hydroxide 
to a soln. of a cadmium salt ; and by treating cadmium oxide with a soln. of potassium 
hydroxide. W. Bonsdorff recommended precipitating a 8^)ln. of cadmium nitrate 
with sodium hydroxide fre«! from carbon dioxide for cadmium hydroxide ; and 
L. Schaffner used potassium hydroxide as precipitant, and recommended dil. soln. 
0. Follenius found tartaric acid hinders the precipitation in the cold ; sugar hinders 
it when hot ; while citric, malic, succinic, and benzoic acids have no influence. 
Silver oxide was found by D. Vitali to j)recipitat4! partially the cadmium as hydroxide 
from soln. of cadmium sulphate. W. Vaul)el added ammonia to a soln, of zinc salt 
until it reacted neutral with litmus and reddimed with phenolphthalein, arul boiled 
the soln. The preiwm;!? of ammonium salts hindered the precipitation. A. Vogel 
and 0. Reischauor mixed a soln. of zinc nitrate with an excess of ammonia, and 
introduced a pie<*c of zinc inb) the liijuid ; crystals of the hydroxide wt*re gradually 
formed and a gas was evolved, F. J. Malaguti, M. Sarzeainl, J. Ville, and A. Cornu 
prepared crystals of zinc hydroxide more rapidly by the slow clettrolysis of an 
an\moniacal soln. of zinc oxide. The yield is licttiT if finely powdered zinc 
carbonab* be addl'd to the electrolyte. P. Meyer electrolyzed a very dil. soln. of 
hydrogen peroxide with a zinc anode, and an inert cathode ; K. Txirenz ch'ctrolyzed 
an alkali salt with zinc anode, or a eadmium salt with a cadmium anode, and j>lat inum 
cathodes ; 0 and H. Strecker electrolyzi'd soln. of .sodium chloride or chlorate with 
a cadmium anode ; and E. Leriche eh'ctrolyzed a soln. of sodium chloride with a 
zinc anode and an iron cathode. M. Malzac treated zinc blende with aq. ammonia, 
exposed to air. 

D. Lanee obtained the hydroxides directly from the ores bv treatment with 
aq. ammonia or an amine or a mixture of the.se. The hydroxides are fractionally 
precipitated by heat in the order : zinc, cailmium, cohalt, nickel, copper, and 
silver, .\ccording t-<» (L Buchner, crystalline cadmium hydroxide is obtained by 
heating a .soln. of 10 grms. of cadmium iodide in UA) e.c, of w'ater ; .‘JfiO grms, of 
potassium liytlroxide and l.*i grms. of water were then added with continuous 
stirring at IdTi’ until all the hydroxide had dissolved. After 12 lira., the .soln. was 
diluted with water, and plates of cadmium hydroxide with a mother-of-pearl lustre 
wen' produced. A. de Skhulten treated a soln. of a cadmium or zinc salt with an 
alcoholic .soln. of potassium hydroxide and dissolved the pn‘ci[)itate, aided by 
hiiat, in an excess «if the precipitant : on cooling the soln., hexagonal plates of the 
hydroxide were nrwluced. 

The hydroxides of zinc and cadmium are white. They exist in the colloidal 
(gelatinous) and crystalline states. Cadmium hydroxide assumes two forms : 
one prepared by adding sodium hydroxide to soln. of eadmium salts gives rise to 
the yellow sulphide with soiluim sulphide, etc. : and another polymerized one is 
formed when cadmium soln. are poured into soln. of sodium hydroxide or when 
they are precipitated hot ; this hydroxide produces a red sulphide, with an inter- 
mediate dicadmium sulphohydroxide, Cd 2 S(OH) 2 , of a fine red colour, but too 
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[instible for a pignxrnt. J. Morfl found the bipyramidAl dyiteit of line hydroxide 
hefong to the rhombic system, and have the axial ratios : a :h'. : ] : 0 5763. 

C. Bddeker obtained regular octahedral crystals by allowing a sat soln. of line 
hydroxide to stand for a week, and these crystals an^ thought to be the same as 
those obtained by A, C. Becquerel, bv allowing line in contact with copper to stand 
in a soln. of jmtaasium hydroxide. &. Surawici explained the existence of rhombic 
and regular octaht'dral ciystals of zinc hydroxide, and hexagonal zinc oxide by 
assuming the existence of isomeric, metameric, ami jKdynieric forms of zinc oxide in 
which the water is regarded as water of crystallization. A. do Schulten said that 
the ciy'stals of cadmium hydroxide lielong to the trigonal system. J. Nickles gave 

2 077 for the gpedfic gratdiy of zinc hydroxide, and E. Filhol gave 3053 ; A. de 
8c hult4-n gave 4‘7‘J for the sp. gr. of cadmium hydroxide at 15". 

H. Kiise * found cadmium hydroxide loses its water when hi'ated above 
According to R. de Korcrand, colloidal zinc hydroxide' obtained by precipitation 
has not a fixed com|>osition, and at ordinary temp., in the' prewMu e t)f jihosphorus 
|M*nU)xid<*, it gives off water slowly ; and when heated the loss of water is probably 
aecom]ianied by polymerization, when tlie temp, rise's above 2r)()". F. (loudnaan 
found that crystalline zinc hyelroxide is mctastabic at 3<r and slowly ))asacs into 
the oxide. The hydro ,xide dehydrated at a low temp tak«*M uji water when oxpos»*d 
to a moist atm. When the precipitated hv<lroxi<ie, wjwihed in an atm. free from 
carlKin dioxide, is dried on a porous plate ov«*r sulphuric iw id, and then for 3-4 days 
over phosphorufl pentoxide, it has a composition corre8|M)ndmg with ZnO : HjO- 3 : 5, 
and ita heat of soln in dil. sulphuric acid is IM -tH Cals ; wh»*n dried for 3-4 weeks, 
the ratio is 3:4, and the heat of soln. is nearly the same* as Iw'fore. When the 

3 : 5 hydroxide is lieat(*d for 12 hrs. at KKC, the ratio is 4 : 5 at (Mmstant weight, and 
the heat of soln , 18 8,3 Cals ; at 25(C, the ratio is 5:2, and the heat of soln., 
23 23 Cals , and at a red heat, zinc oxide with a heat of soln, 23 ‘.»1 (’als. is formed. 
.1, Thi)ins<‘ri gave — 2'75 Cals, for the heat of hydration of crystallized zinc hydroxide 
and li(|Uid water; or - 418 Cals, witfi solid. C Massol gave i-4‘32 ('als. ; and 
R, <le Forerand -{-2 C* (.’als. with water liquid, and 0 70 Cal, with water solid. 
W. Herz, and A Ilantzsch assumed different modifications are formed during the 
drying of colloidal zinc hydroxide. J. M. van Beiumelen, and B. Kuriloff have 
studied the conversion of the colloidal to the crystalline states. The heaU Ot 
neatralizatioil of an ecj. of zme and cadmium hydroxides, JM(OH).>, respectively 
in hydrcx hloric acid are 9 89 Cals, and 10145 Cals (M. B<“rthelot) ; in hydro- 
fluoric aci<l, 12r),5 and 12 78 Cal.s, (E. Petersen) ; in hydrm’vanic and, H ll and 
7‘22 Cals. (A. Joannis) ; in nitric acid, 98.58 ami lO’lti (>als. (M, Bert helot) ; in 
one eq. of Huljihuric acid, 11-702 and 11‘91 Cals (M. Berthelot) ; and in one eq. of 
carbonic acid, 5 5 and 6'49.5 (Jals. (M. Berthelot) ; J. Thoms<‘n found for zinc 
hydroxide ZnfOH)^ rll.^BO* aq.. 23'41 Cals.; with 2HC1 a(j., 19 88 (als ; with 
2lIN(J3 a(j., 19-8,3 Cals. ; with 2H2H aq., 17 97 ('als ; and with 2H2(’2f)4, JH-03 Cals. 
For the hatts ol formation of cadmium and zinc hydroxid«‘s, J. Thomsni gave 
Zn H) f-HoO- Zn(OH)2-f82 h8 ('ak, and Cd |-() f HjO ('d((jH)2 4*()5-r>8 Cals. 

K. (toldstein ^ studied the action of cathmle rays on the phOSphomOttlOO of 
c^admium hydroxide and salts —w/e cadmium oxide. P, Blackman gave, for the 
moiOClUar CtmdoctiTUjt of soln. with a mol of hydroxid(5 in r litn-s of water : 

V . . 1000 r>00 200 KMI 60 33-3 20 

/i . . 214 213 210 206 203 98 96 

J. K. Wood found that the weaker hydroxyl of zinc hydroxide has a basic dis- 
sociation constant of A— l'45xl(r*. R. Lorenz found the differenw; of potential 
of zinc hydroxide with respect to the normal hydrogen <*lectrode, in neutral soln., 
to be — 0’31 volt ; and C, Immcrwahr, of cadmium hydroxide against 0-C5 A- NaOH 
with respect to the cabmel electrode 0*7*50 volt at the Is'ginning and 0*855 volt at 
the end. S. Meyer found the magDOtie ioaetptibtiitp of powdered zinc hydroxide 
( vacuum ==0) is -0*42xl0r-« mass unite at 18®. 
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Till} K^UIity of zinc hydroxide in water wa« found by W. Herz ^ to be 2‘6 X 
gnu. per litre, and for cadmium hydroxide, he found 2 6x 10"*. S. Labendzineky, 
and 0, Bodliinder also made ineaaurcrnentH <d this constant. Zinc and cadmium 
hydroxides are arnphob^ric in that they act both as acids and as bases. According 
to (i. Carrara and (L H. Vespignani, the basic energy of the metallic hydroxides 
corresjKmds with their po.sition in the periodic table, for they fall in the order of 
decreasing strength : Mg, Cu, Zn, Cd, Al, Fe H. \V. F. Wackenroder found that 
when zinc oxide is boiled with an aq. soln. of soditun or potassiom carbonatey some 
alkali is adwjrlwd, and the oxide exhibits an alkaline reaction , the alkali can be 
removed by a prolonged washing with wati^r. Aeeording to A. t.'olsoii, when a 
soln. of 80^0111 sulphate is added U) ziii<- oxide (neiitrM U) plumolphthalein) sus- 
])eiuled in water, tfu^ mixture heroines inciea.sinirly alkaline, owing to the liberation 
of sodium hydnjxide, ami the formation of what he regarded as a basil' .sulphate, 
(Zn.0.Zn()n)j;S()4. W. Hersch found that freshly preeijiituted catlmiimi hydroxide 
dissolves in aq soln. of potassium and sodium halides or thiocyanates liberating 
the alkali hydroxide ; the ealeiilated heats of reaetion are all negative and with 
KCl is H18 cals. ; with NaCl, • I'A cals. ; KBr, 7.‘18 cals ; NaBr, —744 cals. ; 
Kl, -710 cals ; and Nal, 710 cals. VV. Blitz and F Zimmi'riimnn found that 
when w'ell-washed zinc or cadmium hydroxide i.s treati il with A' -silver nitrate, 
the hydroxide is di.seoloured owing to the formation of silver oxide ; and 
mercurio nitrate produces a yellowish-red discoloration for an analogous reason. 
H, N. Stokes found that ferrous sulphide does not react w ith zinc hyilroxtde in the. 
cold or, at hK)’, hut at lOO" ferrous hydroxide and zinc sulphide are slowly formed. 
According to G. Lunge and H. Landolt, if chlorine be jiassed into water m which 
zinc, hydroxide is suspended, zinc hypochlorite and chlorate arc formed in fpiantities 
which increase as the temp, rises. U. von Wagner found zinc hydroxide is slowly 
converted into zinc sulphide by the. action of hydrogen sulphide. K. Fink investi- 
gated the behaviour of zinc hydroxide towards soln of metallic salts 

F. .(. Malaguti,^ and A. Miiller observed that rhombic crystals lontaining 
zinc oxide and ammonia are formed on the painted brick-work of a privy. 
T. Wcyl noted that zinc oxide absorbs ammonia gas at a low' temp , forming 
lino diammino-oxide, ZnOfNlI^).,; Zme hvdro.xide was found b\ K Kimlmber 
to be readily dissolved bv aq. ammonia, wliiie the igmti'd o.vide does not dissolve 
at all; but, according to H, Sclimdler, the ignited oxide is spaniiLdv soluble 
in that menstruum, and its sohibilitv is augmented by Gie presence of traces 
of ammonium and potassium salts— the plu»sphates were found to be most 
favourable, then follow arsenates, chlorides, 8ul}>hates, nitrat(*M, iieetates, carbonates, 
tartrates, citrates, and sulphites ; siu'cinates and Ijenzoates are favour.ible only in 
dil. soln. ; borates, ioilide.s, chlorates, arsenites, o.xalates, and gallates unit«' with 
the zinc oxide F F. Bunge found that ziiu' in contact witb iron dissolves slowly 
in a(p ammonia with the evolution of hydrogen and the formation of a colourless 
soln. The zinc dissolves in the ub.scnce of iron, but more slowly. A soln. can be 
obtained eontaming .‘i qf) parts of ziiu- oxide, and 7 parts of ammonia per lot) 
parts of soln. The eoiie. soln. becomes turbid when diluted with over I.') times its 
vol. of water. According to G. (\ Wittstein, and A. Bonnet, when the soln. is 
evaporated in air, it fumishes needle-like ('ry.stuls containing carbonates of zinc 
and ammonium, and when evajxirated on a sand-bath, it gives an odourless mass, 
which is soluble in water, and which gives off ammonia when treated with potas- 
sium hydroxide. ,1. J. Berzelius found that lime-water, strontia-water, or baryta- 
water precipitates from the ainmoniacal soln. a eomjiound (or mixture) of zinc 
oxide with the earthy base. A. M. Gomev and C. L. Jackson could not prepare 
ammonium ziiicate. 

D, P. Konowaloff found that the vap. prejvs , p, of ammonia in aq. soln. is 
depressed in the p^^sene^' of dissolved salt such that if pi n'presents the press, of 
the dissolved salt and w ami m tin* numb<'r of inols of ammonia and salt respectively 
in a litre of soln., then pi~ p(n km), where k is a constant whose value is 4 for 



ZINC AND CADMIUM 


525 


cadmium and zinc nitrates. Thia is taken to mean that each atom of zinc or 
cadiiiium probably united with 4 mob of aiiuuouia -aay, lino totnunmino* 
Pride, Z!i(XH 3 ) 40 . From soiubilitv deterininatiutiK and nteaHiiremcnts of the 
e.m.f. of cone. H. Kuler also deduced that the complex cation in ammoniaw'al 
8oln. uf zinc salts is ZnfNH^)^. and W. Dousdorff mejibured the electrical conduc' 
tivity of soln. of zinc or cadmium hyilroxide in a»pia ammonia Accortliufj: U» 
W. lionsdortT, the solubility of zme hv<iroxide in a«j ammonia at 2.V w 

Normal tlv of XH, . 0 321 0*f>43 1 2i:* HcJS 2 570 3 213 

ZnO. «riiih. {XT litn* 0 34 0 845 2-70 5 07 7 01 10 10 

H, Euler, and \V thms^lorll also inferred from measurements of the transport 
numbers that a measurable amount of aimnotnuni zinailr is not prew'iit m 
ammomacal aolii of zme oxide. W. Herz fouiul that zme is prt'sent in the 
diffusate from ammomaeal wjln. of zine hydroxide Ib B. KurilolT found that 
the ex«es.s of ammonia neees.sarv to dissolve the j»n*eipitale formed \vhen 
ammonia Ls adtled t<» a soln. of zme chloride or sulphate is /inater tln' more 
dll. tii»‘ fMjln \V llerz studied the equilibrium represeiib'd b\ the tadieme 
/n(()U).. r j-l’NlijOH ; similarly also with soln. of zme snipliatc 
and nitrate, and with cadmium salts. W. llerz found that tin* solubility of 
zme o.\' le is le.ss with the iiiono-suhstituted aiiimomas, and this the mor«* 
the lusher the mol. wt of the amine ; zme o.vule is not solulile in the disuh- 
stiluted ammonias A Bonnet bmiid plant libres absorb zme oxide from an 
umiiiouiat al soln. when treat<‘d with an alkali, and it is not removed bv washing. 
A. Windaus studied the iietion of an ammomaeal soln. of zme tixide on sugars; 
and K Iiiouje, on d-gulaetos<‘ and (/-arabiiiose. 

F, StroMieyer found liiat when ( jnlmiiim oxide is treabnl willi aij. ammonia, 
its colour tirst become, s white, and it then dissolve.s ; the soln on (‘vajioratioii 
forms the Gelatinous hydroxide ; whih* 11. W. F \Vaekemod<‘r noted that ])t»taKHiiim 
hydnt.xide preeijntates eadmium hydn)xule from the ammoniacal soln of tlie 
oxide. Tlie solubility (d eadiaium hydroxide in a<| ammonia has Is'eii inejiHUied 
by 11 Filler, and W. Boiisdortl , the latter foumi at 

Norriialil) of Nil, .0,5 10 18 t <( 

(\10 .0 24 0 (i2 i :i3 4 02 ^frlns ])er litres 

From tlie .solubility of the oxub* m acj ainmoma, ami tin* < omlm tivitv and pot-eiitial 
of the .soln , W Boiihdorff showed that tlic ammomaeal soln j»robably eoiitams 
coiiijile.\(',s of eadmium tetrammino-oxide. < 'dlNn;d 4 fl ami 11. Filler found the 
equilibrium eon.stant to be k •; lU"^. The < oniplexes were studied by W, Gaus, 
H. M I) awson and .1. Met’rae, W. BoiisdorlT, eti-. F. Fbler compared tiie t4*iideney 
of the different metals to form coinplexe.s with ammonia W, BonK<lorff foumi 
that tlic amnioma-base formed by eadmium oxide is rather weaker than the one 
formed witli imkel oxide, and he found that the stabiblv of the c<nn|ilex with 
zim* is alamt lot) tunes greater than that of tlm complex with <adnimni. 

The peptization of zinc hydroxide bv a soln (»f sodium hydroxide in glycerol 
or sugar is a ciise of chemical action fx*eau.s«‘ the electrical eondiietivity of the 
alkali soln. is lowen'd by the ad<lition of the zme hydroxide -vide mercuric liydroxide. 
As previously indicated, zine disHolves slowly in a soln. of potasfium or SOdiUDl 
hydroridP, forming what is n'gardtd os a s<dn of alkali zim ate. The ignit4>d oxide 
dis.solvcs slowly, and the hydrated oxide rapidly in the alkali lye. According to 
(J. Bonnet,* two jiarts of zinc- oxide dissolve in five parts of potash lye of sp. gr. 1 .3 ; 
and W. J. Hharwood not<‘d that the s<ffubility of zinc oxide is less with soln. of 
(lotaasium hydroxule than with soln. of sodium hvdroxi<ie, and that with dib, say 
soln. of the alkali-lye - thus cold soln. with Hlti rnols of j»otii,ssjum hydroxide 
or sodium hydroxide dissolved respectively '2 4 and 4 5 mols of zinc oxide ; hot soln. 
dissolve rather nmre, but when boiled, the soln. is de<omjK)8<*d and zinc oxide is 
precipitated. Dil. soln. of alkali-lye arc readily dccoinjmscd ; and cone, soln. 
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become turbid whea diluted with a large proportion of water. A. B. Pws(otl 
found that more than four moli of KOH are needed for the aoln. of one mol ol 
Zn(OH)ji, hydroxide k precipitated when the sat. soln. ie diluted with J:> 

vok of water. Aiwut three times as much alkali is needed for the soln. of the ziiit 
hydroxide at 50‘' as at According to W. Herz, freshly precipitated zinc 

hydroxide readily dissolves in excess of jwtassium hydroxide and is completely 
dissolved when for 1 Zn there are 6 OH groups. If, however, the zinc hydroxide is 
pmvloualy dried at in a vacuum desiccator, it becomes comparatively 

dJMcuJt to dissolve, and is only completely dissolved when for 1 Zn there are 35'S OH 
groups in the soln. B. Kuriloff found that when potassium hydroxide is added 
to a soln, of zinc chloride or sulphate, the excess needed to dissolve the precipitate 
first forme(l is greaU'r the more diJ, the soln,, and greater for the sulphate than for 
the (ihloridft. J. K. Wood found that the solubility of zinc hydroxide in soln. of 
sodium hydroxide at 25° is : 

MoisNaOH . 0 2030 0-3871 0-6414 0-9280 

MolijZn(OH), , . 0-00311 00067 0 0129 00426 

J. Rubenbauer found that the quantity of zinc hydroxide dissolved by soln. of 
sodium hydroxide varies with the cone, of the latter. There is a maxuiium solubility 
for the atomic ratio ; Zn : Na— 1 : 3. The maximum is attributed to the decreased 
solubility owing to increasing hydrolysis the more dil, the soln., and to the dehydra- 
tion of the hydroxide by the cone, alkali soln. whereby it is transformed into a less 
soluble form. When zinc; hydroxide is treated with alkali, more dissolves at first 
than corresponds with the true equilibrium under the prevailing conditions, for 
such soln. spontaneously deposit more or less zinc hydroxide according to the (onc. 
When potassium hydroxide is gradually added to a soln. of zinc sulphate, zinc 
hydroxide is precipitated, and subsequently redissolved. Fig. 25 shows the relation 
between the amount of zinc hydroxide precipi- 
tated and the proportion of potassium hydroxide 
in soln. Thu precipitation of zinc hydroxide is 
complete when 1()2 mols of potassium hydroxide 
per mol of zinc sulphate are present in the soln., 
and soln. is complete only when 13 2 mols of 
potassium hydroxide per mol of zinc sulphate are 
present. 

According to A. Hautzsch, zinc hydroxide 
separates from its alkaline soln. as a fine, dense 
powder soluble with difficulty in sodium hydroxide 
soln., but he does not b*'lieve an isomeric or poly- 
meric modification is formed, rath('r is the di- 
minished solubility to be attributed to (i) a 
physical alU'ration of the surface, and (ii) to a dehydration of the hydroxide by 
the alkali. A. W. Buchner, and R. Schindler noted that when the soln. of zinc 
hydroxide in potassium hydroxide is exposed to air, a precipitate containing zinc 
oxide, potassium hydroxide, and carbon dioxide is formed ; if the soln. be boiled, 
zinc hydroxide alone is precipitated. If some silica is present, a double silicate of 
zinc and potassium is precipitated. 

R. Kreiuaim found that when an alkaline soln. of zinc hydroxide is electrolyzed, 
the prooortion of zinc at the anode increases, and the anion is in consequence 
assumed to contain zinc, and the soln. is not to be regarded as a colloidal soln. of 
zinc hydroxide. G. Bredig, however, objected that the migration experiments do 
not prove that anionic complexes are present because colloidal suspensions them- 
selves migrate under the influence of an electric current ; but R. Eremann replied 
that the order of magnitude of the migration of zinc in alkaline soln. shows that the 
phenomenon is not due to migration in colloidal soln. W. Biltz found that during 
electrolysis colloidal zinc and cadmium hydroxides migrate to the cathode. 
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Hen found tJiat vhen a soln. of nno hydroxide in aUcaU lye is ditlyxed, very 
'little }>A8se8 through the ©jeiiibrAiie, but hydroxide ie precipitated on the meuibrane, 
And he thendore inferred that the alkali aoln. oontaina part of the zinc aa xint'ate, 
and part aa collotdal oxide. F. G. Cottrell also studied the ratt' of diffusion of these 
Boln. When an alkaline soln. of xino hydroxide is warmed or when sodium chloride 
is added, most of the anc hydroxide separates out. and from the elwtrical con- 
ductivity, and the effect on the speed of hydrolysis of ethyl aietate, A. Hantjtach 
inferred that the xinc hydroxide is an extremely weak acid, and is mainly urt'w'nt 
in soln. in the colloidal form ; that the hydroxide acts as a munubasic acid ; and 
that there are no grounds for assuming the existence of a dibasic acid, ILZnOjt 
A. Hantzsch said ; 

Zmo and ber>' Ilium hydroxides behave like very wiMik acids, hut tho fonm^r scarcely 
deserves the name acid l^ausc tho existence.’! of alkali s^inoatos in a<]. soln. can no longer 
be cstabluitied for zinc hydroxide spontaneously st^paratod from tho soln. (alinost tho whole 
of it under certain conditions) when flooeulah^ by w'armiiig or by troat inent willi sotliiun 
clilorido, as in the case of colloidal soln. The main quantity of icino hydroxide in these 
aoln. is therefore present in the colloidal form. 

0. Klein suggested that A, Hantxsch was misled by using very di). soln., for 
the solubility of the oxide is jiroportional to the amount of alkali ]>rcsi'iit, and this 
agrees with the assumption that a definite com))ound is formed. As previously 
indicated, 0. Klein assumed that there are thn*e modifications of the hydroxide 
-vide Ix'rylliuia hydroxide. By dropjiing a soln. of xinc suljihaU' into a soln. of 
potassium hydroxide until the precipitate just fails to dissolve, it w assumed that 
the soln. is just sat. with tho most soluble and least stable /f-form ; if the soln. 
be allowed to stand it deposits crystals of the if-form ; and these soon pass into the 
least soluble (Morm. Expreasing cone, in mols per litre, at 18"^, 

jl'forni A'form C>fortn 

Ckmo. KOH . . 0 640 0 330 0 100 0 310 

Cone. Zn(OH). , 2 78 2-02 0 90 2*76 

Tlie whole of the results are represcnU*d by the 
graphs, Fig. 2(3. It is assumed that the 
A 'form IS HjjZn^Oj, which ionix(*s H2Zn203 
=2H’-|-Zn208", 80 that [H']*(Zn203'")~jki 
—0 (38x10"**^*. The B-forin is assumed to 
be H2Zn02, which ionizes H2Zn02x=*2H‘ 

-f-Zn02"', so that [H]*[Zn02"]=A:2=0'71 
Xl(l“2®, The C'forni is similar in compo- 
sition to the B'form, and its constant 
jk3— <)‘27 Xl0“*®. These assumptions agree 
with the obst'rvations of W. Herz, J. K Wood, 
and J. Rubenbauer. 0. Klein added that 
there is no evidence of colloidal xinc hydroxide 
in the soln. 

G. Carrara and G. B. Vespignani mea- 
sured the electrical conductivity of soln. of 
003575 grm. of zinc oxide in Id.) c.c. of 
JA^-KOH, when the soln. is so diluted that 
it contains an eq. of KOH in v litres, and 
foimd : 

V . . 6 10 20 40 

A . . 200 23 202 10 212 08 216 48 

From electrometric measurements F. Kunsebert inferr<*d that a soln. of xinc 
hydroxide in cone, sodium hydroxide contains sodium xincate, Na2ZnO{, i.e. the 
B^um salt of dibasic xincic acid, H2ZnOt, wbicb furnishes bivalent anions ZnO^^" ; 


0 200 0 06 0 280 0 100 0 0081 

2 00 0 04 6-25 0-323 0 26 



MoUm per litre 


Fia. 26.— Solubility of tho I.>iiToroDt 
Forms of Zinc Hydroxide in Solu* 
tions of Potaiwiuni Hydroxido, at 
18". 

80 160 320 640 

21644 213 92 207 36 100 72 
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With dil Boln. of the alkali hydroxide nodium hydrozincate, NaHZnO^, is pres(‘nt, 
and it furniabcs univalent io«« HZnO./. Both Ha/t« are stiabie only in the preaence 
of an excess of alkali. G. Bodlander calculated the stability constant and the 
energy of formation of HZnO^, and obtained respectively I'OxlO* and 834<) 
4-670 log [Zn][Ofl]'Vf cals., where C denotes the cone, of the complex ion in mols 
j>cr litre; K, Kunscdiert obtained respectively 2*5x10® and 16,520 cals, at 18°. 
0. Bodliinder also found the e.m.f, of the soln. of s()dium zincate in contact with 
the metal against the hydrogen electrode, to ls‘ ri30~0'020 log 
and for the heat of formation in cals, per giam-ion of the comjtlex from the metal 
and anions, lie obtained rj2<)<JO- 1340 log f '/IOlip. J. K. Wood found 60 per cent, 
hydrolysis in a ^‘-W-soln. of sodium zincate. 

J, Moir regards the dissolution of zme hydroxide by a soln of an alkali hydroxide 
as an e»|uilibrium phenomenon between the alkali and zincie acid. The equilibrium 
may be reached from both sides: (i) adding an exce.s.s of zinc hydroxide to an alkali 
lye ; oi (ii) diluting a cone, soln sat with zinc hydroxide. ,1 Uloir found no 
evidence of the existence of a delinite compound in hi.s .nolubility curves of zinc 
hydroxide in soln. of O’OliV- to TA'-alkali. If x represent.s the niimlxT of mols of 
potassium or sodium hydroxide, and y the number of moi.s of zinc oxide <ii.‘i.solved, 

J, Moir found tin* observed result.s could be approximately rej)resented by the 
empirical relation: y(x 1 2) OlKjlxfTDx f 6). The observed results obtained by 
diluting a sat. soln. are sometimes abnormal owing to the persistence of a state of 
supersaturation, but in time, a state of stable eijiiilibrmm is attained. P. Sciiooji 
has studied the electrochmnical formation of alkali zincate soln, 

A, Bonnet found that when a soln. of pota.ssium zmeuti* is evaj»orat('d to dryness, 
and the residue fused, an enamel-like mass is formed from whicli water extracts 
the alkali, and when the ,soln. is treated with eight vols of alcohol, nearly all the 
zinc oxide, is deposit«*d K. VV'ohh’r obtained a Imsie zme carbonate by exposing 
in air a soln. of zinc oxuh’ in one of sodium hydroxide. M Laiix found that when 
a cone. soln. of potassium zincate is <‘overed with a iayei of alcohol, small shining 
crystals of potassium sdneate, KoZnO^, <'ontaining Zn() ; K.O 1:1, are deposik'd ; 
the crystals are readily decomposed by water, and when tlm soln is boiled, a white 
powder is formed containing ZnO : K^O - 2:1. A L. Voege obtained this l om- 
pound in a si'eondary reaction between electrolytically formc'd ])otahsuim huiroxidi* 
and a zinc cathode ; G. Carrara and G. B. Vespignam obtained it by the dissolution 
of zinc oxide in an excess of a moderately cone. soln. of jiotassium hydroxide ; and 
W. J. Sharwood by the soln. of zinc cyanide in a dil. soln. containing two or more 
than two mols of potassium hyilroxide. E. Fremy reporkd that when ahohol is 
added to a cone. soln. of potassium zincate*, long needles of pohixMi/ni 

K. jZn 203 , with ZnO : K 2 O — 2 : 1, are deposib'd ; these are immediately decomposed 
bv water, forming zinc and potassium hydroxides. A. M. Comey and (' L Jackson 
did not conlirm the exisknee of this compound but obtained msh-ad aiiiorfihous 
zinc oxide. W. J. Hharwood claimed to have made a compound, K^ZnOo 8KOH, 
by the action of potassium cyanide on zinc oxide. J. Moir found no grounds for 
assuming the existence of these products as climnical individuals. 

A. M. Comey and C. L. Jackson found that when alcohol is shaken with a com*. 
Boln. of zinc oxide in sodium hydroxide, the liipiid separates into two layers. The 
lower aq. layer was treated with alcohol two or three times when it solidilied 
to a crystailine mass which melts at about 7U , and has the lomposition 
NoiU^ZusO^.lTlLO. The ah-oholic soln. deposits lustrous needles which do not 
melt at 300°, and have the composition 2(NaO.ZnOH).7H20. and correspond with 
E. Fr^my’s potassium compound. F. Forster and 0. Giinther could prepare 
only one sodium sincate, NaO.Zn.OH.JH^O, in while heialles with a silky lustre 
by crystallization from a soln. of zinc in sodium hydroxide. El. Jordis obtained 
crystals of sodium zincate, Zn( 0 Na} 2 .«H 30 , in a galvanic cell in which zinc was 
employed as a negative pole in a soln. of sodium hydroxide. F. Goudriaan found 
only one stable sodium zincate, Na2Zn02.4H20, at 30", and the conditions of 
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equilibrium are indicated in Table III, and Fii;. 27. ScKliuiu ziiicate (oruia what 
is called an inoongruent svhdion, for, on adding water, it does not yield a 


TA.BLK 111.-- Syctkm Na,0 ZnO -H,Oat 3U^. 
Fcrc«-ntaa« coui(M.tiUtk>u of aoIuUoil 


Siilld ph,<iuM.w, 


.\j,o 

ZmU 

H,U 


11-H 

2-6 * 

85 6 

ZhO 

21 U 

12 0 

62 8 

Zull 

27 3 

160 

56-7 

Znl ) 

2: 8 

16 5 

55 7 

ZnO ^ Nil, O.ZnO 411,0 

28 0 

14 9 ! 

57 1 

Xa,0 ZnO 411,0 

:i3 2 

11 2 

5.') 6 

Na,0 ZnO 411,0 

:m 8 

9 9 i 

51 6 

Nh, 0 ZnO 411,0 

:ii» 2 

9 7 

51 1 

Nu,0 Zn0.4l!,0 j Nn, 0.3 11,0 

;i9 4 

9-0 

I 51 6 

; Na,o:iH.O 

40-7 

2 0 

57 3 

N«, 0.3 11,0 

40!J 

11 

S 58 0 

Na, 0.31 1,0 

41 9 

no 

58 1 

i 

; Nn,0.3H,0 


ZffO 



Kio. 27.- Tfrnarv Sywl^'in : ZnO 
- iTjO'ut 30^ 


Nh,0 


Himple M.1I1L, hut one of the (•oni|»oiient:> ."ejiarub'H out. Not only does Ihe 

addition of water t<t the solid salt eause a Ke|>aration of zinc <».vide, hut the 
dilution of the soln. of sodium hyilroxide 
])roduce8 the aanie result. The rang<- 
of Htabilitv is indicated in Tabh* IH 
aufl in the ao'omjtanving diaj;rain. 

The .salt is decom()o.sed hy soln. helow 
•i cone, of one part of Hodmm hydro.viti*' 
to two parts of wah-r. The erv-stals 
are also hydrolyzed hy thJ per cent 
alcohol, and a mixture of amorphous 
zinc oxide or hydroxide and sodium 
zincatc i.s formed, the rdative projmr- 
tions of the two depend on the jiro- 
portion of alcohol employed and the 
duration of the operation. T}ie.s<* facts 
also explain the various results obtained 
by dilTerent inve8ti;'ators, and show 
that many mixtures must have b<jen 
rcfKirtcd as chemical in<Iividuals. F. (ioudrnuin studietl the conditions of eijui* 
librium of the Wnary system: Na^O— ZnO -Hd) at .K) : and a few data from 
his list arc indicated in Table HI. The results are plott<*d in Fig. 27, w'here the 
curve, AB repre84‘nt.s the increasing solubility of zinc oxide in soln. of increasing cone, 
in sodium hydroxubr ; lUJ, the solubility with Na^O ZnO,4H20 as solid phasi* ; and 
( D, the solubility with NasO.SHjO, f.c. NaOH.H./), as solid phase. AF repre- 
sents the mctastable s/dubility-curve of crystalline, zinc hydroxid<‘, so that other 
circumstances being equal, the solubility of crystalline zinc hydroxide is greater 
than that of zinc oxide. Consequently, at 3fC there is only one stable sodium 
zincate, namely, Na.2ZnO2.4H2O, All the other zincates whieli have been reported 
must be regarded as metaatable or as non-existent. 

According to C. U. Shepard, the mineral cakimincite from Franklin, New Jersey, 
has the composition CaO, 7'.% ; ZnO, 81 tX); H.2 O, 4 ’26 jht cent. ; its sp. gr. is 
3'95. M. Reiche obtained a cement which was very hard, and resistant towards 
salt soln., by heating a mixture of a mol of zinc oxide with two mols of calcium 
oxide in the presence of water, and under a high press. G. Bertrand prepared 
VOL. IV. 2 U 
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CakhUQ lilioaie, CaH2(Zn02)2.4H20, or Ca(0.Zn0H)2.4H20, in brilliant lozenge^ 
shaped pkUfs when ammonia i» withdrawn from the sat. ammoniacal soln. of zinc 
oxJae and lime wati^r, by evaporation over sulphuric acid. The salt absorbs carbon 
dioxide from air when it becomes opaque, and is decomposed by water into zinc 
oxide and lime ; it does not lose water at 125’", but is decomposed at a dull red 
beat The corresponding strODtiam zincate, SrH2(Zu02)2’7H20, was m^de in a 
similar manner in the form of flattened lozenge-shaped crystals ; and iMUinin 
cincate, BaH 2 (Zn 02)2 7H20, crystallized in brilliant flattened needles. 

According to S. Meunier.^ cadmium oxide dissolves in molten potassium 
hydroxide, and, after washing the potassium hydroxide away from the cold mass, 
yellow crystals of potaifliom cadmiate remain ; they contain cadmium oxide, 
pofaasium hydroxide, and wat<*r. They are insoluble in water, but are slowly 
decomposed when in contact with that menstruum. Similar results w'cn* obtained 
with sodium hydroxide- sodium cadmiate. L. Rolla and R. Salani found that 
fused sodium hydroxide shows two ])oints of cathodic decomposition, the lower 
one, 1*20 volts, corresponding with the discharge potential of the hydrogen-ions; 
the higher point, corresponding with the discharge potential of the sodium-ions, 
has the value 2 ‘08 volts at RH) , 2*13 volts at tl2\ and 2*21 at With the 


mixtures containing zinc or cadmium oxide, the decomposition occurring is that of 
zinc or cadmium hydroxide, the decomposition tensions for the zinc- and cadmium- 
ions being, respectively, 180 and 0*89 volts. When zinc oxide is fuscil with 
magnesiam ohloride, K. A. Hofmann and K. Hdsc hele found volatile zinc chloride 
is’ formed. 

^0 and cadmium peroxides.— L. .1. Thenards obtained dvutoxHk de zinc 
or zinc peroxide by treating zinc hydroxide with hydrogen peroxide at O'". The 
gelatinous mass gives off oxygen slowly at ordinary temp., and rapidly at 100°. 
When treated with acids, it forms a zinc salt and hydrogen peroxide, L. j. Thenard 
found that the additional oxygen taken up was rather mor(‘ than half that originally 
present in the monoxide, and coimluded that per-oxidation was incomplete. 
K. Haas conlirmed thest^ results, and he foumi the (omposition of the product 
varied ladweeti ZtijOg and ZnjjOs. and he considered the pres(*nce of hydroxide is 
necessary for the formation of the peroxide. His prmluct was a white, odourless, 
tasteless, neutral, gelatinous mass ; fairly stable to acids, waU‘r, and heat. When 
a soln. of zinc sulphate is added to an excess of a soln. of soilium hydroxidr containing 
hydrogen jieroxide, zinc is precipitat'd in a peroxidized form. K. di* Fonrand 
obtained a number of int'rmediatt' peroxides. For example, 4Zn0.Ho0.3H202, or, 
less probably, Zn407.4H20, is obtained by shaking zinc hydroxide suspended in 
wattT with hydrogen peroxide containing 2 to 3 times as much active oxygen as is 
needed to convert the zinc oxide into the dioxide, Zn02. The ))roduct loses no 
oxygen in a desiccator at ordinary' temp. When heated to 1(J0 it [iroduces 
hyi^peroxide, 3Zn0.H20.2H202, or, less probably, Zn3()5.3H.20 At l!K)°, it 
doromjioses explosively into hydrat'd zinc oxide. When 4Zn() H<,0.3H202 is 
treat'd with an excess of hydrogen peroxide, it forms ZnO H20.H2(L- h'ss probably 
formulated Zn02.2H2O. This compound prodiiees 3Zn0.2H202, which is less 
probably represented by Zn805,2H20. B. B. Kuriloff claimed that only one definit' 
peroxide, Zn02.Zn(0H)2, has been proved to exist, and he regards this as the end- 
product of the oxidation. J, F. Eijkman boiled a soln. of zinc sulphat', which had 
been treated with enough aq. ammonia to dissolve tlie precipitate first formed, with 
30 per cent, hydrogen peroxide. The pale-yellow granular precipitate is stable 
up to nearly 130°. It is soluble in aq. sodium hydroxide with the evolution of 
oxygen ; it explodes when heated to about 212° ; and when mixed with aluminium 
or zinc powder, it burns with a dazzling light. F. W. Sjostrom left ignited zinc 
oxide for several hours in contact with the calculated amount of a 30 per cent, 
soln. of hydrogt'ii peroxide at —10°. The product was a pasty mass above 2°, 
and when dried at 3r)°-40° on a |>orouB plate over soda-lime, it furnished a white 
powder corresponding with HO.ZngO.O.OH. 
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U is not clear whether the product of the action of hydrogen peroxide on zinc 
oxide is to be regarded as a salt of hydrogen peroxide^ or as an addition product 
with hydrogen peroxide of crystallisation. The above-mentioned products can be 
r^rd^ as mixtures of zinc peroxide with the unconverted hydroxiae. 0. Carrasco 
dilated zinc oxide with an ethereal soln. of hydrogen proxide in excess and obtained 
a product which, when dried at 60''-70^, hatl the composition Zn407.2Ht0. It is 
stable at 70°-^®, and is not affected by cold water, but with hot water at 100**, it 
forms ZnjOs.HjO. Both compounds art‘ rt‘ddwh-yeUow powders which explode 
near 212“. 0, Carrasco claimed that these two products an*, hydrated peroxides, and 
not additive compound.^ of coiidenwnl hydrates of zinc oxide with hydrogen peroxide, 
because they contain less water iiiols. than active oxyg<‘n atoms. In structure they 
differ from the peroxides of other metals, and an* to b<* considered as perzinew 
acids of the following probable constitutions : HO.Zn.O.O.Zn.O.O.Zn.O.O.Zn.OH 
and HO.Zn.O.O.Zn.O.O.Zn.OH. According to P. Kazanecky, the action of a 
3t) per rent. soln. of hydrogen peroxide soln. on potassium, sodium, or ammonium 
zincoxixle results in tlie formation of a whib*, microcr^'stalline precipitate, which 
is found to consist of a zinc peroxide. ZnOo-U^O, containing an admixt-un* of zinc 
carbonate, the presence of the latter being due to the strong alkalinity of the soln. 
in which the reaction takes j)lace. When the peroxide is heat<‘d, explosive evolution 
of oxygen and wab*r occurs at 178“. When heated with dil. sulphuric acid, it 
yields hydrogen peroxide, whilst, with cone, hydrochloric acid, chlorine is evolved. 
The peroxide must, indeed, la* regarded as «“onKisting of three moleeules of Zn02, 
one of which is the dioxide corresponding with an acid anhydride, the other two 
representing true zinc peroxide : 

Zn<^(Za : 0 : OljjSHjO. 

P. Kazaneoky, and F. W. Sjdstrom an* agr»‘ed that those zim* peroxidt's which have 
been des<Til)ed pn*vioasly by various authors consist of mixtures derived either 
from zinc hydroxide, Zn(OH)_,, or from zin<- hvdr(»})eroxide, HO.Zn D.Zn.OH, and 
the repn'seiitatives an* rc8i>ectively HO Zn.O OH, or HO.Zn O.Zn.O.OH. E. I?bler 
and R. L. Kraiw* proposod tlie term juvoxydaU- for additive compounds of hydrogen 
peroxide, and peroxiU' for the salts of hydrogen }>eroxide regarded as a dibasic acid. 
A soln, of hydrogen jieroxide is extracted with ether, and the (‘xtract is dried with 
anhydrous sodium sulphaU* and added gradually to a cooled soln. of zine (*thyl in 
dry ether. Ethane m evolved, and a white, amor)ihous pr<*cipitate is fornu‘d, 
which is washed with ether and dri*‘d in a vacuum. It has the composition ZnOg, 
^HjO, is slowly decomposed by acids, yielding hydrogen peix)xide, or violently by 
heat, evolving oxygen. Water hydrolyzes it very slowly, an equilibrium being 
reached. The compound acts on a photographic plate. 

Zinc peroxides have been recommended in various forms as antiseptics because 
they are odourless, and non- irritant. There are various preparations. E. Merck’s 
zinc perhydrol is made by treating dry zinc oxide with pure hydrogen pproxid<* ; 
F. J. Homeycr's preparation was made by treating sodium or barium peroxide with 
zinc chloride ; M. Frenkers ectogan conteins 2H to G() per cent, of zinc jajroxide ; 
R. Wolfeiistein precipitated zinc peroxide on alumina ; and F. Hinz’s jireparation 
was made by the electrolysis of zinc chloride with hydrogen peroxide alK)Ut the 
cathode. R. von Foregger and H. Philipp found commercial zinc jx'roxide averaged 
50 per cent. Zn02, along with zinc hydroxide and moisture. It is a yellowish- 
white powder of sp. gr. 1571 ; it is ver>" stable, and does not lose its svailabh* 
oxygen at 170®. At 100®, the moisture evaporates without affecting the product 
itself, so that by this procedure the substance gains in jx'rcentage of peroxide. 
Zinc peroxide suspended in water is very permanent and very slightly soluble 
(one part in 45,500). In acids of any kind it is readily soluble. Organic matter, 
tf moist, or if acid in reaction, decomi^se.** it gra«liiai]y. It is indifferent to mineral 
hydrocarbons, inasmuch as they contain no free acid. This characteristic is 
enential for the preparation of ointments, a form in which it is widely used. 
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R. Haas made cadmium peroxide, analogous to zinc peroxide, with a coni' 
position ranging from Cd^Og to Cd805. G. Kriiss believed that pure tadmium 
peroxide could be made by the action of hydrogen peroxide on cadmium hydroxide. 
B. B. KurilofT made what approximated to Cd02.Cd(0H)2, by repeatedly evaporating 
to dryness a mixture of cacbnium hydroxide and a dil, soln. of hydrogen peroxide. 
The yellow crystalline powder is insoluble in aq. ammonia; it yields hydrogen per- 
oxide when treated with acids ; and it is dccompofM‘d at 180'". J. F. Eijkman 
obtained what he regarded as 4Cd02.Cd(0ri)2, by boiling an anunoniacal soln. of 
cadmium hydroxide with hydrogen peroxide. The yellow powder is darkened by 
exposure to light, and superficially forms cadmium o^fide ; it ex])lode8 at 190° ; 
and is not dissolved by a soln. of sodium hydroxide. W. Manehot reported that 
('admium (»xide formed by the low temp, oxidation of the metal in air, contains 
some dioxule, CdO^. 
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§ 11, Zinc and Cadmium Fluorides 

If .Mots.siii fnuiul ^ that liuoriuc ha.s vi-ry litth- adion on y.iiu' in lh<' I’old, hut 
will'll h'-ati’il, till' /.ini' hums witli u hrilliant lijilit, forinmi' zinc lluorulc. ZnK;. 
J. li (lay Lu.'^.''ac and L J ’L’hcnani <ilil;uin'd a o^.hiiinouH prci ipilato liy addiii}^ 
puta.'C'iiim liuoridc to a .Miln of /ini- hulpliatr, and tin* prccipitaB' wjn n dried foriiird 
white {lowder , a .similar product wan obtained by tin* action of hydrolluoric acid 
on zinc. .1. .1, Bcr/eliii.s likcwi.M* made cadmium fluoride, CdF 2 , kv ‘‘Vaporaiion 
of a solii. of cadmium lu iiidroduoric acid. W. MilU prejiared Huoiide of llie mctalK 
w'lio.sc Halts arc jirccipitalilc by ammonia- -c.//. aluminium, cliromium, ma^ncHUim. 
manjianesc, zinc, etc.— iiv adding* ummuniiini liuoridc, or unimoma and liydro 
liuoric acid, to a .noln, of the chloride or Huljdiato of tin* metal On cvaporatinjyf 
.‘loln of zme liuoridc in dil. livdrolluoric aud, Minall whiti- rliomhic ervHtalK of tetra- 
hydrated zinc fluoride, un* obtained, J. (J dc .MariiJinac made 

anbydroUH zinc fluoride* ZnFu. by hcatmii the livdraB’d salt to !<Ki" ; 11. Moissaii, 
fiy wa.8hing the product of the action of hydrolluoric arid on zme carbonati* and 
drying at ‘jetr, C. Poulenc, by the action of hydrogen liuoridc on zinc or zanc 
oxide at a red heat, or on hydrated zinc chloride at BtAP-lKJl) ; 0. (lallo “ made* 
anhydrous zinc fluoride by heating the hydrat<‘d fluoride, or zinc lluoHilicati- for 
2 hrs. at 12.') '; C. Poulenc made crystals of anhydrouH cadmium fluoride, f'dFj., 
hy the same process as he employed for the zinc salt. 

Anhydrous zinc fluoride forms colourh-ss iiecdle-like crystals Ix'longmg cither to 
the inonociinic or triclinic system, The cry'stals of tetrahydrati’d zinc fluoride 
belong to the rhombic system with axial ratios, according to J. C. (i. de Mangnac., 
(i:b: c=0’60.M : 1 : 0*4396. The sp. gr. of anhydrous zinc fluoride is f'84 (15"'), 
according to C. Poulenc, and, according to K, W. Clark(*, 4 6P2 (12 ) and 4’556 (17°) ; 



534 


INORGANIC AND THEORETICAL CHEMISTRY 


for anhydrous cadmium fluoride, C. Poulenc gives 6’64 (16®), and F. W, Clarke, 
6*994 (22®). W. Biltz said that, aseuming the sp. gr. of rinc and cadmium 
fluorides are 4 HI and 5‘91#4, the respective mol. vol. are 21*4 and 26*09 
G, Gallo gave 7.'14 ' for the m.p. of zinc fluoride. The m.p. of cadmium 
fluoride, acrording to T. Carnelley, is r)2<y , but, according to 0. Ruff and 
W. Plato, it m over lUX)® ; the best representative values for the m.p. of zinc 
and cadmium fluorides are respectively 734® and 520®. Zinc fluoride is perceptibly 
volatile at 8<X)“, but cadmium fluoride not even at 12<XJ®. According to 
K. Petorsen, the heat of neutralization Zn(OH)2-|-2HF»q.=25‘10 Cals., and 
Cd(OH)2 f2HK»g.. ”15*56 Cals, ; 0. Mulert gave for (CdO, 2HF) =23*48 cals, per 
mol; and, ae<ording to M. Berthelot, (Zn, Cals. ; and (Cd, F^, aq.)* 

25*56 (v'als. at 15 '. 

According to J. J. Berzelius, tetrahydrated zinc fluoride dissolves sparingly 
in water, but more readily in water acjdifled with hydrofluoric, hydrochloric, or nitric 
acid ; a similar observation was made with cadmium fluoride, and A. Jager explained 
the phenomenon by assuming that an acid or complex compound is formed. 
V, W. 8 c 1 hm‘ 1 i% and J. L. Gay Lussae. and L. J. Thenanl obtained zlnc hydrofluoride, 
or zinc acid fluoride, by dissolving the normal fluoride in hydrofluoric acid, or zinc 
in an i-xccss of tin* same aeid. The solubility of cadmium fluoride in water at 25® 

^ is 0*289 mol. per litre-- or 1(X) c.e. of a sat. aq. sol. of cadmium fluoride at 25' contain 
'4*30 grms. CilF^ -and in 10*8iV-llK, 0*,‘l72 mol. per litre. Anhydrous zinc fluoride 
if4 very sjiaringly soluhle in <old water. According to F. Kohlrau.sch and 
G\ Bodliinder, a litre of wator di.s.solve8 0*0tXX)5 mol. of zme fluoride at IH® ; and 
K1 Dietz says a litre of water dissolves 16 grins, of ZnF.2 4H20 at 18'’. Zinc and 
caiimium fluorides are insoluble m ah ohol, and in hydrochloric, nitric, and sulphuric 
acijls, but they dissolve in the boiling mcn.strua ; cadmium fluoride is readily 
soluble in dil. mineral acids. When eudmium lluoride is evaporated with sulphuric 
acid, anhydrou.s cadmium sulpliato i.s formed. Zinc or (admium fluoride can be 
riiduced by hydrogen ; when heated in air, or with wuUt vup., the metal oxide is 
formed. H. Hchulzt' completely eonverted the iluorule into o.xide by lieating it in 
a stream of oxygen. Hydrogen sulphide, transform.^ zinc or cadmium fluoride 
into the metal sulphide ; and with hydrogen chloride, cadmium fluoride forms 
eaiimium chloride. When zinc or cadmium fluoride is meltod with alkali carbonato, 
alkali fluorides, and the metal oxide are formed ; zinc fluoride witii tiiioii) 1 chloride, 
furnished M. Meslcns with thiony! fluoride, SOF.,. According to H. Mois-san,” 
phoH|)horus tribromido converts zinc fluoride into bromide, but phosphorus tri- 
ehloride has very little action, presumably because its volatility makes its mass 
action low. 

Zinc fluoriile is readily soluble in aqua ammonia, and it readily forms double 
salts with the alkali fluorides. R. Wagner, and II. von lielmolt prepared ammonium 
zinc fluoride, 2Nll4F.ZnF2.2iLO, as a crystalline ])owder by the action of zinc- 
hydroxide on a hot soln. of auunoniuiu fluoride - ammonia is at the same time 
evolved. He also obtained similar results with cadiuimu fluoride ; the product of 
the action is ammonium cadmium fluoride, NH4F.CdF2 - almost insoluble in water, 
but soluble in Iniiling acids. R. Wagner made the same comjioiind by the action 
of a soln. of ammonium fluoride in eonc. aqua ammonia on frt-shly precipitated 
zinc oxide. R. Wagner made sodium ZillO fluoride, NaF.ZnF2, f 1*0111 a mixture 
of the component salts. J. J. Berzelius, and R. Wagner obtained crystals of 
potassium IWC fluoride, KF.ZnF2, by evaporating a soln. of the component salts ; 
C. Poulenc’s analyst's agree with 2KF.ZnF2. 
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§ 12. Zinc tnd Cadmium Chk>nd68 

According to H. Kopp, ni his cliiiwiral GV^rAic/dc dvr ('hvmtv {RraiuiHchweig, 
1847), a mixtim* of tine chloride wa« first dmriliod bv J. H. Glauber, m his l)v 
f\mm nuids phdoMrphids (Atusteiodaini, I(MS) : 

(Jltuiu Uijndm ialaininarie ih ubtaiii*d by digi'Htmg ratantino m strong spirit of salt, 
aiul htrongl\ lioatuig the Mulntioii, whereby a phirgma w given off, luid there nnuains a 
ihiek *»il, as unetuous as ohve oil, and not Hjavially eorro«i\e, iHM-auiu' the epirttuH nnd^n 
has ilw'lf U’en weakened by dissoUtiig the calaimne, and (lieit^hy lost lU riharpnoHS This 
'»1‘ ttut nni»t be well prutoc'Ud from the air, otherwise, it attnuMa ho itiueh air im to form a 
wat«'ry lujuid. 

K, Stroiiieyer * lirst descnbetl eatlmium chloride in 1818, 

OtluT iiiethoda of preparing what eaine to U* l alleti huUvr of zinc — beunc dc 
2nu\ buhjrmn zinci, ZntkbiiHir were <li.scoven‘d by J. H. I’ott, J. llellot, 

In 1782, F. Gallisch noticed that zinc foriiia a aubHUntH.* reswinbling butter when 
It ia exposed to the actum of dephlogisticabul muriatic acid thlorine and in 
1700 J. F. Westrumb found tliat finely divided tine fires spontaneously in the same 
gas. R. Cowjier, liowever, in 188,1, obsiTved that while the surface of zinc is 
attacked bv chlorine wliich has passed through about 8 feet of one-inch tubing 
closely packed with anhydrous jmrous calcium chloride, it is nof attacked if the 
< hlorine be allowed to stand some days in cont^W't with freshly fusid ealciuui 
chloride. H Davy also noWd thin strijis of zinc burn in I’hloriue gas with a white 
flame, forming zinc chloride ; J. J. Berzelius made the same compound by passing 
dry cldonne over molten zinc — the action, he says, is attended by the emission of 
vivid sparks ; and 8. Griinauer says that with well-dried chlorine, and the purest 
ttvaiiabie zinc, the reaction proa-eds gradually. Zinc can also be clilorinated by 
heating it with twice its weight of meriuru- chloride (J. II, Pott, 1741); with 
animomum chloride (J. Hellot, 1735) ; with silicon chloride (N. N, BeketofT) ; 
with lead chloride (S. Griinauer) ; with phoK])lioru8 oxyi hloride (B. Iteinitzer and 
II. Goldschmidt) ; and other chiorid<*s of the metalloids Many iiietliods of pre- 
paration de|>end upon the volatility of zinc chloride, which, when anhvdroua, 
Uils between 7(K)'' and 7.'j(P ; similar obsiTvatioiis ajiply to cadmium cliloride. 
This projs’rty enables the zine chloride to Is; distilled from less volatile products. 
If iron Ih* present, the ferric chloride distils first. G, P, Baxter and A, B, laimb 
obtained anhydrous zinc chloride by heating ammonium zinc chloride in a 
stream of hydrogen chloride ; and G. P. Baxter and M. A. Hines obtained anhydrous 
cadmium cliloride in a similar manner. B. H. Jacobson found that a little bromine 
acts as a catalytic agent in the chlorination of zinc. 

Hydrated zinc chloride crystallizes from its a<^. soln. obtained by dissolving^ 
the metal, oxide, or carbonate in hydrochloric acid, or by treating soln. of the 
chlorides of metals which are precipitated by zinc— c.iy. cupric c.hloride. According 
to R. Dietz,' an aq. soln. can be evaporated to 80 |>er cent. ZnCI^ at 50" over phos- 
phorus pentoxide. R. Engel (1886) noticed that there an* conditions when the 
anhydrous chloride can exist in contact with its aq. soln. ; for example, F, Mylius 
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and R. Dietz found that un 85'5 per cent. solu. at 68° crystallizes at the room 
temp, in about 24 hrs., furnishing oetabedralor prismatic cjy’stals of zinc chloride; 
and the solubility curves, Fig. 29, show that the solid phase in aq. sola, over 28° is 
the anhydrous chloride. Like the other chlorides of this family, the evaporation 
of an aq, sola, of zinc chloride is atUmded by hydrolytic dissociation ; so that, as 
noted by C. F. Wenzel in 1777, by heating a sat. soin. of zinc in hydrochloric acid, 
a part of the acid is expelled ; and, as noted by J. Davy, a murture of zinc chlorich* 
and oxide is obtained as a residue, but V. von Czepinsky and R. Lorenz showed 
that the product obtained even by melting zinc chloride, still contains a considerable 
amount of water, hydrogen chloride, or both. J. B. A. Dumas obtained cadmium 
chloride by evaporating a soln. of cadmium chloride *in a stteam of hydiogen 
chloride. Both J. If. Bolt, and G. Brandt di.stilled zinc chloride from the residue 
obtained by evaj)orating an arj. soln. of zinc chloride to dryness- similar observations 
apply to cadmium chloride. W. L. Hardin sublimed the cadmium salt in a com- 
bustion tube in a stream of dry carbon dioxide. 

C. Matignon and K. Bourion chlorinat»‘d zme oxule by heating it in a stream of 
chlorine mix»‘d with sulphur chloride vup. ; K. J. Bayer treated zinc oxide suspended 
in water with chloiine: t>ZnO 1 dCL o/nCl.^ | Zn(('10;d-2, and heat<*d the resulting 
soln. with alkali chlorides, or treated the zinc oxide and alkali chloride together 
with chlorine until the last of the zin<- oxuh* is dis.solved. .Many inqmrities are 
not chlorinati’d until after the zinc, and thus remain insoluble : t3Zn()'l-KC'l-f- 
3ZnClo ( KdOa. The liquid when cone, to a sp. gr, I'lt furnishes on cooling 
crystels of alkali chlorate. The mother liquid now contains very little chlorate, 
and it is treated with hydrochloric acid and evaporab'd to dryne.ss to obtain zinc 
chloride. K. J. Bayer <laims that there is a larger yield of chlorate with zim* 
oxide than when lime or magnesia is used, and that there is a large demand for 
the by>])roduct, zinc chloride. K. Prior obtained zinc chloride as a by-product 
in the chlorinating roast of zinc sulphide ores mi.xed with sodium or calcium chloride 
and carbon, and subsequently volatilized at a higher temp ; G. Carrara apjdied a 
similar principle to chlorinating zinc oxides, carbonatics, and hydrosilicates. 
K. H. Wikaiuh'r made anhydrous zinc i hloride by conducting a mixture of hydn>gen 
chloride and air over zinc ferrous materials at a red heat. We,s<‘nfeld, Dicke, & Co. 
chlorinated zinc oxid«\ sulphide, or carbonate, by mixing it with a soln. of ferric 
chloride. Tin* excess of ferric chloride was then decomposed m the warm soln. 
by a current of air. 

J. F, Persoz obtained anhydrous zinc chloride, by distilling a mixture of zinc 
sulphate and calcium chloride. C. llensgen chlorinated zinc sulphate by the ai'tion 
of dry hydrogen chloride at 225°- 250 ; and by treating a soln. of zinc sulphate 
with the chloride of a metal which forms a sparingly soluble sulphate. Thus, 
D. C. PajuMiguth added calcium chloride to a soln. of zinc sulphate, and evaporated 
tlu' filtrate ; even sodium chloride will do at a temj). below 0°, for ]\ B. Sadtler 
and W. H. Walker a])plied A. J. Balard’s proce.ss for Glauber’s salt and cooled a 
soln. of zinc sulphate and sodium chloride whereby Glaubt'r’s salt cr\-stallized out 
and zinc chloride remained in soln. They say that nearly a 100 per cent, yield 
can be obtained. According to F. Ke.s.sler, sodium zinc sulphate s(q)arates at 10° 
from a soln. containing a mol of zinc sulphate with two mols of sodium chloride ; 
at 0°, Glauber’s salt alone separates out and ziiu' chloride remains in soln. F. Kappel 
treated roasted zinciferous pyrites with sul])huric acid containing an excess of 
sodium chloride. The resulting soln. of zinc and sodium chlorides was treated with 
hydrogen chloride or cone, hydrochloric acid, friM* from the jirecipitated salt, and 
neutralized w'ith zinc. In G. P. Baxter’s work on atomic weights (q.v.) are described 
methods for the pre])aration of zinc and cadmium halides of a high degree of purity. 

The properties oi line and cadminm chlorides.— Molten- zinc chloride is a 
soluble refracting fluid, and it congeals to a white vitreous or porcelain-like mass, 
which, according to K. Lorenz,** is more hygroscopic than phosphorus pentoxide. 
Molten cadmium chloride forms a white mass with a metallic lustre ; according to 
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A Wilkinson, if pivpared by paswin^ chtorin<‘ over niolU>n cadmium, the colour 
i« red — jJONsibly from the pretnuiee of the colloidal metal. According to M. Oroger, 
the eublimed salt forms transparent mieadike plalea ; VV. L. Hardin obtaiinHl 
platr-Iike erisials resembling mother-of-fiearl ; white needlea have turn n‘]>ort<*d ; 
and G. Vmld obtained granular cryatals. 0. Ldinmnn .studied the crystals of 
this salt; the crystal system is probably hexagonal. H. Dietz found the 
anhydrous crystals formed as solid phas<* in aq. soln. over *28' an* ocUkhedral or 
prismatic K. F. Farnau studied the ClTStalloluminescenoe of the zinc and 
cadmium halides. 

Acconliug to H. C. D. Bbdeker,^ anhydrous zinc chloride has a 8P6Ci&0 glivity 
of 2*7r>a (13"^), while G. P. Baxter and A. B lainib, a,s a mean of five determinations, 
give the mean value at 2;V (w'ater unitv). For anhvdroUH cadmium chlorule 
II, V. I). Biklckcr gives 3 C334 (12^) ; F. W. Clarke, 3 fi.V) (Ifi'tJ^) and 3 ‘138 (23 ) ; 
ami G. 1*. Baxter and M A. Hme.s. us a mean of five determinations. 1 (G7 at 25" 
(water unitv). U Jiorenz, 11. Frei. and A. Jabs give for the sp. gr. IJ of molten 
ca<lniium chloridi* at 6 between tilin' and 8tHr, J) ()175 tltKIllftO. Assuming 
the U-st n'presmitative gr of zinc and cadmium chloruhs arc respci tividy 2 91 
and 4Uo, the rc.spcctive imil vols are and IT) 3. W. Bilt-z gave Ifi lS for the 
mol vol of cadmium chloride ,\ .1 Uabiiiowitseh measured tin- sp. gr. of stiln. 
of the la.st-iiame(l ^alt . as also tin* viseositv. 

The rep<irt<‘d numbers for the melting point of anhydrous zim- chloride vary 
from K. I./orenz'.s ^ 2’>n to K. Iltu KmeiNter‘s283\ 'rin* reason for the large dilfiTeiicc 
i.s probably <luc to the mom or less imj)erfeet dehydration of the salt used m the 
determination : for aiihvdroUKciulmiuiiHdiloridc tin* numbers vary from L. Graetz's 
538" t<i 0 H Wt'ber H .’»!MI The best represent aiiv«‘ values may )«> taken as 2'.Itl‘' 
for zinc chloride, and .‘)ti8 for cailmium chloride. 0. Hulf and W. Plato obtained 
a luinmaiiu in the ni p. curve pf mi.xturcs of <*admium Huonde and ililonde at 
about .')l(a and 81 molar p<T I'cnt. of thi* clilorale, Fig. 28 
point of auhvdrous zin*’ chloride is 7'5<I , a< wording to 
V, .Meyer and F. Freyer ; T. Carnellev ami W. C. Williams* 
data ranged from 710' to 7.'ltC ; and for anhydrous cadiuium 
< blonde from 801 to ‘.I.’)!— (). }{, WcIht gives HOI. 

The he, 'll repre.seiitative values are 7.'10° for zinc chloride 
and HtkC fur cadmium chloride. C. Zc*nghelis says that 
zinc chloride evaporat<*s at ordinary t^unp. U'caus*’ a piece 
of zinc chloride aft<*r standing over a silver jilub* cnis. 
away for live da)s produced a grey film on tlie metal. 

Acconling to V, and C. Meyer.® the vapOUT density of 
zinc chloride at 8H1 ' is 4'r).‘i ; and at tHl7 ', 4 (il ; while 
the value calculated for Znt'l.j is 4 7<i A WiTiicr deter- 
mined tin- mol. \vt in organic .solvents Pi Beckmann 
found the mol. wt., of zim- chloride in iMuling ipiinoliue to 
be virtually normal 13H when the calculat'd value for 
ZnCL is 130 3 ; N. Castoro also found a normal value for the f.j). of urethane ; 
K, Is'Mpieau found high values for the f.p. of ether mpresentiug ])olymenzation 
with mol. wt. 2iKh 280, and r)40. E. Beckmann obtained a mol. wt. 185 for 
soln. of cadmium chloride in boiling quinoline, the calculated value for f’dCI^ ^ 
183; L. Kiigheimer, in boiling bismuth trichloride, 187'3 to 1H31 ; G. Taiiunann 
obtained abnormal values for the lowering of the vap, prt'ss. of soln. of cadmium 
chloride in water ; J. L. R. Morgan and H. K. Be.nson obtaim*d 158 for the 
mol. wt, of cadmium chloride in fused trihydrated lithium nitrat*. A. Werner 
found the solubility in piperidine to be t4X) low to enable a mol wrt, determina- 
tion to be made. 

0. H. Weber 7 calculated the heat of fotion of cadmium chloride to be 10*5 Cals 
and the beat of TEporizatiOll, 260 Cals. H. V. Regnault found the ipeci^ heat 
of vitreous zinc chloride between 21" and 99" to be 0 1362 ; C, Helmreich gives for 


Likewise, th<' boiling 
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ondmiuxn chloride between 0° and 30®, 009362 ; between 0° and 50®, 0 09533 ; and 
between 0® and 70®, 0-09701. According to J. C. G. dc Marignac, the sp. and mol. 
ht of Boln. of zinc chloride between 19® and 51® are for soln. with a mol of salt : 

Mol»ofH,0. 10 16 25 50 100 200 

Sv. ht. 0 6212 0*7042 0*7900 0*8842 0*9330 0*9390 

Molht. . 196-6 280*1 400*7 910 0 1807 3583 

A. Bliimcke has ahto measured the up. ht. of soln. of zinc chloride, and C. Heimreich 
of 8oin. of cadmium chloride : 

Per oent. CdCl, . 17*12 32 16 47*05 

8p. ht. 0 " to 80 " . 0*83149 0 80960 0*81409 

Sp. ht, 0 " to 50 " . 0*70187 0 09174 0*09419 

Sp. ht. 0 " to 70 " 0*66910 0*66367 0*60677 

0. Jager found the heat OOZldactiTity of wattir is reduced aj)proximately 0-00473 for 
each per cent, of zinc chloride in soln. The heat conductivity of a 17-5 per cent. 
Boln. of zinc chloride Ih 91-5 (wat<‘r UK)), and of a 35 per cent, soln,, 83 7. W. Beetz’a 
values for the absolute conductiviticH of aoln. of sp. f.;r. 1 132 and 1 870 are respec- 
tively 0-00436 and 0-(X)370 between 8® and 14® ; and OOOlKiO and 0*00445 between 
36® and 28®. 

J. ThoniHen^ found the heat o! formation (Zn, cy to be 97-2 l*al«., and 
M. Berthelot, 97-2 Cals. ; K. de Forcrand, 98 73 C’als. ; and R. l^^renz from 428® 
to 608®, 95*547 Cals. V. von Czepinsky calculates the mol. ht. of formation to be 
95-869 Cals, at 408® ; 96*101 Cals, at 468® : and 185 146 Cals, at 688® ; and from 
J. Thomsen’s value for the heat of formation, he gives the h(‘at of formation at 
408® as 95-902—Q, and at 468®, 97‘59~-y, where denotes the unknown mol, ht. 
of fusion. E. E. Boiuermeier found the heat of dissolution of zinc in IICl -f 1 91 
to be 30-43 Cals, per gram-atom; and T. W. Richards and T. Thorvaldson, 
Zn-f2(flCl, 2lK)H2O)=:ZuCl2.40OH2O-f-H2 to be 36 32 Cals, for dry hydrogen and 
36'07 Cals, for moist hydrogen at 20°. The total energy change, U, is 36 !H) Cals, 
at 20® ; the temp, coeff. is negative, probably — 0-0,’K) Cal. per degree. T. W. Bichards 
and S. Tamaru found Cd i 2(HCI, 20()H20)— CdCl2.4(X)H20-f-H2 Ht 20® to be 17-23 
Cals, with dry hydrogen, and 16‘98 Cals, with moist hydrogen, f/- -17-81 C^als. at 
20®; and the t(*mp. eoelf. is negative, —0-071 Cal. per degree with cone, acid, and 
— 0'0,'X) Cal. j>er degree with dil. acids. J . Thomsen also gave (Zn, ( ’l.j, aq.)) 1 12-3Cals. ; 
(Cd, CI2), 93 2 Cals,, a number in agreement with M. Berthelot’s value. H. S. Taylor 
and G. 8. J. Rerrott give 93-8 Cals, for the heat of formation of cadmium chloride from 
its elements. J. Thomsen also gives (Cd, CL, 2aq.), 95 49 Cals. ; and for (CdCl2, 
2H2O), 2 25 Cals. R. Lorenz and M. G. Fox calculate 86’8 Cals, for the heat of 
formation of molten cadmium chloride between 560° and 740®. The crystals of 
zine chloride have a strong affinity for water, and they delicjuesce rapidly in air. 

J. Thomsen's value for the hMt ot solution of a mol of zinc chloride in 400 mols of 
water at 18° is 15’63 Cals. ; and for cadmium chloride, S'Ol Cals. ; M. Berthelot’s 
value for cadmium chloride at 10° is 3 0 Cals. The heat of soln. for CdCl2.H20 is 
0-625 Cal., and for what was thought to be CdCl2.2H20, —2-28 Cals. S. U. Picker 
ing’s value for the heat of soln. of zine chloride is 15-22 Cals. J. Thomsen's values 
for the hoftt ot dilution of a soln. of a mol of zinc chloride in 5 mob of water until 
the whole soln. contains 10, 100, and 400 mols of watt'r are n^sjxjctively 1-849, 6-809, 
and 8*02 Cals. C. H. A. Wright and C. Thompson’s values for the heat of dilution 
of arZn0l2+KX)H2O to 0-25ZnCl2-|-100H20 for x— 0-5, 0 4 Cal. j>er mol ; for 
x=s5, 4-8 Cals. ; and for x~25, 9 0 Cals, pr mol. According to W. Nernst, cone, 
soln. of zinc chloride are ideal in the sense that the heat of dilution is eq. to the 
change of free energy on dilution. C. R. A. Wright and C. Thompson also find 
the heat develoiied in diluting 5CdCl2+100H20 to ()-25CdCl2-f IOOH2O is O'lCal. 
[)er mol. J. Thomsen also found the hett ol IMUtnliiation Zn(OH)2+2HCi in 
very dil. soln. to Iw 19-881 cals., and of Cd(OH)2*f 2HC1, 20 295 cals. H. &hultze • 
found the el60trioal oonduotivity of solid zinc chloride at 230® to be 0 000008. 
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In 1850, R. Schindlei nnnly^ *inr chbride and deduc'd tht‘ formuJu 
ZnClj. 2 H 20 , and H. Kngcl deacribed tlmH» hydratt'a which iic ladicvcd to be 
ZnCl^.llll^O, Ziirig.2UjO, and ZnCljj.ilHjjO. Tin* work of K. Myliua and R. iJieU 
has thrown lonHuh rable light on the characUT of the hydratea of rint* ihioride. 
K. Myliua and R. DieU's aolubility curvea of itmc i hloride in wat4‘r are shown in 
Fig. 29. The curvea bc*tween 0" and 3t>" were quite < ornplex. since aeveral hydratca 
inay exist. In all, there ar»‘ hy- 
drutcH ZnCIj;H*0 ; Znt'ia UHjiO ; 

ZnCV2JHjjO; ZnClj.aHjtO; and 
ZnClg. 4 H 2 O K. Kngel re jKirted di- 
hijdnUrti zuiccUondf, ZnCL.-Hgf^). 
to Ik* formed by cooling in i<'e a 
79 9 |K*r cent. soln. of xmc chlo- 
ride. R. Dictr (1899), and A. 
fitartl (1894) also descnlx'd the 
|)a*|iaration of this salt. If. IjCh- 
coeur (1891) also says the va]». 

|*r<*sM. I urve of liydrated zinc 
chloridi* correnpondB with this 
hydrate*, but the later work of 
K. Mylius and U Dietz (1*.H6) 
has thn.)wn a doubt on its 
exisU'iice, for they say that 
tetruhydraU’d zinc chloride, 

Zrd.’lo IH 2 O, IS the .solid phase 
in aq. soln. 1 k*1ow -IkJ*’. The 
eutectic witli ice and tetrahy- 
(1 rail'd zinc chloride oecurs at 
when the soln. has 51 per 
cent, of ZiiCL. The solubility 
curve rises from A to //at —30 
when the soln. has (il f) per cent. 

ZnCI^; trihvdrated zme chloride, ZnC’U'lH^^h now appears as a solid phase. 
The transition point : ZnClt.4U20^Zn(’l2.3H20 \ H^O, is at - .'JO'. The 

solubility of tribydrated zinc chloride at 0 , is l>7 r> jier cent., and following 
the curve BCD, the tnhydraU'd salt melts at C, O' .5% 710 per cent. Znf'l^^ ftnd 
falls to the eutectic D, O', when the solubility is 7.5 5 jicr cent ZnC'l^, nnd the solid 
phasi'M arc trihydrated zinc chloride and scsijuihydrat/eil zinc chloride, Zn(!l 2 . 1 Ili 20 , 
which ap|)ears as a new solid phase. A transition point ap]>ears at 20', // in the 
solubility curve of the sesquihydrated salt, DFIi, when the soln. contains 80 9 jMtr 
cent. Zndj A new jihasc zinc monohydrated chloride, ZnCl^.H^O, now appears. 
The solubility curve of the triaquo-salt may take a course dificrent from BCD for 
the solid phas4* at C, about 0 5'', may suffer a change ; 0 l>ecomeK a transition 
point, and a new phase, hcmijientahydrated zinc chloride, ZnCl* 2 JH. 2 O, nnw 
ap{)car, and the solubility curve of this salt is repn^simtcd by ('EF ; at 12T>‘'. E, 
this salt melts, and there is 7r)'2 per cx*nt. of ZuClg in soln. ; at the euU‘ctic 
11’5^, F, 77 per cent. ZnC'lg, there are the solid j»has(*s hemi|s*ntahydratcd 
zinc chloride and the new phase zinc w*squihydrat<*d chloride, ZnCL-liRgO. 
The solubility curve of the s4*squi hydrated salt, F/f, has a transition point at 
26®, H, 80 9 per cent. 2inCl£ when the solid phase is zinc sew^uihvdrateii chloride, 
ZnClji.l^HjO, and the new phase monohydrated zinc chloride, ZnCl^.H^O. The 
solubility curve of the monohydrated chloride has a transition jK^int, J, 26*3", 
when the soln. has 81*2 per cent, of ZnClg, and solid jihases monohydrat^nl zinc 
chloride, and the new phase, anhydrous zinc chloride ZnCi^. wIitmc solubility 
curve, represented by JV, terminates at 262®, the m.p. of anhydrous zinc 
chloride : 



Fio. 20 -Solululity Curves t)f Zinc Chlontic. 
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2fl'3’ 40“ 60’ 80* 100’ 262’ 

Per oont. ZnClj. . . 812 81 9 83 0 84 4 86 0 100 0 

The unstable regiont* of the solubility curve are dotted in the diagram. 

The higheet hydrated Halt: tetrahydrated zlne ehloride, ZnC’L. 411,0, wcui prepared by 
F. Myliun and K. Dietz m largo prismatic crystaln by cooling a 65 4 |K:r cent. sohi. below 
— 30^ The solubility curve has been jilotb'd, Fig. 29, from the tranHition point —30® 
down to the eutectic with ice at —62®, although undercooled soln. down to 70“ have 
been obtained. Very hygroscopic rhombic plates, and cubic crystals of trihydrated zloe 
ahlorlda, ZnCl,. 311,0, resembling sodium chloride have br^en obtained by K. Kngel by 
keeping a 70'fi iKsr cent, solri. of zinc chloride at 0® for 24 hrs. The crystallization starts 
when the soln. nos l>ecn allowed to stand a few hours. F. My bus and H. Dietz obtained 
the same result by keujiing a 70’5 per cent. soln. Ijidwecn —10® and — 16“ for 2 or 3 hre 
and rubbing on the vessel with a glass rod; 11. Jones and H. P Bassett, at -17“; 
K. Lubarsky, at — 2l“. I he in.p. is given b<*tween 4" and 7®. The range of stability and 
solubility is indicated in the diagram. U. Dietz inatie hemlpentahydrated zlnc ChlOlide, 
XnCI,. 2^11,0, m rhombic plates by cooling a 74 per cent, soln to O’, or a 76'2 per cent. 
Holn. to “ 10® and rubbing on tlie bottom of tlm vessel with a gla.ss rod The crystals 
are stable lietween 6® and the m.p,, 12-5“ or 13’. H. Dietz made tielujui sccnt jmsmatie 
crystals of Miqulhydrated line chloride, ZnCl,.lJH,0, by cooling a neutral S3 i>cr cent 
soln. to 0", warming the crystalline iiulss to 20®, and transferring th«' crystals to a 81 per 
cent. soln. F. Mylius ami H. Dietz also obtained the crystals by cooling a 83 5 per cent, 
•oin, K. Mng<4 made the ciystals by evaporating in a de.siccator over ])hosphorus pentoxide, 
the mother li(|uor remaining after the I'rystallization of a 79 9 per cent soln. 'I'le' crystals 
melt at 26“ m’cording to it. Engel, the heat of the hand sutlicis to im lt them. By mixing 
hydrochloric acid with a syrupy soln. of zinc chloride, II. SchmdhT obtained deluiucHcent 
hexagonal plates which H. Dietz showed to bo monohydrated line Chloride, Znt 1,11,0, 
and the latter obtained similar ( rystulB by slowly cooling a S6 per I'cnl. neutral M>ln 
and transferring the crystal mass to u 82 per cent soln. ; F. Myliu.s and It Didz oh- 
tamed the erystals by allowing a H3 5 per cimt soln 
to stand many day.s; and II ('. Jones and II. P Bas- 
sett obtained the same salt by crystallization at a 
high temp. 'J'he range of stability shown in Fig. 29 
w small— between 26“ and 28®. 

A. Stromever*^ in 1818, and K. J .loiin in 
IHP.I, described a hydrate of cailiniuni chloride 
which J. J. BcrzidiiiH believed to be ilifiiiiliithd 
{•(uhniuni r/i/orh/c, (M( Ihetz believes 
tliat the so-called dibydrati'd salt of the older 
investigators is the liemipentahydrated salt, hut. 
as K. Drueker remarks, tii(‘ exisb'iiee of it Dietz’s 
hemlpentahydrated salt cannot he regarded as 
ilbi’r (lUe Ziirifii. The ht'ptdtnttilii/dnitnl ( tulniiuin 
vlilorldc, of H, Urossmanii ami 

B. Sehiiek IS prohuhly eitlier the di- or lieimpenta- 
hvdrateil salt. H. Dietz's curves of the soluhility 
of cadmium chloridi* from — h"" to pKi arc shown 
in Fig. 3(1. It is simpler than that of zinc chlo- 
ride. R. Dietz’s data up to pKi , and X. fitard’s 
from 1211’ 277"', are ; 

-r -6" 0" 3U’ 34’ 4ir 100’ 120' 

Per cent. CdCl,, . 43 6 46 2 47 4 56 3 57-4 67-6 69 5 63 0 

aoUdphMOB CdCl,.4H,0 ^ (MCI, .2» 11,0 CdCI, n,o 

and at ITO"’, 68‘4 per cent, ; at 200'^, 72 per cent. ; and at 270 '^, 77'7 i>er cent. 
CdCl^. At the two transition points D, —5*^, and K, SI"", there are two solid phases 
in the former case, CdCU-iHgO and CdCl 2.2 JH^O ; and in tlie latter cast', CkiCl 2 . 2 |H() 
and CdCljj.HoO. The unstable exti'nsion of the solubility curve of the tetrahydrated 
salt AD is the dotted line DB. At R, 12'")®, the soln. has r)7'3 per cent, of CdCU, 
and here the two solid phasi's arc C\lCl2.4H20 and (M('^L.H20. The unstable region 
in the solubility curve of the monohydrated salt i.s represented by the dotted 
line BE, 





ZINC AND CADMIUM 


Ml 


N. Worobipff rpportfd the fomation of eklorid*^ C<JCI,,RH,0, by 

ooolii^ a 50 {>«-r cent, eoln of cadmiiun ehlorido to 14**, and drying th« cirstalM WtwtH'u 
blottinit! pajMT. He a<id8 that the eryst-ala melt between 21 '5° and 2S**. H. DteU failed 
to coatinn the exmtence of this salt, but H. I,oaoieur and K. Diet* have shown the wm- 
dittonN under which iatnl^dratad eadmiam ohlorlda. t'dClt.4H|0, is formeil, and itH 
solubility is indK'ated in Fig. 30. Some of the older reports of dihydra(<Hl oadraiuni 
chJondo really apply to this salt. Accordmg to 8. I’. Pickering, K. von Hauer, and others, 
dthf^irnied catirnium rhtoridr, CdCl|.2H,0, is foriiuyl when soln. of cadmium chloride are 
eva{X)rat<xl at ordinary temp., and. aicording to N, Worobieff, when soln. art' orystallised 
at 100°. Acconling to K. Dietz, and K. Sudliaus, the salt is really hamlpantlliydntttd 
eadmlum chloride. The holuhility cur\'e is indicattxl ui Fig. 30. It 'is traivsfonned into 
monohydraU'd cadmium chloride at 34° (R Dietz) ; at 33° to 33 72° by dilatometrie 
measun'ments, or at 34 1° by cK>clrometric iiiiNSMUtvinente (F. t'olit-n). J. Thomsen gives 
Its heat of formation as 05 49 Cals, and its heat of soln. in 4(X) mols of water at 1$° is 0'7d 
Cal . ami, aeeording to S. U. I’lckerimr, i(a heat of soln. i« 2 284 Cals Aeeonling to A. Kook, 
tlie ervstals are isonioqihous with dihydratcil barium ehloridi'. The crystals wertv once 
to be rhomhic, but K. Dietz said that they aro monoelinio with axial rnlio* a; 6 : e 
W-.0-4181 ; 1’ and with /i-OT’ 27'. According to 8. C. IVkermg, luul K. Cohen, the 
evaporation of a soln. at a high tf'mp. fumishea fine m^Milc.like or columniar oiystals of 
monohydyated cadmium chloride, ('dCI,.H,(). H. I>'M*a*ur made the sani<''sHif by 
evaporating the mother liquid remaining after t|io tetrahydrat^Hi salt has cryslaJlizwl out ; 
and (J. Viurd, by pocmitution from a soln. of cadmium i hloride by the addition of a not 
too great excess of sulphuric luud. H. Is.'«c<i*ur ohtiuiuyl ovidenee of its existence from the 
\H[». prt'H.s curves, and he says its dissociation press, is about 60 mm. at H0°, 161 iiini. at 
KMC, and 232 nun. at 110°, and, m’cording to tJ. Viard, it pivss<‘s into the anhydrous salt 
if kept in vacuo for a long time. I'lie heat of soln , iM-eording to S. V Piekeriiig, is 0 025 Cal, 

1 he ''olubility curve and range of stability ore shown in Fig. 30 

The specific ^vities of aq. Holn of zinc chloride have been di.'K'rinincd by 
I’ Krcmers.i- C Rendi r. F. Kohlrauscb. 1) J. Mcndcleeff, 1). Dijkcn, .), II. Ixing, 
\ S M. van dcr Willigcn, etc. J. H. Isuig’s data at arc : 

Perecnl /ntl, 0 6991 2-.60 4 89 1000 20(10 29 80 40 00 68 88 

Sp.gr l(HH)r>0 1 02t 1 040 1-094 1 094 1-297 1-42;) 1728 

The value for the per < eiit wiln. iK hv 1). Dijken .1. Wagimr’s vuIucm at. 

•Jo for A'-. J.V-, and JA' hoin arc respectively Id.V.Hi, and 1 i)0I7. 

1’ Krctiicr'', C Valson, .1 \Nagncr, H. .lahn, F. .1. Wcr.shovcn, S. Oppenhennor, 
etc , have hkcwisi' nie.ihured the ,sp gr. of Koln. of eadniium ( hloridc. K. Hiron's 
|icrcentagc values, p, at 2(i tO(i;i (waK-r at 1 ' unity) are : 

IVr eent. CdCl, . 0 849 .6 ()1 8 010 10 05 28-(il 32 52 40 49 61-21 

S)' gr. . 10002 1 0437 1 0720 1 1013 1 :)090 1 :)059 l OOll 1-7020 

Till' first two valiie.s arc by 0. (irotrian at 18 . K. Biron a rcsulta are very well 
represented by the interjiolat ion formula: J) n-ti98:i-l ti-(K)87144p4-0(XKK)474;)* 
f <i'(KXXXXHd)l;r'^. F. Fouqu<* lia.s iiieaKured the ehanne in thi^ Hp. gr. of zinc chloride 
Holn. with teni]). ; P. Krenier.s, the vol. oc cupied liy cadmium zinc eliloridc? aoln of 
different cone. ; and fl. llap}»art ahow’ed that the <-oritraction which oci-ura during 
the wiin, of solid zm<- chloride, ap gr. 2 T').'! (I.’’) ), to form UK) r ,e. of a p per cent. 
wdM,,i8; f’ontraetion <t (i(i214(i(Xi - y/)p ; and for cadmium ehloride : Contraction 

(MKilt4(l<Xi -p)p. According to W, (Mwald, a normal wiln. of zinc chloride 
luiM the sj>. vol. U 'JOUiidG. M. L Frankenheim reprewntM the vol,, v, of a aoln. at 6 
liy the expresaion; r d (Xl(MM>i;j2<idC and Iwdh ?. Kremera and 

0. Forch have measured the thermal expansion of noln. of different cone., and 
found fur L\-, A’-, and 2A'-»o!n. between 0 and .u", rcajuTtively, (mmii, K (KX)1I8 
and 0(XHJ271 ; between and lO'\ (ifAXtlOt), 0(K)017.‘j, and 0fXX)3ir); between 
10" and 15", 0(XX)ir)4, 0-000228, and 0(XXl,‘551 ; between 15 and 20', OtXXl216, 

0 (XA)270. and 0 (XXj308 ; between 20" and 25°, 0 0(XT2f)5. 0-(XX)323, and O'tXXHM ; 
between 25° and .30", 0-(XX)3(KI, O tXXXiG?, and 0-fXX)407 ; between 30° and 35°, 
0-(XX)a51, 0 000410, and 0 000504 : lietween .35° and 40°, 0*00390, 0-(XX)447, and 
0-000526. 

The viscosities of aoln. of zine and cadmium chlorides have been measured by 
J. Wagner, 13 and he finds (water unity) : 
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1-^526 

1 0310 1-0202 • 

0. Pulvcrmacher alwo studied the viscosity of soln. of zinc chloride. According to 
F. Mylius and R. Dietz, the viscosity of the syrupy soln. of zinc chloride increases 
rapidly as the temp, falls such that at —70'', it is brittle like glass, and at the temp, 
of liquid air, owing to irregular contraction, numerous crazes appear, but no 
crystallization occurs. (I, Foussereau's value for the viscosity coeff. of molten 
zinc chloride at 262° is 5()-0, and at *101°, 347. The capillary (MMlstants of soln. of 
ajinc and cadmium ehlorid(« have been measured by C. A, Valson,^* K. Klupathy, 
M. L, Frankenheim, etc. At l.V', C. A. Valson found a »ioln. containing iv grins, of 
ZnCljj in 100 grms. of water to ascend a height of h mm. in a tube o r> mm. diameter ; 
and for (MClg a height A in a tuln^ of 0'25 mm. diameter : 


w . . . 0 6 10 15 20 26 30 

A(ZnCl,) . . 60-6 68-7 56-9 66-3 63-9 62 6 61 6 

/gCdCn,) . . 60-6 68-5 60-3 64-6 63 0 61 9 — 

The capillary constants of molkn zinc and cadmium chlorides fiave been measured 
by G. Quincke, According to S. Motylewsky, the droji-weights, H', of zinc and 
cadmium chlorides at their m.]). are respectively 72 and 105, where the surface 
tendon, o, iso -0076lf ; and the specific cohedon 2(j/D, where D is tlie sp. gr, 
at the m.p. The surftwe Omsions of soln. of zine chloride between 0° and 25° w(‘rc 
found by H, Sentis to he independent of the temp. According to J. C. Graham, 
the velocity of diffudon of 3 to 5 per eimt. soln. of zinc chloride against W’ater is 
0 628 ; and, according to 1*. de Heiui, it is not very different for soln. between 1 and 
10 per cent. cone. According to H. de Vries, the rate of diffusion in gelatin i.s 2 45 
sq. cm. per day 

The vapour pressures of soln, of zinc <‘hloride have been ineaRiiri*d by J. Moser, 

J. WalloT, G. Tammanii, and H. lii'scamr, and of cadmium chloride by 11. I.^HccDur 
and G. Tammann. According to J. Moser's data, at 20 2° for w grins, of ZnC'l^ per 
lOtX) grms. of water when u'-- 2:»0, dpjp.^ ()OS2, and dpjpw -OOlKKi;} ; 

and when w - 12r)(). d/>-- l)-55, i/p/p-- O TffK), and dpjpw^ \ for eadmium 

chloride at 1(X)°, G. Tummann’s numbers give ?c ^05, dp i/p/p 00126, 
and d/V/Hc-- () ()252 ; and for ic::=r>, dp^\m), dplp~{y\:H), and (/yV/m':^-() 026o! 
H. Leseteur found for a .sat. soln. of cadmium at 20°, a vaji. ])ress of 12 2 mm. ; 
for 0dCljj-[-4'5ll2O, IK) mm.; for OdCla-f-SriHaO, 105 mm ; (.'dC'L-f 1 oILO, 
7 mm. ; -I-I O 7 H 2 O, 6 5 mm. ; -f l-OlHjO, 62 mm. ; and -fO06 lieLw 2 nun! 
This shows a significant indication of the existence of a monohydrated salt. 

The lowering of the freezing point of dil. soln. of zinc chloride has been 
investigated by II. C. Jom‘s and co-workers, and by W. Biltz, and the results 
show ttittt J. II. van’t Hoff’s constant i falls from 2 91 for .soln. with 0(J01 mol 
per litre, to i^2 41) for soln. with 0*0819 mols per litre. H. V. Jones and co-workers, 
and W. Kistiukowsky obtained similar results with soln. of cadmium chloride. 
L. Kahlenborg and co-workers investigated the effect of cane sugar on the results. 
S. M. Johnston, and A. Benrath also measured the raising of the boiling point of 
water by cadmium chlorule. 

The refractive indices of soln. of zinc and cadmium chlorides have been mcasun'd 
by numerous investigators.*’ According to C. Chenoveau, at 16° the refractive 
index for the sodmm-line for water alone is 1-3612, and this rises from 1*3692 to 
1*380 for soln. respectively witfi 9*39 and 30*95 ]>er cent, of zinc chloride ; and for 
cadmium chloride soln. at 15°, R. de Muynck found the refractive index to rise 
from 1*36835 to 1*47314 as the cone, of the soln. ro.se from 0*159 to 0*629 mol of 
CdClj per 100 ^ms. of soln According to V. S. M. van der Willigen, for soln. of 
zinc chloride with light of different wave-lengths at 19*5’ : 

8 d . gr. a n VDKF '() H 

1-86949 1-39690 1-39884 1-39977 1 40222 1 40632 1-40797 1 41297 1-41738 

1-20930 1-87088 1-37210 1-37292 1-37616 1-37789 1-38026 1 38466 1-38846 

The disporsions of soln. of zinc chloride with 2*0687 and 32*822 grms, per 1000 
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gm*. of aoln. Are respectively (/*,— ^)/0*o-“l)^Hy3()7 end O'0a05 et 1(5'' ; end 
for cedmium chloride with 0 1954 end 0*3755 grni. per c.e., /A„=r3677 and l'3d84 
respectively ; ^»1'3646 end 13964 ; end and 1*3908. According 

*to H Jahn, the etocteomeglietkt rotltioa of the plane of {K>lari£ation for aoln. 
of fine chloride of ep. gr. 1*3300 to 1*1500 (20"| is 1*1535; and for soln. of 
cadmium chloride of 8p. gr. I 081 to 1*5645 (20 5‘), is 1 14 to 1*15. Ar(x>rduig to 
P. D. Foote and F. L. Mohler, the ionintfon potwtial of rinc chloride vapour is 
12 9 voiU. E. J. Evans studied the tblOiption ipectmm of cadmium chloride 
vajmur. J. K. C'oUiua measured the ultre-refl ab8or|>tion spectrum of aq. aoln. of 
ainc chloride. 

According to G. Foussereau,*^ the speciflQ resutanoe of s<.)lid zinc chloride, 
in ohms per c.c., is 0 0107x10* at HI**, and 2370x10® at r»9'\ and the change of 
resistance H with temp, is: log /?— 13*268 -()()73t Hid f0*0(f ill 128^ L. Graetz 
gives the tleotriotl OODductivitf of the solid (mercury urnty). 2 X lU''® at 230''; 
5X10”* at 240'; 10x10“® at 250^; and 16x10”* at 260’. M. Faraday and 
W. Hampe. find molWn zinc chloridt* to la* a very goixl conduct-or of electricity. 

G. Koussert'au give.s ii! =31*1 IKK)— 1646d*f0tl003366d* ; and L. Grai*tz, the 
conductivity (mercury unity), 1(X)X10"® at 262®, and 147)0x10”* at 300 '; and 

H. S. Schultze measured the conductivity over the range from 7(KI'‘ to 225®, and 
found it to fall rapidly with t<*mp. Expn*ssiim the rt*sults resistance, R, in ohms 
|)er c.c. : 

700’ 500’ ;«W 270’ 200* 2:.0* 226* 

H , . 0 460 0 104 0 00186 0 00022 0*00011 0 0O002G 0 000006 

The conductivity of cadmium chloride, according to L. Graetz, is : 

5H0' 538“ 530* 600’ 400" 4.‘W)" 420* 370* 

/^xlO• . 1470 1140 980 100 75 22 H) 7 

Tlie electromotive force of the <ell Zii | ZnCl 2 m( 40 !n | is H (NK)13{d| d^), where 

d| i.s greater than At 11. Lon*nz found with larhon elcitrodes molten 
zinc ehloride <le( <)mpo8«‘(l U'tweeii 1*49 1*50 volts, and in earhon dioxide at 167", 
at 1 *ri( >5 volts. When heated to 360®, A. E Garrett found zine and cadmium chlorides 
ionized the Kurroundmg gas ; and the energy n«c<‘ssary for the ionization of a mol 
of zme chloride at .‘i.*!.")' is 165 Cals, nearly. 

Many rnea-surements have la'cn made of th<‘ e<j. electrical conductivities of 
soln. of zme and < admiuin chlorides, A. Heydweillcr found for soln. of n mols of 
zine ehloride per litre, and 0. Grotrian, and F, J. Wershoven for cadmium chloride, 


at 18'; 

a . 

. 0 0.5 

0 1 

02 

0'6 

10 

2 0 

3*0 
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9 0 
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- 
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77-7 
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38-9 
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— 
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. 91 0 

50-0 

41 2 
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14 4 

6 9 
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The fall in the e(p conductivity of zinc chloride w'ith increasing cone, is in accord 
with the value.s obtained for the chlorides of magnesium and the alkaline eartlis, 
and hence th*- character of the ions is apjiroximati'ly the same. The complex ions 
present are therefore less than is the ease with soln. of cadmium chloride when* the 
eq. conductivity changes more rapidly with cone. H. C, Jones and co-workers 
gave for the mol. condm tivity, ft, and the percentage degree of ionization, a, with 
soln. containing a mol of cadmium chloride in v litres of soln. : 


V . 

4 

8 

32 

128 

512 

2048 

Ma’ 

23 66 

4532 

65*63 

88*34 

106 14 

121 19 

Mu* 

. 1066 

1396 

2162 

300 0 

378 8 

440 5 

«•* 

27-8 

37-4 

52'2 

72-9 

87 6 

100-0 


24-2 

31 7 

491 

681 

86 0 

100-0 


The temperaiure coeff. of the conductivity of zinc chloride soln. has been deter* 
mined by F. Kohlrausch, J. M. Ix>Dg, S. Lussana, 8. Arrhenius, and H C. Jones and 
co-workers ; and the effect of pretsure by B, Piescb, and 8. Lussana. A, J. Rabino- 
witsch studied the anomalous ionixation— 1 >. the decr«*ase in conductivity with 
dilution of cadmium chloride. 



544 


INORGANIC AND THEORETICAL CHEBflSTRY 


The tnuuport number of the anions of sq. soln. of zine chloride has been 
measured by F. Kohlrauw-h,20 W. Hittorf, G, Kurnnicll, and .1. Moser; W. Hittorf 
found that with 8f)ln. containing 1IM58, 2*7(X)r», and 53-988 grnis, of water per gram 
of cadmiaru chloride in cells without a diaphragm, the respective transport* 
numbers are 0*556, 0*555, ()*565 for the anions, and 0*444, 0'445, and 0*435 for 
the cations; and for soln, with a 2*7736 and 3^i2*87 grriis. of water per gram of 
zinc, chloride, W. Hittorf found the transport numbers of the anion to be re- 
spectively 108 and 0*7(X) ; while G. Kummell obtained 0 003 for soln. with from 
0*(X)13 to 0*(Xj51 raols ZnCl.^ pi-r litre. It therefon? follow.s that for cone. soln. of 
zinc cliloride, a comparatively large proportion of the zinc travels to the anode as 
a complex irjii G. N. L*wis and M. Kandall calculated tlie activity cocll. of the 
ions of cadmium chloride. The degree o! ionization of soln. of zinc and cadmium 
chlorides has b<‘pn calculaO-d by A. A. Noyes, 21 H. C. Jones, S. Ijabendzinsky, etc. 
There is a fall from 02*1 to 74*4 j)er cent ionization respectivi'ly for0*()0ljV- and 
()*()810iV-soln. of zinc, i-hloride ; and from 82*3 to 53*7 ])er cent, respectively for 
(>’366iV- and 20 076iY-soln. of cadmium chloride. A. Giinther-Schulze studied the 
ionization of cadmium chloride in aq. soln. 

The electromotive force between two .Suln. with n and m inols of zinc chloride 
per loo mols of waO-r was measured by G. U. A. Wright and ('. Thompson with 
(dectrodes of zinc amalgam, and also by J. Moser. The former found when m “24*4, 
and 11 9 8, the e.m.f. 112*0; when m~2'l‘'l, n-~2*0l, the e.m.f. 218*1 ; and 
when m 3*3, n -2*01, the e.m.f. - 1 1*0 ; when m -21*1, « -0*172, the e.m.f 259*0; 
wIk'Ii in 3*3, n 0*172, the* e.m.f. 519; and when w 0 25, n 0 172, the 
e.m.f. T9. The potiuitial of zinc in soln of zine ehloride against a normal calomel 
electrode is T062, T0!M), andTl04 volts respeetively for .V-, and j’,,,A-.soln 
of Zntd.j. Similar results have been obtained with soln. of cadmium chloride by 
G K. A. Wright and G. Thompson. T des Gourdes. F. Bouty, A Ilageiibach, et<-. 
'Pile temp. coc'IT. as well as the eleetromolive fer* e of various voltaic comhmiitions 
have likewise been measured .1. Kbnigsberger ' found the magnetic SUSCeptibUlty 
of aq. soln. of zinc and cadmium < hlorides, at 22 , to Im‘ (i-.'d ) x lo o (air zero) units 
of muyss ; and S. Meyer th<‘ magnetie susceptibility of powdered (.idmiiim chlorid<‘ 
at 18 ’ to be 0*25 x (air zero). 

Zinc chloride i.s used as a preservative for wood, in 1918, 3l,lnl,lli lbs. 
were used f<»r this purpose m the Units! States G. Wood .showed that Mfslium 
Huoride oilers some advantages t)\er zinc chloride, and G. M. Hunt thus .Mimmarizes 
the relative advantages of these two pn'.servativcs : 

SoliiliiUty m watt'f : /ine el9orulo w soluble lu all proportions; sodium lluoride is 
soluble to about 4 per eent 'I'oxieity : zinc oblorido is tfixlo enough to inereaso malerially 
the life of wood : sodium tbnuide i.s over twice ius toxic as zitn’ ehloride Corrosive (‘ffeel 
on stiM'l : zinc ehloride is somewhat eorrosive, hut is etiinmenly used in steel H|i{)arntus ; 
sodium tluoridi' is mueh less corrosive than zine ehloride. litToct on paint : zinc chloride 
cannot he sueeessfully painted over ; .s<xiium thiuridi' dot's not injun' paint Convcnienee 
of shipping : zine ehloiide is ship|MMi in 60 per cent. soln. or solid, hut the solid form is 
deliipieseeut and must hi' sealt'd m air-tight containers : .sothum thioiid*' is slnp|M'd as dry 
pow'der in slack cooperage. I’n'sent et>st : zinc chloride ia ahont id. per li>. : sothum 
Huoritlt' about 7 \d. jier lb. 

According H. G, Denham, 2^ the hydrolysis of zinc chloride soln : ZnGl2+2H20 
^Zn(OH) 2 -f 2 HGl. lias not attained (Mpiilihrium in 16 days ; F. L Perrot .said that 
the atah' of equilibrium is rapidly attained. With a mol of ZiiGl., in 75 mola of 
water, 3*25 per cent, of the zinc chloride ia hydrolyzed. W. Bein found that 
eadmiiim ehloride soln, are slightly hydrt)lyzed at low temp., and the amount of 
hydrolysis increases as the temp, rises. J. H. lajiig found for a mol of cadmium 
chloride per 1*06 litres at 85", a hydrolysis of 2 08 per cent, and M. Chanoz for 
J iV -soln. ^ 0*05 per eent. Zinc ehloride readily foriius basic salts. A large number 
of basic zinc ('hlorides, or zinc oxychlorides, have Iw'cn r(']ioited 2® by R. Schindler, 
R. Bunsen, G. Andr^, R. J. Kane, etc. Writing the mol. ratio in the order 
ZnO ; ZnCla : H^D, the following oxychlorides have been reported ; 9:1:3; 
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8 : 1 : 10 ; 6 ; 1 ; « ; 5J : I : « ; 5:1:6: 5:1:8; 9:2:12: 4:1:11: 4:1:6: 
4:1:0; 3:1:t; 3:1:5; 3:1:3; 5:2:20; 3:2:11; 1:3:1; ami 

7auc hydroxide or oxide i« soluble in aq. stiln. of a rine salt, and when a euije 
Boln. IS diJuUnl with water, a iMwic salt is |)n'ei|utat«*d. Ai'ctirtliiig to A. Sonlelli, 
water dm-H not pitH ijutate a basic chloride from cone, stiln. of fine < hlondc, hut 
liao heiULOZytetrachlorida, 2ZnCL.IlZuO, is |in>ci]utAted from a sat. soln. of rinc 
oxide in one of xinc chloride. Solubility determinations of rune o.vide in mj. soln 
of zinc chloride wen* found by A, Driot to indicate the existence of /nl'h l/nC (5 1 1.0 
and of Znf’L ZnO Imth of which wen' isolated. Th<‘ com)>o.sition of thes<’ 

two substances does not vaH' with tenij). The first is aniorphouh and lo.^i's MLd 
at 2tX» , and the hitter, which (ururs in microsco|iic crystal,'<, lo.'^e.som* ILO at 2.3ti , 

and de('onij»oses at a lii^dier temp. K S<'himlh‘r iiumIi' line enneaoxyidichloride» 

Znt h^.hZnt) 311.3), by a<hlin^ water t-o a svrupy soln. of ziiu- i hlonde eva|>onited 
until fumes (»f hvdrojien chloride an* evolved ; and also by lilterin|f a soln of rine 
chloritle treated with ammonia insuflicieiit for compleb* pnu ipitution K, .), Kane 
made it bv addine: potuK'ium hydro.vide to an aq soln of zine ( hlondi* until it 
resets alkaline Tin* white |»owder cannot be completely fn'cd from ehlorine bv 
iMujinj? with a soln of potassium «‘arbonafe. Jt is insoluble in water, sparmjih' 
soluble in aq. amnumia ; and ea.siiy dissolved by acids. (I .\udre made jfinc 
OCtOiydichloridet ZnCl.^ HZnO loll^O, by treatiiifi zinc diammino dihtride. 
/n( l.j 2N II.T H-O. with hot water. The heat of formation is 1 I cals. Jt .1 Kane 
made zinc hezaozydichloride, Znd.j bZnO 611.3 >. by tn atin^f y.iiie moiuimmimt 
< liloride. Zii(MldCl.^. or Zn(NH;))./'l.>..ULO, with water; and bv addine aq 
ammonia to a soln. <3 /.me chloride until the pn'cipitate partially dissolves. The 
white powder i.s insoluble in water ; when lalcineil, it lo.ses water, and a residue is 
formed from which wat4’r extracts zinc clihiride, and a higher o.xychloride rmiiams. 
(i Andre prepareil zinc pentoxydichloride, Ziidj. .'iZnO.HlLO, ' by addin;,' water 
to a Hvrup\ .soln of zinc chh)ride 'Die heat of formation is 2 cals. J<'. L l*erro( 
imwle it by pouniii' lixi c c of wat<'r at JO on .5 6 ^rms. of anhydrous zinc ( blonde ; 
and w.isliine the ma.Hs fiee from undecom|a)sed zme chloride. It is dried in vacuo, 
anti then at 3<S over .‘'iilphiiric acid ; h«* reiiaided his preparation as hexahvdral<'. 
.1 Ifabt'rmann obtain. tl zinc enneaoxytetrachloride* I'Znt’L 9Zii() 12HJ>. as a 
white ln^ol^lbll‘ powder, bv addintr dll acj. ammonia, with constant, slirrin;;, to a 
boiliii;: tone. .soln. of zim (blonde until a precijtitate appears. If (his compound 
be washed for a Ion;; time, (1. Andn* found tli.at zinC tetraoxydichloride, 
Znf’l.^.lZnfJ 1 1 H.jO, is produced ; the heat of formation is 3 2 cals If tin* salt 
2ZnCl.j.3Zn<) 1 1 lf.3) is heated with alcohol, Zn(T,.4ZnO hlf.^O is formed. This 
salt wa.s also obtained bv X. Driot — rule supra. H. tSehiiidler made zinC trioxy- 
dichloride, Znt'l.j 3ZnD 2fl2(), by boiliiiL' a fairlv cone. soln. of zinc cliloride and 
oxide ; by addin;; to a soln of zinc chloride msu(ti(‘i(*nt acj. ammonia for complet.e 
precipitation, and di^estin;; the precipitate with the mother li(piid. The former 
process gives octahedral cry.stals, the iatU'r proc<*HS, a white powder The product 
IS slightly soluble in water, easily scduhle in an aq soln. of zinc chloride, in dil, 
acids, in acj. ammonia, and in a soln. of potassium hydroxide. This salt was also 
made by Y. S. M. van der Willigen. A. Werner rr*pres<*nte(l the trihydrate by 
the structural formula 

[zn(H»Z«)J<). 

G. Andre made hexagonal plates of a |H?ntahydrat<‘ by heating a soln. of zinc 
chloride with zinc oxide ; and hr tn*ating a soln. of zinc chloride with insufficient 
ammonia for complete' precipitation. A. Maiihe uiarle the peritaliydrate by the 
action of mercuric oxide on a cold soln. of zinc chloride, and (». Andre gav(! for the 
heat of formation 2-6-30 Cals. J. Allan made crystals of zinc diammino-triozy- 
dichloride, ZnCl2.3ZnO.2NH3.4H2O, by adding alcohol to an arnraoniacal soln. of 
VOL. IV. . 2 N 
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sine chloride, and allowing the mixture to stand for some days. When zinc chlorid 
is treated with lead oxide, G. Andr^ said that a anc iMid (^ohlorid( 
3(ZnCl2.3Zn0).2(PbClj5.Pb0).14H20, ia formed ; and copper oxide gives a zk 
onprio oxyohlohde, (ZnCl2.Zn0.2Cu0)(ZnCl2-3Cu0)6H20, but mercuric oxiii 
does not form a double oxychloride. 6. Andre boiled 150 grms. of fused zii 
chloride, 40 gnus, of zinc oxide, and 4(X) grms. of water with ammonium chlorid 
and obtained zino p^toxytetrachloride, 5Zn0.2ZnCl2.26H20. He also reporte 
lino trioxytetn^hloride, 3Zn0.2ZnCl2.1lH20, obtained by boiling a soln. of zin 
chloride with zinc oxide and cooling the clear soln. A. Driot made zinc monozs 
dichloridOi ZnCl2.Zn0.l}H20, as indicated above. F. Ephraim made zinc ozyhezf 
OhloridCi 3ZnCl2.Zn().H20, by the action of a soln. of *2 mols of zinc chloride on 
mol of lithium carbonate. The six-sided plates lose water when heated, and- the 
give off vapours of zinc chloride. Water decomposes the salt with the separatio 
of zinc hydroxide. It is soluble in dil. acids. G. Andre made zinc dodccamminc 
oxychloride, 2ZnCl2.ZnO.i2NH3.4H2O, or 6ZnCl2.ZnO.i2NH8.4H2O, by dissolvin 
anhydrous zinc chloride in cone, ammonia, and eva[>orating the clear li({uid. Th 
heat of formation with liquid water is given as 134 58 Cals. In the absence of 
systematic study in the light of the phase rule, apart from chemical analyses, ther 
is little te) show which of thesi' salts is a chemical individual, and which a mixture 
There is little doubt that s^^veral of these oxychlorides are mixtures, and the remark 
with resp(?ct to the magnesium oxychlorides apply to the zinc and cadmium oxy 
chlorides. U. de Forcrand said that G. Andre’s products art^ probably additioi 
uroducts of zinc chloride and zinc hydroxide. G. Rousseau obtained zinc oxychloride 
by heating a cone. soln. of zinc dioxide with the carbonates of the alkaline earths. 

K. 8or(‘l prepared a cement, Snrel's cenieni, by a proc’ess analogous to tha 
employed for Sorel’s magnesia cement, and it was recommended as a dental cemen 
by G. Feichtinger in 1858 ; ,1. F. Persoz imiployed a soln. of zim; oxide in zin 
chloride as a solvent for silk, cotton, but other vegetable fibres arc not attacked 
The zinc oxychlorides are also used in making ])aint. 

F. Canzoneri, A. de Schulten, etc., have reportc'd a number of cadmioil 
oxychlorides with (MO : CdCl2 : H2(), as 2 : 1 ; 0 ; 1:1:1; and 1:1:7 

E. Riron, and G. Carrara noted the formation of cadmium oxychlorides during tin 
i'lectrolysis of soln. of cadmium chloride. F. Canzoneri made cadmium dioxy 
dichloride, 2CdO.CdCl2, by melting cadmium oxide; and chloride, or by heatin) 
cadmium itself with an excess of the chloride. The grey powder is insoluble ii 
water, but is slowly decomposed by that licpiid into cadmium oxide and chloride 
A. de Schulten made cadmium oxydichloride, CdO.CdCl2.H2O, or Cd(OH)Cl, br 
heating h)r 1 to 2 days in a sealed tul^, a mixture of a soln. of cadmium chloride witl 
calcium carbonate at 200" ; E. Tassilly, and J. Habermann, by a<lding dil. aq 
ammonia to a well-stirrt'd soln. of cadmium chloride. The hexagonal prisms have a sp 
gr. 4‘56 at 15" ; at 280", they lose only one-tenth per cent, of water, the rest Lsgivei 
off at a nM heat. The heat of formation given by E. Tassilly is Cd(^l2ftq.-f CdO-f H2( 
--2Cd(0H)Cl^.-f i0 2 Cals. A. Maiihe made a heptahydratc, (M(Jl2.(3d0.7H20, bj 
adding cadmium oxide to an excess of a soln. of the chloride ; and E. Tassilly, « 
hemihydrate, CdCl2.CdO.JH8O, by the action of cadmium oxide on ammoniun 
chloride. 

Several ammonium zinc oxychlorides have been reported with ZnO : ZnCl2 
NH4CI as 1:2:4; 1:3:5; 1 : 2 : 8 ; and 1:3:10. G. Andr4 obtainec 
f ^mmnnimn zinc oxyoctoohlo^e, 4NH4C1.2ZnC32-ZnG, from the mother liquoi 
remaining after the separation of zinc oxychloride from a hot soln. of zim 
oxide, zinc chloride, and ammonium chloride ; the next crop of crystals fumisheci 
^mmnninm zinC oxyhenachloride, 5NH4Cl.3ZnCI2.ZnO. Both products an 
decomposed by water. He also n^ported ammonium zinc ozyhezadocachloride 
i0NH4CI.3ZnCl2.ZnO, an<l ammonium zinc oiydodecachloride, 8NILC1.2ZnCl2ZnO 
with heats of formation respectively of 3*71 and 3*24 Cals. The individuality oi 
those comjmunds has not been definitely established. 
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W. Bkinuim (wkl that liiK* chloride is soluble in mrtMyl aJcohd, and 0. Carrara 
and L. d’A^ostini, and W. Hainpe said the same about cadmium chloride. aiul» 
added W. Hampe, the soln. is a good electrical ct>nductor. C. A. L. de Bmyn 
says that at 15’5®, 100 grms. of methyl alwhol dissolve 1*71 grms. of cadmimu 
chloride. Zinc and cadmium chlorides are soluble in Hhyl alcohol. C. A, L. de 
Bruyn said that KX) grms. of ethyl alcohol at 15 5" diss4>lvc 1 52 grnvs. of cadmium 
chloride ; and H. Jahn tliat unit volume of an alcoholic soln. at 20" contains 
0‘03129.grm. of CdCl 2 , and the sp. gr. is U'831(iH. T. (Iraham found the wdn. is 
foniuKl with great facility, and when filtered has a light amlsTVoIour ; it may 
be cone, to a very great extent without injury, and Wcomes so viscid when cold 
that it may bo inverted without Howing jM‘r(C}»tibly.‘’ He found that this soln. 
deposits small crystals of tino alooholCHdlloiidat Znt'Iu (yi^OH. Some heat is 
develojKKl during the soln. of rinc chlonde m alcohol ; S. U. PicIoTing found 
9 767 C'als. jht mol of sine chloride. A. Hlumcke mcasurt‘d the sp. and mol, ht. 
of the alcoholic soln. of zinc chloride ; W. Hittorf, (i. Vicentini, and V ('attaiuH) 
measur'd the electrical comluctivity of soln. of zim* chloride m ethyl ale<ihol ; 
(i, Cofletti of cadmium chloride in methyl alcohol ; and W. Hittorf, the tniiinport 
nuinlH‘rH t»f the ions of zinc chloride in ethyl alcohol. K. Himbiwli ami O. WcIht 
found the miditiou of levulow* lowert‘d the conductivity of alcoholic soln. of ra^lmitim 
chloride. H. C. Jones, and A. W. Smith estimated a fi f) per cent, ionization in a 
y’-^A’-soIu. of ziiK' chluridc, S. Arrhenius measim'd the d»‘gr<‘e of ionization in 
methyl, ethyl, and isoprojiyi alcohol soln. of eadiiiiuiu chloride, as well as in ether 
and at'ctone. In the partition of cadmium chloride lM*tw»*en amyl alcohol and 
wat4‘r, W. Herz and M l>*wy found the salt is probably polyiiuTiml in the amyl 
alcohol. H. Jahn found the sp. electromagnetic rotation of th«‘ plane of ]K)larization 
of an alcoholic soln. of sp. gr. ()'8.‘J1()8 (20") to be liHTiU. Jf, Jones and 
A. Campetti found the alcoholic soln. of zinc or ra<lmium chloride to lx* (*lertro' 
positive towards the aip soln ; and L. Kahlenlx’rg gave the e.m.f. of the two 
combinations Zn : Zn(’l 2 m alcohol, and in wat<*r. each against a normal (‘leetrode, as 
0 910 and 01!»5 volt respectively. According to L. Ix^vi-Bianchini, methyl alcohol 
decomposes eminiium chloriile at the critical temji. of the soln. 

W. llam {)0 says that anhydrous zinc ehlorkle is vdable in anhydrous rther and cadmium 
chloride insoluble. It L(*spieau nuxaMured the low<'ring of the f.p. of ethereal soln. of rino 
chloride. W. Honipo found that cone. soln. conduct ehM'tneily, depositing zinc on tha 
cathode; dil. soln, do not conduct so well. W. Kidmann, and W. H, Knig and 
K. i\ .McKlroy, found zinc chlorido to l>e readily soluble in <tccione, and cadmium cldurido is 
slightly soluble. H. K. l*attcn found zine to lx? de|K>sited from acetono soln. of zinc chloride 
by a curnmt of 2 volts. A. Xaumann, and M. Miiller have studied the chetmical n^ietiims 
of zinc chloride in acetone soln. — hy<lrogen sulphide gives a white furbiility which clears 
with the further passage of the gas ; silver nit rate gives a white precipitate of silver chloride ; 
{Kitassium thiocyanate gives a white pnwipitate of potassium chlonde ; and the filtered 
soln. doj^Kwits pnsmatio crystals of ZnCl,.2KCl ; with aimnonium thiocyanate, a precipitate of 
ammonium chloride is fonned. According to A. Naumann, zinc and cadmium chloridrw are 
soluble m ethyl orHatc : and. according to M. (jornlx'rg, the soln. of zinc chloride? ilissol ves zinc 
N, Costoro found zinc and ca<1mium chlorides to be soluble in ureJhanr, and ho fh'lennined 
the mol. wt. of the dissolved salts from the lowering of the f.p. A. Wenier says zinc chloride 
is soluble in tnethyl nulphidf, : A. Naumann, in mrthyUU and benxonilnle, and, according to 
A. Werner, in other arotnalir. nitrilem. A, Werner foimd zinc chloniie to be soluble iti 
pyridtM ; K. Rockmann and W. Gabel, in quinoline ; L. Kahlenberg measure4i the electro* 
motive force of soln. of zinc chlorido in quinoline, pyridine, and in aniline. Acooniing to 
A. T. Lincoln, zinc chloride is readdy tolublo and a good conductor in /ur/urol, tneMyl- 
propylkdone^ acetophenone, elt^l nwnochloroacHate, ethyl aceioaeetale, ethyl oxalate, pyridiM, 
and quinoline ; the conductivity is feeble in ethyl eyamoaceUUe, ethyl benzoate, and amfd 
nifrifs ; there is no conductivity in benzyl alcohol, and piperidine ; and the salt is insolubla 
in ealicylaldehyde, ethyl nitrate, and nUrobmime. A. T. Lincoln, also, says that cadmium 
chloride is insoluble or very sparingly soluble in alcohol, furfurol, acetophenone, ethyl 
monochloro-acetate, ethyl cyanacetato, ethyl oxalate, ethyl iiitraU?, amyl nitrite, o^nitro* 
toluene, pyridine, piperidine, and quinoline. O, P. Baxter and M. A. Hines say oa<lmium 
chloride is insoluble in Uduene. J. W. Klever says that zinc chloride is soluble in glycerol, 
and C. Caitaneo measured the conductivity of the soln. Z. Klemcnsiewicz says zinc chloride 
is insoluble in antimony tricMoride, 
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According to H. Sthulze,*® zinc chloride is readily converted to zinc oxide when 
it i» heat<?d in oxygen* or better with potasaiuni chlorat<^ P. »Srhutzenberger found 
that when heab*d to dull rcdneaB in a stream of hydrogen, a white deposit of zinc 
chloride is formed. This is not prevented by first passing the gas through glass wool, 
and he eon.niders that a volatile zinc hydrochloride, ZnllCl, is formed, W. I). Ban- 
croft and II, B. VV eiser found that the va])ours of zinc and cadmium chlorides 
are readily reduced when fed into the buiisfm flame, and bright mirrors of the metal 
are deposited on a cold porcelain tulw; held in the flame. The metal is liable to burn 
again to the oxide. Zinc < hloride gives a blue to bluLsh-green flame, and cad- 
mium, a yellow flajue; both colours are eharacteri.stic of the resjiective metals 
burning in oxygen. 

A. ifelfenstein found that molten zinc chloride dissolves metallic zinc .‘JO grins, 
of lUMitral zin<! chloride, free from water and hyilrogen chloride, diHSf)lved at 700°, 
O'OiOfi grin, of zinc more than at ; and K, L. Datta and 11. S<‘n ])repared what 
they regarded as zincosic chloridd, Zn.,(l 5 , i.c. ZnCl.2Zn(’lo, liy saturating fused zinc 
chloridi' with zinc. The bluish-whiO* product is rapidly hydrolyzed by waU'r. 
Zinc mlx'hUmdc has not beiui ])repared. R. L. Datta anil H. Sen’s jiroduct is 
probably a solii. of ziru- in zinc chloride. According to II. N. .Morse and 11. (/'. Jones, 
when pure anhydrous cadmium chloride is heated in vacuo or in an atm of nitrogen ; 
the reii liipiid on cooling freezes to a light gri'v mass, and when heated again melts 
to a garnet-red liijuid, which decomjioses to cadmium chloride and the metal. The 
product is a ])owerful reducing agent, it reduces nitric acid to nitrogen oxides, and 
with dil. acids develops hydrogen. It has, therefore, bi'eri suggested that the product 
contains cudmium subchlnride, (Vl 4 (jl 7 , or, as II. N. Morse and H. Jones suggest, a 
soln. of cadnwm chloride in cadmic chloride : but there is a greater probabilitv that 
the jiroduct is a soln. of cadmium in cadmium i hloride. According to 11. Brand- 
horst, soln. of zitlC ozido iii molbui zinc chloride are good (‘onductors of 
electricity. 

A. Ijcvallois found lead sulphide dissolves in molten zinc chloride. On account 
of its great allinity for water, anhydrous zinc chloride is used as a reagent in organic 
chemistry. Thus, it carbonizes wood, dehydrates alcohols — e.y. it forms amyleno 
with amyl alcohol and it saponifies fats. It forms conijiounds with etliylenic 
hydrocarlions. organic bases, etc. When zinc chloride soln. w'ere heated for lO hrs. 
in a bomb at 212", II, W Fischer 20 found a white amori)hous colloid is precipitated. 
The action of aqua ammonia and hydrogen sulphide on soln of zinc chloride resembles 
the action on soln. of zinc sulphab' (</.c.). According Bi Ic Hdpfner, soln. of zinc 
chloride dissolve zino SUlphitO* and this the more, the greater the cone. ; lead 
sulphite is not dissolved. (< .1 J. F»)X measured the solubility of sulphur diozide 
in aq. soln. of cadmium chloride. M. (\ Sehuvtcn found that bromino and iodino 
displace chlorine from aq. soln. of zinc chloride on the water-bath. With sodium 
molybdatodiperiodate, r)Na.,0.12Mo0., LO^,, (’. W. Blomstrand obtained a yellow 
precipitate. A. (Irlttner says the soln. of zinc chloride attacks iron this is no doubt 
determined by hydrolysis. ('. F. Cros.s and E. J. Bevan. and E. Bronnert investi- 
gated the solvent action of zinc chloride soln. on C6llul0S6 ; and A. Lcclerc, on 
starch. J. II. lA)ng and II. Lev investigated the effect of zinc and cadmium ehlorido 
solutions on the inversion of sugar. G. Gore found ItH) grins, of dry silica dust 
raiseil the tenqi. of fiO c.c. of a 10 per cent. soln. of zinc chloride O ^O"^. J. Wagner 
has studied the iidluence of cadmium <*hloride and of ferrous salts on the reaction 
between hydrochloric acid and potassium nermanganate, and J. Brown showed 
that in this reaction, oxygen is evolved when eadmium chloride is present ; if 
absent, ehlorine is evolved. A. A. Noyes found a *iY-8oln. of eadiiiium eliloride 
dissolved as mueh lead chloride as a -j^AT-soln. of magnesium, manganese, ealeium, 
or zinc chloride. 

According to U. Engel, when a curnmt of dry hydrogen chloride at ordinary' 
temp, is passed through a soln. of zinc chloride, and pieces of metallic zinc are 
frequently added, as the sp. gr, approaches 2‘0 (25°), crystals I^egin to ap()ear 
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about gaa tube. The soln. is then filt<*red, ewied to oud evanorsteii over 

M torus pentoxide. Hhoinlwhedral crystals of lino hydrochloike, 

an* formed ; aud if the motlier liquid In* trt*ated with hydrogen eliloride, 
crystals of ZiiCl;..llU.2HsO are formed J. M. Thchelxol! has studied the pro- 
gressive deeonqK»ition of thest* two com|H)uml« with waU*r. A. Werner rt'ganls 
the one as IfiZnC'la) ‘JlLO, and the other as H(Zii^l’l5).2H/). M. Bertlu'lot pre- 
pared what he regarded us crystals tif Ctdmium dihjdrochlofide, rdCb.^Un.TlI^O, 
by leading a turnout of hydrogen chloride into a cold sat. hydrochl(»ri(* m'ld soln. 
of cadmium chloride ; and he gave the heat id formation : CVK'U f21H'l 1 TH^O 
- 40‘2 f’als. E. ('ornec and G, Urhain's study of the f.p. curves of soln. of cadmium 
chloride in hydro< hlori(“ acid indicates the formation of ( ’dt'lo.HC’l.wHjO, J. Wagner 
has studied the viscosity, the lowering of the f.p , and the electrical propiTties of 
soln. of ciwlniium chloride in hydrochloric acid. 

According to G. Gore,^^ and E. (\ Frunklin and (! A. Kraus, zinc and cadmium 
clilurides an* insoluble in liquid ammonia. Zinc chloride forms a number of animiMo> 
compounds wh<*n it is e,\ posed under various londitions to the action of ammonia, 
as was obsi’rved bv I*. Grouvelle in 1821 There is some uncertainty as to the 
chemical individuality of some of the alleged zinc ammino-conipounds. F lhamis'rt 
juissed ammonia gas ov«‘r aiih\drous zinc chloride, and he found that there was a 
copious de\elopmcnt of heat, and the .solid increaM'd about 2tt times in vol. The 

product IS zinc hexammino-chloride, ZnGL.bNlla, and F. Isamls-rt found the 
dissociation pre.ss. ro8<‘ steadily from 82 to 1722 mm. as the ti*mp. rose from lO -l to 
78 ,j . H, KurilofT, and I. Hoiizat, and F. Ephraim, also measured the dissociation 
press, of this compound. F. Ephraim gave 57 5 ' for the tcniji. of deconijiosition. 
(.'. Antoine rcjircsmited the vaji. press., /> mm., at d , liy logp MM'ir)(2’l.'l!U I()(K)/^), 

where t tl-f nil. F. IsamIsTt obtained cvidmice of the e.xisti'ncc of di- and tetra 
aiiimino-chloriiles as well as of the he.xaininino-salt J. F. Persoz believed that a 
mol of aminoiiia is ab.sorbed. and H. J. Kain* jircparcd what he regarded as Zino 
mo n a mmin o-chloride, Znt'L NH;,, by melting either the di* or b'tra-animmo-com- 
pounds. On loolmg. an amber-yellow gummy mass is obUiined, which is very 
slightl\ ( r\stallize(i Afcordmg to Jl. Kuriloll, tin* di.ssoeiatiori press, at 21(»‘ is 
<> 7 mm J{. J, Kane found that the jirudlict can be distilled undeeoiiiposed at a red 
heat, and witli wab r, it forms hydrated zinc tetrammino-chloride, and zme oxy 
chloride K. J. Kane, and J, (J. G. de Marignac made tin* last-named compound in 
talc-likc crystals hy cooling tin* soln. obtained by passing ammonia into a hot cone, 
soln. of zinc chloride until the j»recipitatc lirst formed has redissolved ; and 
F. Ephraim sa\s the win. must Is* sat. with ammonia gas anil cooh'd in an atm. of 
ttinmoma. A, A. Hlanchard obtained crystals of tin* same salt from ainmoniacal 
soln. of zinc chloride. The compound is deconi]K)H(*d hy water. P. J^ Deherain 
says the compound has no l oinbined water. F. Ephraim gave b2‘' for tin* t4'mp. of 
decomposition. According to H. KurilofI, the dishociation tension at 78' is 402 2 mm. 
and F, Isanibcrt measured tin* ammonia press, from dP" to 112'5 , and found it rose 
sb-adiiy from .57 mm, to 17.j(J mm. SUnc diammino-chloride, ZnC'lj>,2NH;,, was ob- 
tained by R. J. Kane, and by J, C. G. de Marignac hy evaporating the mother liijuor 
remaining after they had prepared the ti’trammino-salt ; H. Kane also made it by 
heating the tetrammino-salt to Hil"' ; If. KitthuiiHcn, by di.ssolving zinc in a soln. of 
ammonium chloride aided hy cupric chloride, clipper, or silver ; G. Andre, and 
H. Thoms prepared this salt hy dissolving freshly prin ipit^ited zinc oxide in a boiling 
^In. of ammonium chloride ; and on evaporation crystals of Znf'lg-^^^ ^^a 
/nCl2.2NH3.pi20 were obtained ; if ammonia Im* led into a hot cone. soln. of 
zinc chloride until the precipitate first formed re-dissolves, G, Andre obtained from 
the cooling soln. ZnCl2.2NH3.IH2O. R. J. Kane assigned to the crystals half a mol 
of water, ZnCl2.2NH3.iH2O. B. Kuriloff gives 4.T0 mm. for the dissociation jiress. 
at 216'’, and F. Isambert found a rapid rise from 96 mm. at 222'' to lti21 mm, at 297“. 

F. Ephraim said that the temp, of decompoitition is not below 2(iC“. According t<j 
F. M. Jager, the crystals are rhombic bipyrsmids with axial ratios a:b:o 
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■^‘9161 : 1 : 0‘9508. When heated it forms the monammino-sslt. It is decom- 
posed by water, forming an oxychloride. It can be recrystallizcd from its soln. in 
one of ammonium chloride. E. Priwoznik found crystals of this salt were-formed 
in Lcclanch^’s cell ; 2 NH 4 CI -f 2 Mn 02 + Zn = ZnCl 2 . 2 NH 3 -f Mn 2 Q 3 -j- Hj.0, but 
Q, E. Davis says the crystals have the composition Zn(OH) 2 .NH 4 Ci. J. L. Davies 
made hydrated zinc pentemmino-chloride, ZnCl 2 . 5 NHs.H 2 O, by dissolving zinc 
chloride gradually in a cold cone. soln. of ammonia, and then passing in ammonia 
gas. When a largo precipitate has formed it is allowed to dissolve by warming 
the soln. On re-cooling, octahedral crystals are obtained which decompose and 
deliquesce in air. They are soluble in wat<*r. G. Andr 6 gives the heat of formation 
(water solid) as 73 24 Cals. 

Cadmium chloride also fornw a aeries of ammino-compounds. According to 
H. Croft, if the anhydrous salt be exposed to ammonia gas, there is a rapid ab 8 ori)tion 
of gas and swelling accompanied by the development of heat. The product is 
cad m in m hexammino-chloride, CdCL.GHNs. W. R. Lang and A. Kigaut recom- 
mended the following procedure : 

Th«iO to four grams of cadmium chloride, rendered anhydrous by heating almost to the 
point of fusion, were placed in a tulM' with the neck drawn out, to allow of its being afterwords 
scaled at the blowpit) 0 , and the whole umnersed in nolid carbonic anhydride. Dry gaseous 
ammonia was pasml slowly into the tube, when the ehloriile increased in bulk largely, and, 
in about 2 hrs., a layer of litjuid aitunonia hml fonned on the surface of the solid com{)ound ; 
the tube was sealed and left for 20 hrs. ft was found preferable to use the salt in small 
lumps, as, when in powder, the liquid faile<l to penetrate through the mass, even on standing 
for a month. The tube was then coolotl to --70“ and opened, tlu' tt»mp. cautiously raised 
to — 30" by moons of methylio chloride, and the liquid ammonia ex|>eIltKl. 

E. Schuler obtained the same compound by passing hydrogen chloride through 
a cold soln. of cadmium chloride sat. with ammonia. This compound is a crystalline 
powder, but slightly soluble in cold wati'r ; it loses ammonia on ex|) 08 ure to air. 
and when the smell of ammonia has disappeared, the n'sidue is tlu* diammino- 
compoutid CdCl 2 . 2 NH 3 . The hexammino-salt melts wlu'n h<‘at(*d and loses all its 
ammonia. According to W. It. Lang and A. ftigaut, the di.ssociation press, rises from 
46 mm. at 0"^ to 931 mm. at 69'^ ; 15. Kuriluff makes the diasociation pr(‘s.s., 331 
mm. at 20": and W. Biltz makes the dksociation temp, at one atm. jircss., 306", 
and the heat of dissociation (MCl2.6NH3r=^CdC’l2.4Nlf3-|-2NH3, 10 (19 Cals. G. Andre 
prepared what ho regarded as cadmium petUammino-chloridCy (kK.’l.^ TiNlls, in small 
transparent crystals by passing a current of gaseous ammonia into a soln. of 
cadmium chloride in 20 per cent, aqua ammonia kept cold at 0". If the crystals 
are dried by press, between filU»r paper they liecome opacjuc and low* ammonia. 
W. R. Lang and A. Kigaut show that G. Andre’s crystals are not CdCl2.5NH3. but 
rather CdCi 2 . 6 NH 3 . G. Andr 6 found that if the hexammino-salt be warmed it 

5 asses into cadmium tetrammino-chloride, CdCl 2 . 4 NH 3 . B. Kurilotl found its 
issociation press, at 78" to be 1(X)2 mm., and at 20", KXi'f) mm. W. Biltz says 
that 34‘6" is the dissociation U*mp. for one atm. prt'ss. and the heat of dissociation 
CdCl 2 . 4 NHg~ (MCl 2 . 2 NIl 3 -f- 2 NH 3 is 1224 Cals. G. Andr 6 assumes the salt is 
CdCl 2 . 4 NH 3 .JH 2 O, and he believes that by warming the hexa- or tetrammino- 
compound, cadtnium iriammino-ciiloridc, .CdCl 2 . 3 NH 3 .JH 2 O, is formed ; but the 
evidence is unsatisfactor)', for the dccomuosition of the tetra- or hexa-amniino- 
chlorides gives oadminm diammino-cfalonde, (MCI 2 . 2 NU 3 . H. Croft made this 
compound by dissolving cadmium chloride in a warm soln. of ammonia, and cooling ; 
the white crystalline powder contained with some cadmium hydroxide, and he 
therefore preferred to prepare the salt by the sjwntaneous evajioration of a clear 
soln. of cadmium chloride in an excess of ammonia. G. Andr 6 made it by jicuring a 
sat. soln. of cadmium chloride in cooled ammonia, and evaporating off the ammonia 
by warming. W. Kwasnik made the same salt by passing ammonia into a cone. 
alcohoUo soln. of cadmium chloride. K. Tassilly obtained this compound from the 
mother liquid remaining when a soln. of cadmium chloride is partially precipitated 



ZINC AND CADMIUM 


851 


^ ammonia, but H. Crioasmann showed that this gives an impuro pro<iuct, 
W. R, Lang and A. Rigaut nuule it by moistening hydrat4H] eadmiuui chloride with 
a 2U per cent. soln. of ammonia and di)'ing the mass oVer lime. The white crystalline 
powtIeV has no smell. W. R. Lang and A. Rigaut said that this ctmuK>uud w stable 
at ; begins to de<.'ompose at about 210“, and the deeom|M>sitH)n is not complete 
at 360*^. the mass melts at 400^. E. Tassilly gave the heatof formation CdClj-f 2N1I5 
“t'd('L.2NH3 ** 37'24 Cals. W. Bilts gave the heat of dissociation CtlClg.2NHj 
—CdC\. NHs-fNHj-flH’bl Cals. B. KurilolT said that the dissociation pr<*8s. at 
210" w 361 1 mm., and W. BUti that the dissociation temp, for one atm. is 
W. Kwasnik obtained cadmium monoammino-ohlorida, CdCl^.NRa, kv the distilla- 
tion of the diamniino-salt. B. Kuriloff gave the disstniation press, at 216'^ as 
4 53 nim. and W. BilU the dissociation U‘mp, at one atm. pn*ss. as 6U“, and the heat 
of dissociation, 22 88 Cals. 

T. Curtius and F. Schrader produced lino hjdraiine-Chloride, Zn(’lj,.2NaH4. 
by adding hydrarine to rinc chloride in an ammoniat'al soln. H. Kraniu*n and 

O. von Mayer studied the product in some detail. flaHmlnm hydraiine<hloridO» 
CdCL'iNJf^, was also pn‘par<‘d, as well as the hvdroeliloridcs, ZnCl^.'ifNJi^.HCl), 
/n(.lij.N.^H4 H(. 1, and CdCljj.Njl^ HCl. L. CYismer, and (J. AntonolT }in‘}»an'd lino 
li]rdioi7lamino-<dilorid6, ZnCl2.2NH20H, and also naiiminm hydrozyUuuine* 
chloride, ('dCL.2NH20H, a compound studied by H. Goldmlimidt and K. L. 
Syngros. K. K. Weinland and F. Schlegelmilch made lino iodo-chloride, 
Zn('1..2ICl3.8H20. 

S. Griinauer made a rough determination of the m.p. of nine mixtures of xinc 
and ammonium ( hlonde, and found a V‘«ha|M*d eurve with a euteetie at 175“ for a 
mixture of e(|ui-molar parts of tlie two salts and for a inixtun* of ZnCl2-f3Nll4Cl, the 
fusion temp. 335 ', and for llZnCl2'f NH4CI, 290“. There is no hint of the formation 
of any comjHmud at these tmnp.- but as already staWd the experiments were not 
satisfai'tonly searching. The salt ZnCl2.Nn4(.’l is obtained by the fractional crystal- 
lizalion of a soln. of eq. parts of zirie 
and ammonium chlorides ; the first 
crop of cry stals is ZnCl2.3NIl4(>i, and 
later. Z11CI2 NH4CI. K. Hachineist^'r 
studu'd the f.p., m.j) , and b.p. curves 
of binary mixtures of ammonium and 
zinc chlorides, and obtained ammo- 
nium mcpentachloride, NH4Zn2Cl6, 
or 2Z11CI2.NI 14(1. This makes four 
fairly well-defined ammonium zine 
chlorides, 2 : 1, 1 ; 2, 1:3, and I : 4. 

K. Haehmeister’s equilibrium diagram 
is shown in Fig. 31. When; A n‘pre- 
sents the n'gion where molten zinc 
chloride and the va[>our of ammo- 
nium chloride are in equilibrium ; 

R, the homogeneous liquid phase; 

C, crystallized xinc chloride and 
liquid ; Dy crystalline double salt and 
liquid ; E, crystalline double salt and liquid ; F, crystalline ammonium chloride 
and melt ; (/, eutectic mixture of zinc chloride and double salt ; and II, eut<‘ctic 
mixture of ammonium chloride and double salt. The regions of exist«‘nee of the 
three double salts ZnCL : NH4CI, 1 : 2, 1 : 3, and I ; 4, arc represented at’cordingly. 

P. P, Deb^rain said : 

When an ammoniacal soln. of xinc chloride, 2ZnCl,NH,, is treated with hydrogen 
chloride, it deposits fine crystals of a chJoro-sali witli the fonnuJa 2 Za('I.KH 4 Cl, some- 
times in hexagonal spangles and sometimes in needle-h’ke crystals terminaiod by 
pomta. 



MoUr%NH^Cl 


Fig. 81. — Equilibrium Diagram of JUixturew 
of Zino and Ammonium Chlondes. 
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The formulw by P. P. Deiierain are in the old notation and correspond resp^c 
tively with ZtiCl^. NH3 and ZnCl2.NH4C'i in the notation of the present day. R. J. Kane 
stAUfd that on dimjlving zinc mono- and tetra-ammino-chlorides in hydrochloric 
acid, the corrfjspondinfi double salts are formed, but D. Base has shown the former 
ffives rise to ZnCh^JNH^Cl, and the latkr to ZnCl2.3NH4Cl ; nor could D. Base 
obtain different results from J. C. G. de Mari^mac, only ZUCI2.2NH4CI and 
Zn(%. 3 NH^Cl could be obtained by mixing soln, of all proportions of the component 
salts ■ zinc and armnonium chlorides. 0 . Hautz reported the formation of the salt 
ZnCl2.NII^(Jl.2}ljO from a mixed soln. of one part of ammonium chloride and two of 
zinc chloride, but this has not been confirmed by laU^r work. J. I. Pierre prepared 
ZnCLj.liNff^Cl by the evaporation of a mixture of equi-molar proportions of the 
component salts. J. I. Pierre s work has Ijcen confirmed by C. F. liammelsberg. The 
crystals separaU; in thin plates which, according to J. (I G. de Marignac, belong to the 
rhombic sywt^un and have axial ratios a : b : c~()' 72 ‘Jl :l :()'b6i)6. The sp. gr. is 
I Hflb according to H. Schiff; 1 ‘ 71 - 1‘77 (JO'"), according to C. H. I). Bodeker; and 
1 * 77 , according to R. Romanis. R. Schindler obtained clear rectangular prisms of 
/n('l2.2Nll4( ’l,JL(), by evaporating a soln. of one i)art of zinc oxide in cone, hydro- 
chloric acid mixed with one part of ammonium chloride, and, from time to time, 
replacing the acid which had evaporated. 0 . Hautz madi! the same salt in large 
plates by mixing two eq. of hydrochloric acid with one of zinc carbonate, then 
adding another eq. of the acid, and saturating the soln. with ammonia. According 
to 0 . Hautz and (1. Bassayre one j)art of salt dissolve.s in one-half or two-third.s its 
weight of cold water with the absoiqition of heat, and in 0 28 part of boiling water. 

L. J. Thenard also made the salt by dissolving zim* hydroxide in a soln. of ammonium 
chloride. 

J. 0. 0. de Marignac prepared the salt Zn(’L..*JNH4(’l by evaporating a soln. of 
about two mols of ammonium chloride with one of zm<* chlorid(‘. The first crop of 
crystals is ammonium zinc pentachloride, «»r ammomum jH'niachhruzincaic, 
ZnCla-dNU^td, and the later crop, ammonium zinc tetrachloride, or amimmum 
idrachhnoziiiCiUe, ZnCl2.2NH4(’l. P. A. Meerburg showi'd that with a soln. of this 
composition the product must always Is* a mixture of these two salts. The rhombic 
crystals have axial ratios a : b : c - 0-7822 ; 1 : 0-tlttlo. M. Berthelot and ( 1 . Andre 
claim to have made crystals of ZnCL.3NI!4('l H^O. According to R. i\am‘ and 
P. P. Deherain, a soln. of zinc tetrammino-chloride, ZntJL.INIb,, m hydrochloric 
acid gives needle-like crystals of ZnClo.lNHdT but, as mdicat<'d abov(>, J). Base 
showed that the product is really Zn(^2-3NH4(’I. M. iierthelot and G. Andre also 
claim to have made ZnCl2.GNH4(T§H20, but without describing the inetlual of 
preparation. Of the eight ammonium zinc chlorides which have been reported, 

P. A. Meerburg found only two -ZnCL 2NH4('l and ZUCI2.3NH4OI- -were cajjable of 
existmici' in aq. soln. between 0'^ and ,‘JO'^, when he applied th(* pha.se rule ; he con- 
cluded in opposition to 0 . Andre, and, as already a.ssumed by J. 0. 0 . de Marignac, 
that if liyilrated salts are capable t)f exi.st<‘nce, it must be at low temp., not at 
ordinary temp. While an application of the phase rule has revealed the existence 
of many unsuspecG'd compounds, the.se n'sults emphasize how at the .same time, 
the pha.s(* rule promises to eluninate from chemistry many “ com])ounds " which 
are not really such. 

Tho compositiunM of .st»In. in e<{uiUbriutn with hoIhI phoaos are indieatt'd in Fig. 32 for 
systems at 0 , 20", and 30'’. The curves AB, B( \ ('!>, and l)K give tho eoinposition of Boln. 
in wimlibrium rt'sjHHUively with NHjp, Zna,,3NH«('l, Zn('l,.2NH4t’l, and anhydrous 
ZnC'l, Tho point ^4 n'|>rew.*nta tlio solubility of anununiuin chloride, E that of anhydrous 
tine chloride in water (30 ) ; at B, there are tho two solid phases XHjt’l and ZnCI, SNH^CI ; 
at C. the two solid phase's ZnCl,.3NH,Cl and ZliCl,.2NH*ri ; and at />, tho two solid phases 
ZiiCl, and Znt’l,,2NH4Cl. 'Hie isotherm .4 fit A* separates the triangle into two parts — 
WABl'DE gives the eompositiou of unsat. soln. ; ABCDEXY, the composition of soln. 
which split into one or two solid phases. All points in the sectors A BY, BCE, CDM, and 
DEZ separate into a soln. wdiose composition is reprtvsented by a point respectively on the 
curves AB, BC, CD, and DE, and a solid phase NH*C I, ZnCl„ SNH^Cl, ZnCl,.2NH4C1, and 
ZuCl,. Points in tho triangles BYN, CMN, DMZ represent the composition of soln. which 
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Fkj. 32. — KquiJjbrnnii l’urvt*K of Solu- 
tions Zii(. I, Nlljt'l H,(). 


uito « ioln. n»prM»eut«d by tho potnU U, C, D nw{)eotiv«ly, and two aolid uIimkiil 
NH,CHZna^3NU,Ci ; ZnCJ.iXH.Cl+Zna. ^NH/’l ; and ZnCI.^-ZnCl.-SNU.d Tha 
pointa E for 20'' and 0^ are not givt'ii in the diagram. 

G, C. Wittatein,^^ and K. von Hauer found that cadniimn oxide, hydwxide, 
or carbonate diaaoived in a aoln. of amuiouium chloride witii the evoluUon of 
ammonia, and on evaporation, the soln. 
furiuslu*d crvBtaU with very variable pro- 
{Hirtion.s of ammonium and ca<lmium 
eliloridea. If the aulii. Iw boiled, K, von 
f taller found that crvtitala of ammoniom 
cadmiom heiachloride, tdCl^.lNH^t't, 

an* formed. According to 0. l/*hmann, 
a mixed soln. of cadmium and ammo- 
nium cliloridea gives a croj» of mixed crys- 
tals with a little cadmium chloride, after 
which, A .lohnsen found that crystals of 
CdClo lNll4l’l an* jiriHluccd, while soln 
rii her m l udmium chloride give cr\s 
tal.s «jf ( VK’I^ NH4CI. The I'ompuund 
Cdt’L 2NIf4(’l does not appear to exist. 

If Croft found that the spontaneous 
e\aj)oration of a mixed soln of e«pii- 
molar parts of c,idiiiium and ammonium ehlond<*s gives iiei'dle-likt* eryslals of 
ammonium cadmium trichloride, CdCL.N 114(1 or NH4(<lCl3. whu h, ummlmg 
to K. von Hauer, ean be dried over sulphuric acid. G P. Baxter and M. A. Hidch 
purilied the [iroiliK't by rerrystallizalion from wabT. H. Grossmann jircjiarcd tin* 
same salt from a soln. obtained by boiling cadmium hydroxide with ammonium 
chlornle, K. Kimbacli made it by shaking the salt (MCB 4Nll4(l with insuHicient 
water for loiiipleb* scdii at ordinary temp., the Inpud was tlnoi separat<'d from (lie 
mass of nee(lli‘-like ir)>tals which wt-rc drained on porous tiles, ami then dried at 
1(H) , K von ilaijer a^rtumed the crystals had IILO as wat^'r of crystallization, hut 
after he.iting to 120 a imiidxT of tunes, the <r\slals are anhydrous, K Himbach 
showe<l that the crystals belong to tin* rhombic system, and liave axial ratios 
u : h : c O ijOod ; i ; (C7‘.(l(2 K Kimbacli also represents the soliibdity In'twecn 2 '1'* 
and iOo by th«‘ expression *S 22 8H j()’21fH?, and be found no deeoijiposit.ion 
vutliin this range ot temp. At BC, 100 grins of water dissolve [lO Lhi grms. of salt ; 
at 112 , grins ; and at lorcU', 102 Tl uniis. Aecordmg to H. Croft, the 

needle-like crystals of CdCLMl4('l gradually pass into rhoinboh<‘dral prisms, and, 
ucconluig to k. von Hauer, the mother Inpior, after the separation of CiK'Ijj.N 114(2, 
furnishes rhombohedral crystals of CdCl.j INH4CI. Both stabonenta. says 
K. Uimbach. an* ujizurverldit'tu} ; hut H. L \V<*lls and P. T. Walden ohtained crystals 
such as K von Hauer descnls'd. The salt (M( 'l2-4NH4C|,or(NH4)4( 'dCl(j, was prepared 
hy K. Kimbacli by Iniiling a soln. of 17 H grms of l adinium chloride ;i(» K grnis, of 
ammonium chloride, and 10() grm.s, of wab*r, and adding a mixture of CdCl^-j 1NH4(1 
until the soln. issat, (.'ry'stals of (J(i(.’C.4NH4(.’lsepurab‘ on cooling to BP. G. Andre, 
E. Tassilly, and H (irossmann made the same, salt by the prolonged boding of 
cadmium oxide or hydroxide in a soln. of ammonium chloride. Acconling U) 
A. Schrauf, large rhomlxihedral (ditrigonal)(TyBt4ilHure formed with the axial ratios 
rt : c-~l : 1 j 7(}4, and a -V.P, and, according Uy A. Johnwm, isomorplious with the 
salt (JdCl2.4KCI ; and sp. gr, 2'01. A. Schrauf gives the indices of refrac tion as 
o) -=1*5208, €=1*5261 for the ff-line; to=I 60.'J8, c- 1'6()42 for the /^-line; w 1*6110, 
€=1*6114 for the j&’-linc ; and ai = l'6414, € -1*6418 for the //-line. The crystals 
are optically positive, and they conduet heat fairly well. K Kimba(;h giv(*s the 
transformation point: Cd(;i2.4NH4(2=OlGl2.NH4ri-f 5NH4CI at - 20". Very 
near the cryohydric temp, this salt can be crystallized unchanged from soln, of 
hydrochloric acid or lithium, calcium, or magnesium chloride. 
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K. Hacbmeister studied the f.p., m.p., and b.p. curves of binary mixtures of 
cadmium and ammonium chlorides, and he obtained crystals of ammoniam oadmiom 

jwntechloride, ^CdCJ^, N^CJ. This 
g j ^ I ^ j juafcpg three fairly well defined am- 

monium chlorides, 2:1, 1:1, and 1 ; 4. 
K, Hacbmeister ’s results are shown 
in Fig. 33, where A represents the 
region where liquid cadmium chloride 
is in equilibrium with vap. of ammo- 
nium chloride ; B, the homogeneous 
liquid phase ; C, equilibrium between 
crystals of cadmium chloride and 
liquid ; D, tujuilibrium between crys- 
talsof ammonium chloride and liquid ; 
E, eutectic mixture of cadmium and 
ammonium chlorides ; F, crystals of 
the double salt *1 : 2 and liquid ; 0, 
eut(‘ctic mixture of cadmium chloride 
/folar XNH^Cl double salt 1:2; II, crystals 

Fio. 33. -Equilibrium Diagram of Mixtures of the double salt 1 : 2 and liquid ; 

of Cadmium and Ammonium Chlorides. I, eutectic mixture of the double salts 

1 : 1 and 4:1; and K, eut<‘ctic mixture 
of the double salt 4 : I and ammonium chloride. 

A, Ib'nrath^B noted the very small riH4‘ in the b.p. of alcohol caused by the 
addition of zinc and btlnuni chlorides. F. Kjihraim obtained very hygroscopic prisms 
of lithium sine trichloride, LiCl ZnClj.dHjjO, or LiZn('l3..’lH20, by dissolving a mol 
of lithium carbonate in an aij. soln. of two inols of zinc chloride and adding hydro- 
chloric acid until all the lithium carbonat<< was dissolved. The litjuid when cone, 
by evaporation gave crystals of the salt in question. Evaporation of the mother 
liquid gave an oxychloride. F. Ephraim also obtained hygroscojiic iirisms of 
2LiCl.Zn(11jj.2HjjO from a soln. with the calculated amounts of the conqionents. A 
soln. with six mol.s of lithium <‘hloride to one of zinc chloride gave on evaporation 
crystals of lithium chloride and a syrupy liquid which did not crystallize at -12°, 
but, after standing in a desiccator for six months, gave crj'stals corresponding with 
dlaOlj.Znt’la.lOH^O. A. Chassevant prepared hygroscopic ne«‘dle-like crystals 
of lithium cadmium trichloride, Li('I.Cd('l 2 *i|HoO, or LiCdC'l 3 .‘i^H 20 , from a 
soln. containing CdCl^ : LiCl in the ]>roportiona 1 : 2. The crystals can be dehydrated 
at,120°, and they are soluble in alcohol. 

F, E[)hraim prepared sodium zinc tetrachloride, ZnCl 2 . 2 NaCl. 3 H 2 O, or 
Na2ZnCl4.3H20, by evaporating, on a wat<T-bath, a soln. of etjui-molar parts of the 
com])onent salta, or by evaporating over sulphuric acid 

^ ^ containing twice as much zinc chloride. The 

crysUls in the former case are acicular, and, in the latter 
^ case, small hexagonal prisms which lose all their water 

^ in va<*uo, or at l(K)'^. The crystals are decomposed on 

dilution with water; they are not very hygroscopic. 

Jones and N. Knight have measured the electrical 
j conductivity of aq. soln. 

— H. Brand studied the f.p. curve of binary mixtures 

V cadmium and sodium chlorides. Only a single com- 

cadmium tetrachloride, 

turns of Cadmium and 2NaCl,(MCl2, which brtmks up at 425° into sodium chlo- 

Bodium Chlorides. ride and liquid. Then* is a eutectic at 392° with 45 molar 
wr cent, of sodium chloride. H. Croft prepared small 
crystals of sodium cadmium tetrachloride, 2 NaCi.CdCl 2 . 3 H 2 O, which, accord- 
ing to K. von Hauer, are stable in air and lose about two-thirds of their water of 


CcfCi,^a 

Fio. S4. — Freezing-point 
Curve of llinary Mix- 
tures of Cadmium and 
Sodium Chlorides. 
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cryrtallitttion at lOO*. and thf remainder between 150'* and 100°. Act'ording to 
H. Croft, one pari of the salt dissolves in 1*4 parte of water at 16° ; and, according 
to K. Sudhaus, lOU mols of water at lO S" dissolve 3 ya luols of the double salt ; 4 
mob at 29*7° ; 4*73 mols at 40*1° ; and 5*18 mob at M 5°. The salt is also 
soluble in alcohol. According to A, S. Cushman, cadmimu sulphide is not pre- 
cinitated fronisoln. of the 
salt by hydit^en sul- 
phide ; F, Riidorff found 
that the crj'stab are de- 
comjKMfed by dialysis. 

K. Sudhaus investigated 
the equilibrium condi- 
tions for the ternary 
system, CdCl 2 ~NaCl 
- H^O, at 19 3^ 29 7", 

40*r, and 54'5°, Soln. 
in equilibrium with the 
three solid phases at tiie 
t<Muj>. indicated, are in- 
ilicat4*d on the portion of 
the triangular diagram, 

Fig. 35. E. Cornec and 

G. Urbain investigated 
the lowering of the f.p. 
of various aq. soln. of 
cadmium and alkali io- 
dides and obtained results 
in accord with the known ilouble salts, (JilClg.MCl, where M may b* NH*, K, 
Na, or H. 

J. I. Pierre, C. F. Uammelsberg, and F. Ephraim obtained potassiom sinc tetra* 
Chlond6t 2KC'l,/nCl.j, or K 2 ZnCl 4 , from a mixed soln. of the conqionent salts, and 
J. C, G. do Marignac obtained the same result, whichever component was in excess. 
A. Neumann modi* it by shaking an acetone H4)ln of zinc chloride witli potassium 
chloride, and evaporating off the solvent. H. SidiifT gives the sp. gr. 2 297 ; and 
the rhombic crystab, according to J. (J. G. de Marignac, have the axial ratios 
a:h : c=- 0*7177 .* 1 : 0*5836, and they isomorphous with the ammonium salt. 

H. Stcinmetz made observations on the habit of the crystab. J. I. Pierre says 
they dissolve in their own weight of cold waUT, and in all projiortions in boiling water. 
The crystab are veiy deliqmjscent, and melt at al>out 20i)°. H. Kopp gives the 
sp. ht. as 0*152. II. C. Jones and K. Ota have measured the electrical conductivity 
of aq. soln. of the salt ; C. *Sandoiuiini, the electrical conductivity and sp. gr. of fused 
mixtures of the two salts ; and H. C. Jones and N. Knight, the lowering of the f.p. ; 
and 8. Labendzinsky, and C. Immerwahr th«* jKjtential of the salt soln. against 
zinc and a normal calomel electrode. R. Schindler, and F. Ejiliraim also rei>orti‘d 
ZnCI 2 . 2 KCl.H 2 O, formed in small prwms by evajwrating a soln. of a mol of zinc 
chloride with five-sixths of a mol of ]K)tassium chloride ; the mother liquid, 
F, Ephraim adds, furnishes thick prisms of KCl,ZnCJ2.2H2^ b<*Ionging to the 
monoclinic system. 

H. Brand investigated the binary system, KCI CdCl 2 , and found two com- 
pounds, rhombic crystab of potassium cadmium trichloride, CdCl 2 .KCl, m.p. 431°, 
with a maximum on the f.p. cqpre, Fig. 36 ; and {Mjtassiurn cadmium hexai-hloridc, 
CdCl2.4KC), which breaks up at 460° into KCI and licjuid. The two cut<*ctics oa-ur 
at 382° and 34 molar per cent. KQ, and 390°, with 63 molar fsT cent. K(’i. H. Brand 
also studied the f.p. curves of ternary mixtures of cadmium, wKlium, and potassium 
chlorides. The compound CdCl 2 .KCl does not form solid soln. There are three 
ternary eutectics, 354°, 370°, and 373° ; and six surfaces of primary ciystallization. 
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The presence of cadmium chloride raim the temp, at which solid solo, of potassium 
and sodium chlorides break up into their components. 



CdClrHCl 


Fi«. 30. KnM'/inj;- point 
Curves of Hinary Mix 
tures of (>admiuiii anil 
PotaAsium ChloriiU'H 



Fkj. 37. Frc't*/,ing-point Curves of tho 
'r«*rnury System, CtlCl, KCl- Na(,’l. 


F. Bourioii and E. Kotiyer measured tlie h.p. of mixed soln. of eadmium and 
potassium chlorides. K. Sudhaus investigated the eqiiilihrium conditions of the 
t<*rnury system, (VK’l, KCl ll.d), at I!)-3, 4()i", and M o . JIis nwilts are 

summarized in the portion of the triangular diagram, Fig. 38, where .\H repn'sents 



the soln. inetjiiilihrium with the solid phase, HI), with CdClo BdlLO; 

J)H, with ('dt'L-lKt’l : and Et\ with KCl. 11. Lorenz and eo-workiTs measured 
the sp. gr. of fused mixtures of potassium and cadmium chlorides. K. von Hauer, 
and 11. Croft prepared long prismatic crystals of potassium cadmium trichloride, 
KCl.t’dClg.HoO or KCdCl3.Hj50, by tho sjmntaneous evajioration of soln. of the two 
salts in the right proportions. According to H. Traube, the crystals are monoclinic, 
and lose part of their wat<'r in dry air, or over sulphuric acid, and all is lost at 100° ; 
tho crystals nudt at a higher kunp. and lose chlorine. The salt is very readily 
soluble in water without decomposition, and it u^ay be recry stall ized from this 
solvent. E. Uimbach found lOO grins, of water at 15 0° dissolve 36‘2r) gmis. of 
the salt ; at GO'0°, (iS bo grins. ; and at lOo iC, 106 01 grins. K. Sudhaus found 
the solubility to be in mols of CdCl^j-KOl.H^O per 1(X) luols of water : 

16'9* 19-3* 297’ 401“ 4r5* r.4 .*>“ GO'S* 

CdCl,.KCI.H,0 . 2*63 2-66 3 21 3*72 3 87 433 479 
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E. Rinil)ach prej)*r(f*d en'Mtalii of the heiuihydnit**. ami n’prpaent-« tho soluhility 
S botwivu U)5' ami 2 6^ by iS~22'2l)-H)'2Wld ; and ho adda that tho inon*aac 
in 8olui)ility with t<*inp. ia gn‘aU*r than with the coui|»onent aaita alone. W. Kistia- 
kowaky, H. C. Jonea and K. Ota, and H. Jonea and X. Knijjht liave measnn'd tin* 
lowering of the f.p. ; and H. C. Jonea and K. Ota, and (’ F. Lindaay the ronduelivity 
of «oln. of thia salt. Aecording to K. von Hauer, the evajK>ratu)n of the mother 
liquid, remaining after the 8**})aration of the pn*eeding wilt, gives rhomlMihedral 
ervKtaU (if potissium cadmium hezachloride, 4K('l.('d('L Aci onling txi K. liiin> 
baeh, if the Ixuling mother liquid prvpan*d from grins, of eadmium ehloride, 
3l‘‘d grms. of jmtawuum ( hloride, and KK) grms of water, lx* sat. with a mixture of 
(.VlClj and KCl in the molar ratio 1 : i, and then (XMiled to 2t , erystals of jiotAssium 
emlmiuin he.xaehloricie. analogous with 4NlI|rl.('dt1o ar«‘ formed, belonging to the 
trigonal system, and having the a.vial ratio u:c l;t> ti(K)7 and a U)y ' 38'. 
Aceording to H. 0. F. Si h rode r. the sp gr. of the crystals is 2 ,'! ; they an* stable 
in air, and when heated, Is'liave like ('d(‘L Kt’l. K Sudhaus gave for the solubility 
of the salt, in mols of ( VK'U 4K(.'l per mols of water : 

U»3’ 23 6* 2\C7* 40 1* f»0 2* ^* 

C’<iCl,4K(1 . 4 1 05 45-35 49 05 57 55 08 SO 09 9l 

The deeoiiqiosition of the salt by wat4‘r is hindered by the presence of hydroi'iiloric 
acid : and the chlorides of lithium, calcium, etc. 'I'he aq. soln. is stable In'tween 
' 3 and 109 . With soln i ontainmg four litn’s per mol of i admium eldoride, and 
two litres per mol of potas.smm chloride at 17 . It Varet gives the heat of formation 
as (CdCl,^ } 2K('l) 20 cals , and ( 2 (<UT 2 l-2K<'l) 28 cals W. Kistiakowsky, and 

H (' Jones and X. Knight have measured the lowering of the f ]> ; II (’ Jones 
and K ()t^, and (' F. liindsay, the electrical eondintivity of soln of the sail ; and 
iS. Labendzinsky, and (’. Immerwahr, the electro al potential of the ^alt soln. against 
cadiiiiiim and a normal electrode. According to V. \on bang, there i.s a feeble 
jiohitiNe double refraction, and A. S<'hrauf gives tie* indues of refraction to I .'>81 1, 
€ ' I .*>812 for the /Mine ; to 1 .'(‘.tot). € 1 .V.to7 for the /Mim* . to 1 .b'.Mi.'), r 1 ."(‘.Mill 

tor the /'Mine; and to I*b208, € - I (»2lO for the //-lin<* V. \on Lang im*aHuri*d the 
tln'rinal conductivity of the crystals 

H. ClodetTroy jin jiand crv.Htals of rubidium zinc tetrachloridCt Va\^ \ 2Hb('l, by 

the evaporation of a .soln of tlie conijauient salts, and he also reported a s<*r!es of 

rubidium cadmium tetra- and tri-chlohdea, (VK'I.^ 2Hb('l ; t'dt'L )tb( '1.^11.20 ; but 
K. Himbach could verifv only Kb(’l (’df,*!.^ and 4Hl)('lt'dM2 unaiogous with flu* 
('orrespondmg ammonium and pota.ssiuni salts E Kimbaeli miole rhombic crystals 
of Kb('l.rd('i2 by evaporating a .wdn. wath tiu* component salts in e<jUi-molMr pro- 
portions. The axial ratios are t/ : h : r- O-.V.Hiy : 1 Tlu’ salt is stable in 

water between (L and 104', and the solubilitv at 1 2‘ is 12 ‘.t7 ]ht cent. ; at 11 b' , 
lt)-8 jjer cent. ; at 41 '4 , 2.*)'31 jier cent. ; at .b7'<i , 'iO’83 ]mt emit ; and at JO-'I’b , 
46't)2 per cent. ; or the solubility S between O' and iOl' js N 1217 bO'327y^. The 
t(‘mp. coetT. is greater than i.s the eas<* with tlu* individual salts. If a boiling 
Soln. of 2‘J grms. eadmium ehloride, 32‘4 grins, of rubidium chloride, and 
lot) grms. of water l>e sat. with a mixture of (VKT^ and JtbM in the molar ](ro- 
portions 1 : 4, and cooled to 14 , it furnishes trigonal crystals isomorjdious with the 
(•orre.sponding ammonium and potassium salts. The axial ratio is a : c 1 : O t)323. 
The crystals are decomposed by water : 41ibCl.(’d(J25=^HhL'Lf KbCdCI,<j ; the 
presence of hydrochloric acid or of lithium, calcium, or other chloride hinders the 
decomposition. Accordingly, E. Rimbach made the .same Fialt by eva]>orating a 
soln. of the component ealtil with a great exe(*HS of rubidium chloride ; and from a 
wdn. in hydrochloric acid, aat. with hydrogen chloride? at (V)\ 

H, L. Weils and (L F. Campbell prepared colourless nionoclinic prisms of COfttlum 
line pentachloride, 3C8Cl.ZnCl2. by adding zinc chloride to a cone, solji. of ciesium 
chloride all in the required proportions. If a larger proportion of zinc chloride is 
used, colourless plates of 2CsCl.Zn(’ljpi are formed. The latter salt forms under a 
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vide nuiffe of conditions, and it can be cryatailized unchanged from water. 

B. Gode£oy prepared this salt in a similar manner in 1875, and he remarks on ite 
extremely large solubility in water and dil. hydrochloric acid. H. L. Wells and ^ 
P. T. Walden obtained small rectangular plates of C8Biiam Ctdmimn tetrachloride, 
2CiiC1.0dCl2, or ('s2(MCl4, produced as a pn^cipitate when a soln. of cadmium 
chloride is added to a cone. soln. of csesium chloride ; and with a soln. of 50 grms. 

of esDsium chloriile and 3 grms. of cadmium chloride, this salt continued to be formed 
until the proportion of cadmium chloride was increased to 18 grms. when C)dCl2.C8Cl 
was formed as a white crystalline jmwder. R. Gwleffroy made the salt tdCl2.2C8Cl 
from a cone, hydroi hloric acid stiln. of the component salts. The salt CM(Jl2.2C8Cl 
is very sparingly soluble in soln. of ca*sium chloride, adact which explains why no 
cadmium salt analogous to the 3 ; 1 < eesiuin xinc chloride could be obtained. If the 
attempt be made to crystallize CdCLj 2 ('hCI from water, crystals of CsCl.CdC^, or 
CsCd(3j|, are obtained. This salt can be recrystallized from water. It i.s sparingly 
fcoluble in watiT, and especially so in cone. soln. of cadmium chloride. 

0. Menge studii'd the f.p. curves of binary mixtures of calcium chloride with 
zinc ami cadmium (ddorides ; in the former cas»‘, the curve gives signs of a eutectic 
very close to the m.p. of zimr chloride ; and, in the latter ca.se, a continuous series 
of mixed crystals is formed although the two salts are not isomorjihoiis. The f.p. 
curve here shows a minimum which Sandonnini placed at .545'’. K. von Hauer, 

J. Grailich, and C. F. Uammelsberg have prt'pared crystals of Cftlciuill cadminm 
h0Xa<^orid6, ('aCl2.2CdOl2.7H.2(), by concentrating a mixed soln. of the component 
salts in the molar proportions GaCl2 : GdCI.^— 3 : 4. If the pro[)ortions are 1 : 2 or 
1 : 3 the same salt crystallizes out at first, but is latt'r followed by Ca.2CdC’lfl.l2H20, 
or 2Ca(/l2.(MCl2.12H20. Both salts arc very hygroscopic.. The crystals of 
Ca(Jl2.2CdCl2.7H20 are monoclinic with axial ratios «: b : c 18728 : I : 18085, 
and - 105'’ 44', At 100'’, the salt loses a little water, but the whole of the water is 
exnelled only at a red heat ; it melts at a higher t<mip. and some cadmium chloride is 
voIatilize<l. With soln. containing a mol of each salt in four litres of water at 17'’, 

R. Varet gives the heat of formation CaCl2-|-2(M0l2~30 cals. The anhydrous salt 
dissolves in water with the evolution of heat, the hydrat(‘d salt with the 
al^nition of heat; similar remarks apply to 2CaCl2.CdCl2,12H.20. The salt 
2('a('l2.(M(32.12H20 melts at KX)” in ita water of crystallization, and loses about 
half its combined water at 1(K)^ and the other half at 150^-155^ It melts at a 
highly temp, with partial decomposition. The salt effloresces in vacuo over sul- 
phuric acid. (.!. Sandonnini found evidence of strontium zinc tetrachlorido, 
SrCl2 /nM2i on the f,]). curve of mixtures of zinc and strontium chlorides. The. 
com|H)unii^ decom[)oaed on melting. J. Grailich prepared strontium 
hexaohloiide, Srri2.2(M(32.7H20, by crystallization from soln. with one or two mols 
of cadmium chloride ])er mol of strontium chloride. The monoclinic crystals over 
sulphuric acid or calcium chloride, lose about two-sevenths of their combined 
water at llKr’ ; three-sevenths at 125”- 130'’ ; five-sevenths at 170”; and all at 
about 180 ”. The salt melts at a higher t<‘my)., and some cadmium chloride is volati- 
lizeii. According to W. Kniglit, the sp. gr. of the salt at 24” is 2-718. It is very 
soluble in water. H. C. Joiu-s and N, Knight measured the lowering of the f.p. and 
the electrical conductivity of aq. soln., and W. Kistiakowsky, the electrode potential. 

C. Sandonnini found a V'shaped curve for mixtures of strontium chloride — melting 
at 872'’“-aiid cadmium chloride— -melting at 568”— the minimum at 500” corre- 
sponded with about 54 molar per cent, of CdCl2. He also found that mixtures of 
zme and barium chlorides furnished a f.p, curve showing the existence of barium 
lino tetrachloride, BaGl2.ZnCl2, with the temp, of formation 470”. 0. Ruff and 
W. Plato made observations on the m.p. of mixtures of barium and cadmium 
chlorides. There is a eutectic at 475” and 65 molar per cent, of cadmium chloride 
and a Ixuid in the curve at about 560” and 90 molar per cent, of the osmium salt. 

G Warner prepared small deliquescent ncedle-like crystals of tetrahydrated barium 
zinc tetrachloride, BaCl2.2*iCl2.4H20, of ap.^pr. 2*845 (24”), by cooling a cono. soln. 
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of iho two ult«. K. von Hauer evaporated a aoin. containing barium and cadmium 
cbloridea in the mol. proportions 1 : l.and Qbtaine<l. first crystals of l>ariiim chloride, 
and later thow of tetrahydrated baiiom Cidmiom tetnohloride, BaCd(\ 4H,0, 
or BaClg.OlCl^.lHjO ; when the molar projmrtitms are I : 2. the double salt 
BaCdCl4.4HgO first cry'stalluses out, and then follows BaCdgCl^.ftHgO, or 
BaCl£.2CdCl2 J>H2() ; and when the proportions art' 1 ; 3, the last-named salt alone 
crystallizes from the soln. According to K. von Hauer, the salt BaClg.2Cd(32.5H20 
loses over two-fiftha of its combined water very slowly at IiK^, another two-fifths 
about and the remainder at a higher temp. At a higher temj). the salt melts, and 
loses some ca<lmium chloride by volatilization. E. Rtmba<'h foumi KX) gnus, of water 
dissolve 83 H‘2 gnus, of salt at 22‘6'’ ; % C2 grins, at 41*3 ; KH 2.''» grins, at 311 9® , 
and lfire-166 grins, at 107'2" ; and the solubility N at Wtween 22 0" and 107“, U 
.S =;.40‘80-H)i988d. Acconling to F. Hiidorff, the eoinj»onent salts diffuse at 
different rates in aq. soln. The salt BaClg.rdf’L.tHgO forms frit lmic crystals w'ith 
axial ratios « : 6 : c -HV87)Cb : 1 ; ()\')()f>7, and a - iK)' .")r, j3 1(HV 2r, y 89 12^ 
W. Knight gives the sp. gr. 2‘952 (24“). H. Topsde gives 2‘9()8 ; mol. vol. 7S 0. 
At l(tO \ it lojws over half its combined water, ainl the remainder at lf»0 . Aec'oniing 
to E. Kimhach, 1(K) grins, of water at 22 dissolve 72 (K) gnus, of salt ; at 414“, 
88 Ol gnus. ; at 53' 4 , I(d'21 gnus. ; at 97 H“, Ifi'J u gnus. ; and at 109‘2'\ 188’27 
gnus. ; and the 8<.)luhility S at 6^ between 22 5 ' and 109 is jS’ -m'F)‘ 78 | O’207H^l. 
The ikduhility with each salt has a higher temp. co<‘fI. than either coin)K)neut alone. 
This salt crystallizes unchanged from its aq. soln , hut the coinjionent salts diffuse 
in a<j. .soln. at different rates. According to H Vand, the lieat of admixture of 
soln. w ith a mol of each comjpouont in four litres of wat(‘r at 1 7 is ( VKl^ | Ha(32 ~2() 
cals. ; 2(-'d(’l2-hBafT2 -32 cals. 

(I. Hermann found cuprous and zinc chlori<h‘s form a cuteet'c, ni )>. 243“, with 
fK) p«T cent, zinc chloride. Solid soln. are formed at Isdli <*n<ls of the series. 
E. W. Prevo.st found a deposit on tlie brass binding 8cn>ws of a l/'clancln^ cell 
with the (‘om])<)Kitu>n of copper zttw truimfnnuMraehhrvIe, V\i/Au 2 (Nl\^)^V] 4 , hut 
there is nothing to show that this is a chemical individual, (.'uprous ami cadmium 
chlorides were found by 0. Hermann to form a continuous series of solid soln, 
having a f.p. w ith a iiiiniiiiuni at 410 ' ami 20 per cent, cadmium chloride, A thermal 
effei t IS observed at a lower O'lnp. rea<’hing a maximum at 350 ' and .‘lO ]>er 
cadmium chloride. This indicah's the formation of CUprous cadmium hezachloridd, 
4('u(‘l (MClg. This compound is greyish-blue, and formation from the solid soln, 
is promoOnl liy light. K. von Hauer also prepared a si‘rieH of salts M2t’d(’l(j.l2H|0, 
when* M denotes magnesium, rnanganes**, cobalt, or nickel ; he niaile a COPptT 
cadmium tetrachloride, C5iC<lCl4.4H.20, by the evajioration of an cqui-mular soln. ot 
the two salts. In aq. wiln. of all tliesi* salts the j»rojH*rtieH of the component salts 
can be recognizt'd, showing tliat the comple.xes are more or less resolved into their 
constituents m a<j. soln. 0. Mcnge studied the f.ji. curves (d binary mixtures of 
magnesium chloride with zinc and cadmium chlorides. Magnesium and cadmium 
chlorides are isomoqihous and form a continuous series of mixed crystals ; with the 
mixture of zinc and magnesium chlorides, there are signs of a eut^M-tic very cIos«‘ to 
the ni.p. of zinc chloride. G. Warner prepared rhombic hygro8<’opic prisms of 
magnesium sine tetrachloride, MgC^ ZnCl2.fiH20, analogous With the barium salt. 
According to J. Grailicli, and C. F. Rammelsherg magnesium cadmium heza- 
chloride, MgGl2.2Cd(32 121120 or MgCd2Clg.l2H20, can be obtained by evaporating a 
soln. of equimolar proportions or 2 : 1 parts of ca<lmium and magnesium chlorides ; it 
forms rhombic crx’stals with axial ratios a :b:c ()91,‘5<> : 1 :()'3(l39. It loses much 
water in vacuo or over sulphuric acid ; and over half its combined water at KX)", with 
stronger heating the residue melts and loses hydrogen chloride. Tlu; salt may lie 
crystallized unchanged from water. E. Kimbaeli found KX) grins, of water dissolve 
83*86 grms. of salt at 2'4“; 98 77 grms, at ^) 8‘ ; 115 grrns. at 45 5“; and 189'59 
at 121*8, and the solubility »S at Iwtween 2*4'’ and 121 is S 45-98-f0i6505d; 
the temp, coeff. is greater than for pither of the comjMjnent salts. The crystals 
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have a positive doubl(3 refraction. The refractive indices are a>“l'5485, €—1*6099 
for violet liKlit; to— ir>4tX), c— l’rj901 for bluish-green light; a>=l*5331, 
€— 15769 for yellow light; and a> -1*5268, c— 1*5728 for red light. The salt 
2MgCl2.Cd(Jlji 1211.20 or Mg2CdCl<j.l2H20 is formed by evaporating a soln. of two 
mob of magnesium chloride and one of < admnim chloride. K. von Hauer says 
that the pretw'nce of freis hydrochloric acid hinders the crystallization of both 
magnesium cadmium chlorides. MgCd.^Cl^ I2H2O loses very little water — one per 
cent, —at KX) ^. 
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1024. 18S(); .iHrt. ('him. Phya., (‘5). 23. 87. 1881 ; .1. Warner, Zed. phga. ('hnn , 28. .33. 1800; 
K. ('orne< ,ind G. rrbain, Bull. Sor. ('him , (4). 25. 218, 1010. 

** K (' Franklin and A. Kraus, .Itacr. (Jhrm. Journ., 20. 820, 18S»8; G. Gor«>, J‘ror. Roy. 
Sm - . 20. 411. 1872 ; 21. 140, 1873 : W. H. Uhk and A. Hi«au(. Journ. ( hem. Sor , 76. 880. IHOO ; 
W. Hilt/., Zed. phga. ('hem., 67. .578, l‘.8K> ; I‘. Gmuvelli*, .-Inw. Chtm. Phya,, (2), 17 37. 1821 ; 
R. J Kane, ib., (2), 72. 21HI, 1830 ; J. F. i’ernoz. Dingier a Journ , 167. 200, 180.3 ; J. (^ G. do 
.Manniuu', .InH. Mmea, (5), 12. 1, 1.S.57 ; Comjd. Rend., 46. 0.50, 18,57; G. Andni, ih., 94 003, 

I. 524, 1882, I. Ikuizat, tb., 136. l.llKt, 1003; F. InamlsTt, i5 . 100. 8.57, 188.5; 66. 12.50, 1808; 
.4rtn. f'rolr Sorm., 5. 1.52, lH(i8; B. Kurilnff, Journ. Ruaa. Phy.i. ('hem. Sor. (8), 1. 1, ISO.5, 
Zed. antirg. Lhein.,i6.Mi, 18!»7 ; F. Kphraini, i5..39. ti5, lOOH; 45. 1;122, 1012; 62. H, 0.57, 1010 : 
1‘. P. Dolierain, Bull. S<k. ('him., (1), 3. 51, 1801 ; G. K. Davi.s, ('hem. Seu'a, 25. 20.5, 1872 ; 

J. L. Davies, ib., 30. 103, 1874; A, Blanohanl, Journ. Amer. (’hem. Sor., 26. 1320, 1004; 
II. Rittliauw'ii, Journ. jirakt. ('hem., (1), 60. 473, 18.53 ; H. 'J'lnuus, Pharm. tVn4rA., 30. 020, 1880 ; 
lUr., 20. 743, 1887; F. M. .layer, d# , 35. 340.5, 1!H»3 , A. Neumann, Iter, 37. 433.8. 1004; 
\V. Kwaijiuk, Areh. Phnrm., 229. 310, 1801 ; K. rrim»/,nik, Pogg. Ann., 142. 407, 1871 ; Her,, 
9.012, 1870; K. Seliuler, Lirbig'a .inn.. 87.^44, 1.8.53. Antoine, .inn ( him Phga . (0). 22. 
281. 1802; Compt Rend . 107. (.81, 778. 830, 1888; H. (’r-dt. Phil Mog , (3). 21. 3.5.5. J812; 

K. 'I’a^illy, Compt R> ml . 124. l022. 1807; Ann ( him Phy.s , (7). 17. .38, 1890; II. (iioHsman, 
Znl onorg ( fnm , 33. 1.52, 1802 

** T. CurtiiH and F. .Si liradcr, Journ. prdkt. ('hem, (2), 50. 34.5, 1.804; H. Friinziui and 
0. von Mayer, Zed. anorg. (.'htm., W. 27.5, lix>8 ; H. GoltLsi limidt and K. D. Synyros, ib., 6. 144, 
1804 : K V. Wemland and F. S lii.yelmileh, ib., 30. 140. 1002 ; L. ('riKiner, Bull. Sor. ('him., (3), 
3. Ill, ISOO; G. Antonoff, Journ. Ruaa. Phya, ('hem. Sm ., 37. 470, 11K(.5 ; .) .1. Sudl)orouyli» 
Journ. (.'hem. Sor , 60. 0.55, 1 801. 

*• 1*. J*. Deherain, Lea rombinaisona Jormiea par deux chlorurca aont e.Uea <lea aeja * Kvn'ux, 
18.50 ; Hull Soc. Chun., ( 1), 3. .51, 1801 ; D. Baae, .imer. Chrm. Journ., 20. 040, lH08 ; .1. G. de 
.Manyiuu', Ann Minea, (.5), 12, 1, 1857 ; O. Hautz, KieJiu/a Ann., 66. 287, 1848; H. Selnff, i6., 
112. 88, 1.S.50; R ,}. Kane, ib,, 72. 290, 1849; R. .Si'liiiidlcr, Mag. Pfuirm., 36. 47, 1831 ; 
('. F. Raiimiel-Urg, /^layg. Ann., 94. .507, 1855; L. J. 'riienaid, Srhertr'a Journ., 10. 428, 1803; 
G. Hassayn-, Ann. Chtm. Phya , (2), 70. .344, 18.39; M. Berlhelot and G. Andre, d> , (0), 11. .308, 
1887 ; J. I, Pierre, th , (3), 16. 2.50, 1845; P. A. Mwrburg, Zed. anorg. Chem , 37. 199, 11843 ; 
K. Hachnieiater, ib., 109. 145, 1919; S. Gninauer, %h., 39. 409, 1904; F. Kjihraini, ib , 69. 0.5, 
1908; R. Romanis, Chtm. Netoa, 49. 273, 1884; G. AndiV*, Compt. Rend., 94. 903, 1882; 
A. Johnw'n, Seuea Jahrb, Min., li, 93, 11K43 ; C. H. D. Btkleker, Die Reziehungen zwiachen Diehti 
und Zuaammenaetzung bet /eaten und ligvtden Sto/fen, Ix-ipzig, 1800. 

•* G. (’. Wittstein, Uurhner'a Repert,, 67. 32, 1830; K. von Hauer, Sdzber. .4W. If' ten, 18. 
449, 18;54 ; V. von Ung, tb., 54. 103, 1808 ; Pogg- 186. 37, 1808 ; H. Croft, Phil. Mw., (3), 
21. 3.50, 1842 ; H. Gntssmann, Zed. anorg. Chem., 38. 149, 1902 ; K. Har hmeisU'r, H>., 109- 14.5, 
1910; E. Rimbaeli, Ber., 80. 3075. 1897; 85. 1298, 1902 ; 38. 1.509, 1906; A. Si brauf, Pogg. 
Ann., 112. 604, 1801 ; G. Andi^, Compt. Rend., 104. 908, 1887 ; E. Tawiilly, Ann. chtm. Phya., 
(7), 17. 108, 1899; V. von Lang, ZeU. Kryat., 88. 208, 1901 ; H. L. Wella and P. T. Wal^n, 
Amer. Journ. Scitnre, (3), 46. 426, 1893 ; A. Johnsen, Nemea Jahrb. Min., ii, 114, 1903 ; E. Biron 
and B. Afanaajeff, Joum. Ruaa. Phya. Chem. Soc., 40. 70, 1908 ; t>. KreuU, Aiu. Akad. CroMvU, 
604, 1909 ; G. P. Baiter and M. A. Hine«, Amer. Chem. Journ., 81. 221, 1904 ; U. Lehmann, 
Molekularphyaik, Leipzig, 1. 4.56, 1888. 

A. Cbaaaevant. Ann. Chim. Phya., (6), 80. 39, 189.3; J. I. Pierre, ib., (3), 10. 248, 1845; 
M. Bertbclot and G. AneW, ib., (0), 11. 308, 1887 ; G. AntW, ib., (0), 8. 86, 1884 ; Comj4. Rend., 
94. 903, 1882 ; P. P. Dehimin, ib., 62. 734, 1861 ; H. Brand, Seuea Jahrb. Min. B.B., 82. 627, 
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1911 } Dai Unt&n Sydtm Cadmiutmehlorid-KaUimehlorid^NairiiimeU(^ Berlin, 1911 ; C Swi* 
donnini, Oatx. Chin, Ital., 60. i, 289, 1920 ; J. C. G. de Mnrigwkj, An%. Miw», (5), 13. 16. 1867 ; 
0. i4n»., 06. 287, 1848 ; R. Godelfroy, Ber., 8. 9, 1876 ; R. Schindler, Mag. Pham., 

80. 48, 18.71 ; H. C. Jonc« and N. Knight. .«4wi«r. Chem. Joum., 22. 110, 1897 ; A. S. Cushman, 
ib., 17. 379, 1895 ; H. C. Jones and K. Ota, ib., 22. 6, 1899 ; C. F. Lindsay, tb., 28. 66, 1901 ; 
K. Comeo and 0. Urbain, Ctmjd. Rend., 168. 118, 1914 ; BuU. Sac. Chin., (4). 26. 137, 218, 1919 ; 
Fi Ephraim, Zeit. anorg. Chen., 60. 68, 1908 ; A. Benrath, ib., 68. 269, 1908 ; E. Biron 

B. Aianasjcff, Journ. Russ. Phy*. Chen. Soe., 40. 70, 1908 ; K. von Hauer, Silsher. Akad. Wien, 
16. 23, 1866 ; A. Schraof, ib., 41. 781, 1860 ; V. von Lang, ib., 64. 163, 1868 ; F. Rudorff, Ber., 
31. 4, 3044, 1888 ; A. Naumann, ib., 87. 4339, 1904 ; E. Rimboch, ib., 80. 3079, 1897 ; 86. 1307, 
1902 ; 88. 1666, 1906; C. F. Rammelsberg, Pogg. Ann., 94. 604, 1865; H. Schifl, Liebig'* Ann., 
108. 88, 1869; H. Kopp, LAebig't Ann. Bwp^, 8. 1, 1866 ; 8. Labendainsky, Ud>er die Ken- 
ttitvtion der geloeten Sckw^ieialUal ze auf Grand von Potentialnessungen, Breslau, 1904 ; Zeit. 
KUetrochem., 10. 77. 1904 ; C. Immerwahr, ib., 7. 482, 1901 ; H. CYoft, Phil. Mag.. (3), 21. 257, 
1842 ; H. Traul>e, Zeit. Ki^., 29. 603, 1897 ; H. Steinmetz, ib., 66. 167, 1921 ; W. Kistiakowsky, 
Zeit. fhy*. Chem., 6. 109, 1890; H. G. F. Schroder, DirhligktiUmeMungen, Heidelberg, 1873; 
R. Varet, Comvt. Bend., 128. 422, 1896; H. L. Wells and G. F. Ciimpbell, Aiwer. Joum. 
Bcienre, (3), 46. 431, 1893; H. L. Wells and P. T. Walden, ib., (3), 46. 426, 1893; 
K. SudhaiiH, Neue* Jahrb. Min. B.B., 87. 1, 1914; VAer die Gleichgetrichte der Dojypeimlze 
von Cadminmchhrid-Natriumchlorid. and Cadmiumchlorid- Kaliumehlorid nit ihren udsserigen 
Lbtmngen, Berlin. 1914; R. Ixjrenz, H. Frei, and A. Jabs, Zeit. phy*. Chem., 61. 468, 1908; 
F. Bourion and K. Rouyer, Ctmvi. Bend , 176. 1406, 1922 

•• K. von Hauer, Journ. prakt. Chem., (1), 69. 121, 1856; (1), 68. .385, 1866 ; Sitther. Akad. 
Wien, 17. 331, 1866 ; J. CroiJicb, ib., 27. 3, 1867 ; A. Murmann and L Rotter, ib., 84. 184, I860 ; 
H. 'IVipsde, ArcA. I'hu*. Nat. Genhe, (2), 46. 223, 1872 ; R. Varet, Compt. Bend., 128. 422, 1896 ; 
0. Warner, Chem, New*, 27. 271, 1873; 28. 186, 1873; C. F. Rammelsberg, JJandbuch der 
krystallografkiech-phyaikalischen Chemie, Leipzig, 28t>, 1881 ; E. Rimbacb, Stiver. Akad. Wien, 
80. 3079. 1897 ; G. Hermann, Zeit. anorg. Chem.. 71. 267, 1911 ; 0. Mugge, Zeit. Kryat., 19. 601 , 
1801 ; W. Kn^lht, Ber., 11. 1506, 1878; H. C. Jones and N. Knight, Amer. Chem. Journ,, 22. 
no. 1897 ; W. Kistiakowsky, Zett. phy*. Chem., 6. 109, 1890; F. Rudorff, Ber., 21. 4, 3tH4, 
1888 ; U. Rulf and W. Plato, ib.. 86. 2363, 1903 ; O. Menge, Zeit. anorg. Chem., 72. 162, 1911 ; 

C. Sandonnini, Bend. Acead. Lincei, (6), 20. ii, 406, 646, 191 1 ; (5), 21. ii, 624, 1912 ; E, W Prevost, 
/V)c. Boy. Boc. Kdin., 9. 302, 1877. 


§ 13. 2Sinc and Cadmium Bromides 

According to C. Mcntzcl,^ bromine occurs in the cadmiferous zinc ores of Silo.sia, 
and hence it has boon iuforred, without proof, that zinc bromide oceiirs in nature, 
A. J. Balard pre[)ared zinc bromide, ZnBr«, by dissolving zinc in hydrobroniic acid ; 
Itydrogen was simultaneously developed. The evaporated liquid crystallizes with 
difliculty. According to U. Dietz, the sat. neutral som. at 38"^' to 4(1“ gives octahedral 
crystals of zinc bromide. On account of hydrolysis, some o.xide is formed. 0. Lowig 
sublimed the zinc bromide from the residue. C. P. Baxter, M. A. Hines, and 
H. L. Frevert made cadmium bromide by dissolving cadmium in bromine wat<’r 
acidified with hydrobromie acid to pifvent the formation of basic salts. The 
soln. was heated on a waU'r-bath to drive off every trace of free bromine ; filti'red ; 
and crystallized. The crystals were dried over potassiiuu hydroxide in vacuo. 
W. L. Hardin i>repared cadmium bromide in a similar manner, and the crystals 
were dried and aiiblimeil in a stream of dry carbon dioxide while heated in a hard 
glass combustion tube. A. J. Balard noted that bromine water slowly dissolves 
zinc oxide, forming zinc bromide and bromate, but tlie liquid does not bleach 
vegetable colours. J. B. Berthemot prepared cadmium bromide by boiling cadmium 
and bromine waU‘r ; he also passed bromine vap. over heated zinc when colourless 
fust'd zinc bromide is formed. He also noticed that cadmium in the cold does not 
* rea('t very well with bromine, but when heated in a stream of bromine vap. a cloud of 
cadmium bromide is formed. T. W. Richards and E. F. Rogers also obtained highly 
pure zinc bromide by dissolving purified zinc oxide in purified hydrobromie acid, 
and the resulting crv’stals were sublimed and finally heated in a stream of hydrogen 
bromide and nitrogen. 0. \V. Huntington also dissolved purified cadmium carbonate 
in purified hydrobromie acid, and evaporated the soln. to dryness ; he heated the 
mass to 2(X)“ ; and then sublimed the cadmium bromide in a stream of dry carbon 
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dioxide in a porcelain tube. 0. D. Ragland also aays that cadiniutu bromide m 
prepared more conveniently by dissolving catlmium oxide in bromim* water than 
by i»aasing the vapour of bromine over heahnl cadmium. T. W. Hiclmnls and 
E. F- Rogers prepartnl highly purified zinc bromide by tri'ating purified zim- with 
pur'ified bromine in an atm. of dry carbon dioxide. 

About 40 gnus, of purified tino were treated with an of purifietl bromine in a 

Jena giaas fiaak which was cooled during the reaction. The nnl Roln. was lilteixMl in a glass 
funnel through asU'stoii, and the excsess of bronune, together with any tnuv of itMiine 
which might be present, was driven off by leaving Um» fiask m a very mucli inclinwl position 
on a steam-bath for some lime. 'I'he dil. colourlcHs stiln. was evajwrsUHl to a tunall 
bulk, and the greater part fractionally crystalliz«'d by cooling m zero. To sublime the 
wnc bromide, a glass adapter for conducting the current of curlnm dioxide was filths! to 
the lower part of a platinum retort. The substanoe to lie Hubhmist was contaimHl iu a 
small platinum crucible fitted with a a’ire handle, by which it could l>e eiisily rauMMl, lowertnl, 
or rt'inovcd. The adapter was so arranged that the curnMit of gas came as elosely as possible 
in contact with the crucible, and so that any xmc bromide which iiught condens»‘ in a 
liquid form U|K)n the glam, and thus run the nak of taking alkali fn>m it, must rc'lurn to 
tlie crucible and be re-distilled. The sectional drawing will give a clearer idivt of the 
arrangenicnt (Fig. 39). Two powerful Ifunsen buniem supplied lu^at fn^m ImjIow, impinging 
upon a isirt'clain disli which fitted closely to the bottom of the r«>tort and prtn^>cU‘d the 
phitmum. The gases from the flame w'ere divcrtetl by a lan?o dia|>hragm of asbestos lioani. 
by means of this arrangement it is possible to sublime alanit half a grm. of mnu brouiulo 
an hour ; the crystals ore oxcioedingly beautiful, and give every evidence (if gn^at purity. 
JnsU'od of Is'ing suldiuuyl, some of the pnro salt was distillfMl in a current of carl>oii dioxide. 
For this purjioso a mcdlum-Hi^ed tul>o of the ha^d(^st glass was drawn out so as to si'rve 
as a small retort, and this was encased ni a larger hard glass tulK\ from which it was 
separated hy wneral piecce of platinum foil. A platinum Isiaf, into wliich was directed 
the drawn-out and tumod-over point of the inner tiila', w'rved as the itKieiver. Hero, 
again, a diagram must assist the explanation (Fig. 40). The y.inc bromide thus distilhsl 
posseMSi'd a jw-cuharly brilliant white lustre. 



Fio. 39 - -'Pile Sublima- 
tion of Zinc Hromido. 


W. OrtlofI * states that zinc- bromide forms rhombic crysUls with axial ratioA 
( 1 : 6 : c=0'l)24 : 1 : 1 2fi4. The molten mass of fu.S(‘d zinc or cadmium bromide 
cr}stalliz(’8 on cooling. Cadmium bromide, on sublimation, gives white plat4*8 with 
a mothpr-of-])carl lustn*. 

C. H. D. Bodeker ^ gives the specific gravity of zinc bromide as 3 043 (B)") ; 
T. W. Richards and E. F. Rogers, 4*219 (4°); and C. H. D. Btklekcr found for 
cadmium bromide, 4 712-4'910 (14'^) ; F. W. Clarke, 4*794 (19*9'^) ; and G. P, Baxter 
and M. A. Hines, 5*192 at 25*’, water unity at W. Biltz gave 52*43 for the mol, 
vol. of cadmium bromide.. A. J. Rabinowitach measured the sp. gr. and vifCOlitiei 
of soln. of zinc, and cadmium bromides. According fco 8, Motylowsky,* the drop 
weights If of zinc and cadmium bromides at their in.p. are respectively 44 and 87, 
where the SOllace tenii0D, ( 7 , is a=0*076lf . C. A. Valson found that for soln. with 
0, 5, 10, and 35 grms. of CdBrg in 100 c.c. of water, the capillary heiglit in a tube 
of J mm. diameter was 58*2, 56*0, and 49*0 mm. 

The reported numbers for the meltillg point of zinc bromide vary from the 3^)® 
of L. Graetz * to the 394® ± 2*5® of T. Camellev- For the m p. of catlmium bromide, 
T. Camelley gave 571® ; 0. H, Weber, about 5^1® ; L. Graetz, 585° ; and R. Naeken 
567®. R. Naeken observed no breaks in the heating or cooling curves of cadmium 
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bromidft. K. Monkcnieyor obsorved with cwlmium bromide a transformation 
point btdween ^ and 384"' ; G. Hermann said at 31)4 ". R. Nacken obtained a 
U-shaped curve, Fig. 41, for the f.p. of mixtures of cad- 
mium chloride — melting at 563'^ — and of cadmium bromide 
--melting at 567" with a minimum at 551'" when 6() per 
cent, of (?dCl 2 is prestuit. R. Dietz also obtained mixed 
crystals of Cdd^.CdBr.^.oH.^O. According to T. Carnellcy 
and W. C. Williams, the jailing point of zinc bromide 
lies between 61)5'" and 691)'" ; V. M«*yer and F. Freyer 
give 642 0 t,^) 652‘4" ; V. von Czepinsky, 670" 0) 680‘" , 
W, Humpe, 697 ' ; the b.p. of Cadmium bromide is HOG'" to 
812'", according to T. Carnellcy and W. C. William.s, and 
9)>3'", according to O. 11. Weber. The vapOUT density of 
cadmium bromide found by V. and C. Meyer is 9’25 
betw<*en 914'" and 923 ’- -the calculaO'd value for CdRr 2 
is 9'40. According to G. Tammann,® the mol. wt. of 
cadmium bromide, calculat4*d from the lowering of the 
vaj). press, of a(|. soln , is abnormal. 

Deb'rminations of the molecular weight of zinc and < admium bromides in 
organic solverits have been made. E. B<‘ckmann found from the effect of zinc 
bromide on the b.p. of (piinoline, a mol. wt. of 222 ; the calculated value for ZnBr.) 
is 235 '{ ; and from the b,]) cadmium bromide, 271 ; when the calculated value is 
272'3. A. VV'erner found that by increasing the cone, of a soln. of cadmium bromide 
in piperidine from 2'06 to 9*47 per cent., the mol wt. rose from 28() to 329, 

According to W. IlallvvachsJ the co(dT. of cubical expansion of a 35*81 percent, 
soln, of cadmium bromide is ()*()()(K)46. According to (1, llelmreich, the specific 
heat of cadmium bromide from O'’ to .*10’ is 0*06.561 ; from 0 ’ to 50 ', 0'06690 ; 
and from 0" t/O 70 ', 0 06809. (!. Iltdmreieh give.s for the sp. ht. (' and mol ht. C' 

of 1613 and 11*98 per cent. .soln. of cadmium bromide from o :M) \ re.spectively 
-O ^iri.'l, C' 21*60, and 0 0*605.‘13, C'- -21*64 ; and from 0 -70 . 6' 0 83.357, 
(y 5*99 ; and C- 0*60204. ('' 17 99. 0 H. Weber's value for the heat of fu.sion of 

cadmium bromiih’ is 5 0 to 5*2 (lals. G. G. Person gives for the latent heat of 
tusion of a mol of zinc bromide 1*83 (‘als. ; V. von (V.epinsky, 1 91 to 1*!)8 (’als. 

The heat of formation of zinc bromide is 75*1)3 ( 'als., acM'ording to .1. Thom.sen ; ® 
85‘13 ('als., according to R. de Forcrand ; and 87*2 Gals., according to M. Berthelot. 
M. H ersehkowit.seh gives for the soln. of cadmium in bromine. 77*46 Gals. ; 
•f. Thomsen, 76*3 : W. Nern.st, 77*3. R. Lorenz and M. G. Fox give for the change 
of free energy in the formation of molten cadmium bromide, at 6^, between 580 ’ 
and 720", IT -1*015 ()0(K)712(^ .580), and by substituting this value of W in 
J. W. Gibbs and 11. von Helmholtz's formula, Qp 2.iOI6n(ir - TdWjdT), the 
thermal valiM' of the reaction can be computed. V. von Gze])inskv gives for the 
heat of formation of zinc bromide, calculated from tin* free and bound miergy, 
76 ,544 Gals, at ,*160" ; 80*119 Gills, at .390"; 89 .597 ('als. at 460 ; 96 944 (’als. at 
6^10'’ ; and 141*121 Gals, at 460 ’. ,1. Thomsen found the heat Of solution of a mol 
of ZnBro in UK) nmls of water, to be 17*03 Gals. ; and for GdBro, 0*76 Gal. 

The solubility of zinc bromide in wak^r has been determined bv fitard,* 
R. Dietz, etc, R. Dietz’s data show the percentage composition or the number 
of grams of ZnBrg in lot) grins, of soln. : 

-16* -to" -8* 0* 15° 30* 35* 40* 80“ tOO” 

ZnBr, . 77 1 78-45 79 06 79-56 807 84-08 86-4 85-67 86-67 8706 

^ .. -' 

Solti phMP8 ZnRr, 811,0 ^ Znnr,.2li,0 ^ ZnBr, 

At the transition points —8", R, Fig. 42, and 3.5\ D, Fig. 42, there art' two solid 
phiuscs. The unstable n‘gions BO and DE liave been ri'alized. At the higher 
temp, the hydrate with the smaller proportion of water of crystallization b<»comes 
the more stable. H. Lescceur obtained indieations of monohyfirated line bromide, 
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ZnBrj HjO. from hi« moHsurementa of the vap. press. R. DieU obtAinwl rhombic 
plates of dihydnted line bromide, ZcBr^ltllvO. by C<x)!mg an ]H'r cent. soln. 
of neutral zme bromide to t)^. The hydrate 
melts at 37' to a clear fluid. R. Dietz ob- 
tained j>rismatic crystals of trihjfdrated line 
bromide, ZnBro.3H20. by cooling an 8() ])er 
cent neutral soln of zinc bromide to —2.'''’: 
anil K liUliiirskv obtained it by 8i?eding with 
cn'ntal.s of trihydrated zinc chloride. The 
crvhtal.H melt at '> , acrordiiu; to R. Dietz, 
or at 2 to 3 , according to E. Lubarsky, 
below winch “ it i.s jHisHiblc another hydrate 
IS formed,” Both Halts are very dehques 
cent, and their solubility and range of stability 
are indicated in Fig. 42. 

R. Dietz, and A. fitard have also j»ar 
tially e.\|i|ored the solubility curves of cad- 
mium bromide- the latter at temp, above 
10(1 , the former below KK)' : 
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(MBr, . 
s..iia j.Im^ 


37 92 48 90 60 90 


(iO 40 


IHC 
01 10 


KHI' 
Gl G3 


inf." 

G9 9 


I'.llir, 4ll,o 


At the transition point at 3(i there are the two solid phasi'S, t’dBr 2 414^0 and 
Cdllro ILfb Till! unstable t’dHr.j.ll.d) at 3.') with (>(>3 j»er cent, of (MBr.^ Iuih 
been molatcd Aecordmu b) U Dietz, cadmium bromide forms mono- and tetra- 
hydrated salts. H Is'-seauir’s \ap. press measurement .s contirm the existence 

of the monohydrated cadmium bromide, CdBr^ li^D range of Htability and 
solubility are indii'atcd in the preceding table, when the transition ])oint is ni'ar 
3(1 ; below thus temp , tetrahjdrated cadmium bromide, (MBr.^ 11U>, is the stable 
jdiase II D'seCLMir has studied the vap. pre.sH curve: ,1 Thomsen found the heat 
of formation ('dBr.j i-IIDD 77 73 Cals , and the heat of w.ln in (KM) niols of wab-r, 
—7 3 Cals J, M. IMcr reports that one ]»art of the salt dissolvcH in 0 94 jmrt of 
water, 3 1 )»art.s of absolute alcohol, in 27»o parts of ether (sj». gr. 0 729), and in 
lb parts of alcoholic etluT. 

'riie. Specific gravity of ai]. soln. of zinc bromide lias been determined by 
1*. Kri'iners; 'O and of cadmium bromide liy 1’. Kremers, (', A. Valson, (). (Jrotrian, 
F. .1 Werslioven. and many others. R. Kremers gives for the sp. gr. of soln. 
witli w grins, of (VlBr^ per RlO grins, of water at 19-3' ; 

fc . . 20 0 42 0 91 4 112 7 160 3 211 1 224 7 318 3 

Sp. gr. . . 1 1716 1-3270 1 0101 1 7190 1 8797 2 1096 2 1441 2-89U 

The following is a selection from 0. Grotrian’s and F. J, Werslioven's data for 

cadmium bromide at 18"*: 

Per cent. CilBr, 0 0324 0 600 0013 6 07 10 10 20 11 29 96 42 99 

Sp.gr. . . 0 9990 1 0031 1 0076 1 0437 1*0910 1 2004 1*3288 1 6464 

1*. Kremers has also calculated the increase in volume whii h occurs during the 
dissolution of the salts, and also the effect of variations of bunp. on the. vul. of the 
soln. With 19 9, 67 0 , and 189’2 mob of ZnBr 2 per 1(K) parts of wabT (vol. of 
water at 19’5^ unity), the r<\spective vol. at O ' are 0 ‘Mt4l9, 0*98980, and 0*98840 ; 
and at 100^ T05011, 1 05640, and 105456. Similarly for cadmium bromide, for 
«“24 3, 44*5, and 68*1 the res|>ective vol. at 0' are 0*99426, 0 99226, l*0(J(K)0; 
and at 100°, 1 *04665, 104942, and 1(J5157. These numlsTS show that the ers'ff. of 
expansion of soln. of these salts increases with increasing cone., and with a falling 
temp. The lowering of the vapooT pr6SSQI6f of soln. of 0 5 and 4 0 mob of cadmium 
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bronikle in » kgrin. of water at 100®, are re^*ctively 8‘6 and 80 mm., and H. C. Jones 
and V. J. Chambers’ values for the lowering of the f.p. of soln. of the aame salt show 
that the degree* of ionization falls from 0'93 to 0‘36 as the cone, of the soln. increase 
from 0'00120 to 0 1124 niols fMBr 2 btre ; and that with cone. soln. the ionization 
is not tlie sini])Ie process symbolized CdBr 25 =^‘’+ 2 Br', for complex ions are 
probably prewnt. 

The mmC68 Ol refraction of zinc bromide soln. have been measured by P. Kremersi* 
at ir>" for soln. of sp. gr. 1*3371, 1*7190, and 2*1095 at 19*5° (water at that temp, 
unity), and the resis'ctive values are 1*3881, 1*4446, and 1*5002 ; and likewise for 
soln. of cadmium chloride of sp. gr. 1*3310 and 1*5951 (19*5°) the respective indices 
of refraction are 1*3814 (14°) and 1*4199 (16°). C. Behder gives for a 4A'^-Boln. of 
cadmium bromide at 15", /a(//.)- 1*39574 (19*7°); /14(D) =1*39835 (20*2°); 
/4(H/i): 1*40484 (19*9°); and /i(Hy)= 1*40996 (20°). Values have also been 
reported by H. Jahn, W. Ifallwachs, and M. le Blanc and P. Rohland. The sp. 
eleotroma^etic rotation of the plane of polarization of soln. of cadmium bromide 
of sp. gr. 1 1628 to 1*3312 (20°) is 1*,‘1044. Analogous results by J. Forchheimer 
showed that the mol. rotation of cadmium bromide is indei)endent of the cone, 
and of the degree of ionization of the soln. According to J, A. Wilkinson, 
(cadmium bromide gives a yellowish-white fluorescence, a faint phosphorescence* 
and a weak thermoluminescence. C. Sheard and C. 8. Morns found that the 
emission spectrum of zinc bromide has an absorption band between 5550 and 
51.50. E. J. Evans studied the absorption spectrum of cadmium bromide? vap. 

According to F. Braun,'*’ anhydrous solid zinc bromide does not conduct 
electricity electrolytically ; W. Ham^ie says that when solid it is a non-conductor, 
but when fused a good conductor; and V. von Czepinsky said that the fus(‘d anhy- 
drous salt is a better conductor than the fused hydrated salt. L. Graetz's values 
for the conductivity A' (mercury unity) arc : 


4ft(r 440" 

420" 

4(K)* 

300" 

380" 

300" 

340" 

320" 

A'xio* . , 1000 820 

050 

504 

430 

365 

260 

160 

50 

Similarly for cadmium bromide : 

020" 6(KI" 


r,85" 

f>80" 

670’ 

500" 

630" 

610" 

K X 10* . , 302 288 

283 

280 

236 

120 

60 

7 

2-8 


There is therefore no abrupt break with zinc bromide in jiassing from the molten 
to the solid state ; and there is a very faint break witli cadmium bromide. The 
polarization during the electrolysis of fused zinc chlorid«* with risi* of temp, falls 
the more the nearer the b.p., a phenomenon which Y. von Czepinsky attributes to 
the possible depolarizing action of the anode gases diffusing to the cathode more 
rapidly the higher the temp. According to C. C. Garrard, the decomposition 
potential of the molten salt is 1*21 volte at 5()4° in an atm. of carbon dioxide. 
0. H. Weber gives the e.m.f. of the cell C<i | CdBr .2 | Br at a temp. 0 between 
610° and 780" as 1*1319- ()*(K)()486(d— 610) volte; and V.von Czepinsky, for the 
cell Zn I ZnBr 2 | PbBr 2 1 Pb, 0*2286 volt at 434°, and 0*1418 volt at 673°. 
G. C. Schmidt and W. Hechler said that the vap. is also a good conductor, and 
A. E. Garrett and R, 8. Willows, that the molten salt appears to ionize the 
surrounding atm. J. H. Long's values for the eq. conductivities of soln. with 
a mol of JZiiBrj per litre, and 0. Grotrian and F. J. Wershoven’s values for 
iOlBra per litre at 18°, an* : 


N. 

. 0 0001 

0 002 

0-01 

0-06 

0 1 

0-5 

1*0 

40 

10 

AZnBr, . 

. 110 

105 

08 

87 

82 

65 

55 

23 

7*3 

ACdBr, . 

. — 

02 

65 6 

40*1 

31 

18*3 

16*4 

7*0 

— 


G. Jtiger’s values for the eq. conductivity of zinc bromide soln. and 0. Grotrian’s 
for catlmium bromide soln, show a rise bo a maximum as the cone, increases, and 
this is followed by a rapid fall in the conductivity. Cadmium bromide in dil. 
soln. is almost as strongly ionized as cadmium chloride, and the degree ot ionii at ion 
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rspkUy falls as the cone, increasea. H. C. Jones anil co-workers found the mol 
conductivity ft and the percentage degree of ionization, a, of solu. containing a 
mol of cadmium bromide in v litres to be : 


V . 

4 

8 

32 

128 

612 

2048 

/*♦' 

. 28-63 

37-80 

67-78 

79-77 

101-87 

121 23 


. 964 

128-6 

202-3 

286 4 

309-1 

4361) 

. 231 

30-5 

467 

64 4 

81 9 

97-9 


. 221 

29-5 

46*4 

66-7 

84-6 

1000 


A. .1 Kabinowitsch measured the anomalous ionizatitui ir. the dccri'amul eq. 
conductivity with dilution of zinc and cadmium bromides. VV. Hallwacbs obtained 
analogous results, and C. Immerwahr found that the ainc. of the ions is very 
sensitive to additions of potassium bromide. U. KummeH's values for the trauh 
port nombem of the anions of zinc bromide vary from 0 584 to 0 (i()7, in soln, with 
resjMictivelv 0(K)272 and 001(»3 mol of ^ZnHrg per Cl Kummell alsti found 

0‘581 for tioln. with 0 010 to (ta)20 mol of JOdBrg j>or litre. For cone. soln. the 
4‘vidence, as with the corn'sjmnding chlorides, pointa to the formation of complex 
anions in cone. soln. V. Goixion found that the transport, numln'r of the anions in 
a cone. soln. -2!) per cent.— of (Mf'lg. varies with temp. d- H\ anum. 0894 ; 
40", 1'04<); and at 75®, 0 ‘>70 ; the phenomena hert' are also explained by the 
formation of complexes. 0. Gnd-rian, F. J. WVrshoven, and ('attaneo have 
mensun‘d the temp, em'ff. of the eonduetivity of soln. of cadmium bromide ; 
(!. .1. J. Fox has measim*d the conductivity of a<|. soln. of cadmium bromide sat. 
with 8ul])hur dioxide. A. Gockel has measured the change in the electromotive 
forc(‘ of Zn t ZnBrg and of Cd | G/dHrg w'ith variations of temp. According to 
8. Meyer, the magnetio susceptibility of cadmium bromide in )U)wder form 
referr«‘d U) mass units is — 0 30xl0”®. 

Soln. of zinc and cadmium bromides ar<‘ hydrolytically decompowxl by wati*r. 
G, Andreis report<*d zinc heioxydibromide, ZuBrg i)Zn0.i%5Hg0. to be formed by 
the action of cold water on the tetroxydi bromide ; zinc pentozydibromide, ZnBrg. 
fiZnO 6H.g(), by heating in a sialed tube at 2<K)" a mixtun' of zinc oxide and bromide ; 
zinc tetroz:^bromide, ZnBr...4Zn0.1()Il20, by heating 1(K) grnvs. of zinc bromide 
with .'K) grins, of zinc oxide, and adding a cone, soln, of arnnioniiim bromide until 
the oxide is dissolved ; he also obtained a tridoeahydrate, ZnBrg.4ZnG.13H2(), by 
heating a cone. soln. of zinc oxide in zinc bromide, and an eniieatleeahydrate, 
ZnBrg.4Zn0.1‘.)H.,0, by adding aq. ammonia to a soln. of zinc bromide in amount 
insufficient for complete pixjcijiitation. G. Andr^* has also reported a zino dianunino- 
triozybromide, 3ZnO ZnBr2.2NH3.5HgO. by heating in a w‘aled tube trideca- 
hydrated zinc tetro.Tydibromide with w^ater at A. de S<’hulten made plate-like 

crystals of a basic cadmium bromide, or cadmium ozydibromidCf (MO.GdBrg.HjjO, 
that is, ('d(OH)Br, by heating a soln. of ca<lmiuin bromide one or two days with 
marble in a sealed tube at 2r)0° ; K. Tassiily made the same salt by treating a 
dil. soln. of cadmium bromide with dil. aqua ammonia. The product has a sp. gr. 
4‘87 (15®), and heat of soln. 14 3r) Cals. It is decomposed by water. Hmall crystals 
of the trihydrate, CdO CdBrg.SHgO, were made by E. Tassiily by treating a cone. wdn. 
of cadmium bromide w’ith cadmium oxide in a scaled tub<t at 200®. The crystals act 
on polarized light ; they are decomposed by water, and more rapidly by alkali lye ; 
and they are readily soluble in acids. A. Mailhe also report<*d a heptahydrate, 
ZnO.ZnBrg.THgO, by adding mercuric oxide to an excess of a soln. of zinc bromide. 

According to W. Hampe,i® and J. B. Berthemot, zinc brf^mide dissolves copiously 
in anhydrous alcohol ; and, according to J. M. Bder, 100 grms. of a sat, soln. of 
tetrahydrated cadmium bromide in absolute alcohol at 15® contain 20 93 grms. of 
CdBrg. H. Jahn says the sp. gr. of a soln. of 0*27097 or 0*16088 grm. of cadmium 
bromide in unit vol, of alcohol is 1*0464 or 0*94361 (20®) n*8j>ectively ; and the 
refractive index of a soln. of sp. gr. 1*0461 (20®) is /i„~l*3950 ; /iD“l '3970 ; and 
f^j~l‘4027. H. Jahn found the sp. electromagnetic rotation of the plane of 
polarization of alcoholic soln. of cadmium bromide of sp. gr. 1*0464 to 0*94361 (20®) 
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to be on the average 1 - 3784 . C. Helmreich measured the sp. ht., and S. Arrhenius 
the electrical conductivity and the degree of ionization of alcoholic soln. of cadmium 
bromide ; and C. Cattaneo gives fi~i 4 as the mol. conductivity at 18 ° of a 0 OOIN- 
Boln. 

W. Ilampo says zinc bromide is soluble in anhydrous eiher and the soln. is electrically 
conduotiug. J. NiokU'S prepared an unstable compound of other with zinc bromide which 
fiinuld in air. J. M. Kdor says 100 grins, of a sat. soln. of tetrahydrated cadmium bromide 
in aliHolute ether contain 0*4 grm. of (JdBr, at ir)". VV. Hampe says zinc bromide is 
insoluble in carbon diaiilphifU ; and E. Beckmann, that it is soluble in quinoline. According 
to 1*. Dutoit and E, Astern, the mol. conductivity is p = 16 2 for a soln. of a mol of cadmium 
bromide in 384 litres of propionitnle. Cadmium bromide, say W. H, Krug and 
K. P. MacElroy, is soluble in acetone, and, aei’ording to A. Neumann, 100 grins, of absolute 
acetone dissolve l’6fi9 grins, of cadmium bromide, or 64 f) grins, of acetone dissolve a gram 
of the salt at 18°— ammonia nrocipitates (.’dBr,.2NH3 ; hydrogen Hul|)liido, yellow CdS ; 
chlorine, CdCl| ; etc. According to J, 11. Mathews, cadmium bromide is insoluble in 
allyl mustard oil. Zinc and cadmium bromides also form numerous compounds with 
phmylhydnutnv and other organic bases. 

According to A. I*otilitziii,^® oxygen attacks zinc or cadniiiiiu bromide at a 
red heat, forming a mixture of oxide and bromide. According to A. Potilitzin, and 
M. Ih'rthclot, the brornideH un‘ easily reduced when lieated in a stream of hydrogen 
ill a glass tube with cadmium brotiiide the metal forms an annular deposit with a 
bright metalliii lustre, J. B, Hertliemot found zinc bromide to be decomposed by 
nitric acid, but, according to V. Thomas, it is not attacked by nitrogen peroxide. 
With mercuric oxide, A. Maiihe obtained zinc oxydibromide, ZnO.HgHr.^ 8lbjO. 
II. N. Morse and H Jones obtained a product cadmium subhromide, Pd4J3r7, 
by heating anhydrous cadmium bromide with an excess of metallii* cadmium in 
vacuo, or in an atm. of nitrogen. The remarks witli ri'spect to cadmium sub- 
chloride an* apjilicablo here. M. Herschkowitscb found that the soln. of cadmium 
in an excess of bromide gave a larger heat of soln, than corr<‘S[)onded with 
J. Thomsen’s data ; and M. Wildermann showed that a mol of cadmium bromide, 
in soln., utiib's with nearly a mol of bromine, furnishing cadmium tetrabromido, 
Cdnr4 ; and then' is evidence of the formation of the still higher ])oly bromide, 
Odlkfl. M. Bertholot prepared a crystalline cadmium h^robromide, 
OdBro.'JlIBr, TilaG, analogous to the eorrespoiulmg chlorine (‘ompound. E. Cornee. 
and G. Urbain also fouml evidence of the existence of ('dBr2.2HBr.nH2O on their 
f.]>. eurves of soln. of the mixed components. M. Adams found that cadmiiun 
bromide unites with hydroxylamine, to form a white crystalline jirocipitate of 
cadmium hydroxylamino-bromidc, (MBr2(NH20H)2, when an alcoholic soln. of 
cadmium bromide is treated with free liydroxylamine. The salt is readily .soluble 
in hot wab*r, and the soln. (piiekly dc'posits a basie salt ; it is readily soluble in dil. 
acids ; ami insoluble in alcohol and ether. H. Franzen and 0 . von Mayer jirejiared 
compounds of zinc and cadmium bromides with hydrazine, namely, zinc hydrazine- 
bromide, ZnBr2.2N2H4, and cadmium hydrazinebpomide, CdBr2.2N2H4. 

According to G. Gorc.i^ and F. C. Franklin and C. A. Kraus, zinc bromide is very 
slightly soluble and cadmium bromide is imsoluble in liquid ammonia. C. F. Karn- 
nu'lsberg made octalu'dral crystals of zinc diammino-bromide, ZnBr2.2NH3, by 
Batiirabing a cone. ai]. soln. of zinc bromide with ammonia, and concentrating by 
evaporation. The crystals melt when heated and lose their ammonia ; they are 
decomposed by water into zinc oxide and a soln. of ammonium bromide free from 
zinc. G. Andr6 says the crystals have one mol of water of crystallization. 
F, Ephraim also prepared this salt. G. Andre claims to have prepared 
3ZuBr2.()NH8.H20 by cooling a soln. of zinc hydroxide in a boiling 33 per cent. soln. 
of ammonium bromide. Crystals can l)e obtained by heating the jiroduct with 
wahir in a sealed tube at 200^. He also claims to have made 3ZnBr2.8^}NHj.2H20 by 
evaporating a soln. of zinc bromide in cold ammonia ; and also 3ZnBr2.lONH3.H2O 
by concentrating the soln. obtained by leading ammonia gas through a soln. of zinc 
bromide until the precipitate first formed re-dissolves. There is nothing to show 
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which of these products are coinjwunds and which niixtiirea— all art* decoin 
by water. 

C. F. IlaiiiiiieUberg made 0>dmimn duunmino^lttomide, 0dBro.2NJl,v,. by a 
process analogous to that employed for the zinc salt, H. Croft alsti maiie octahedral 
crystals of this salt by cooling an ainmonijw al soln. of zinc bromide ; and by adding 
ammonia to an acetone soln. of zinc bromide ; H. (Jn>ssmaiin made it by boiling a 
supersat. soln. of cadmium hydroxide in a cone soln. of ammonium bromide ; and 
E. Tassillv found this salt i.s pn‘s«'nt in the mother li<juid remaining after the prt'^ 
paratiou of zme oxybromidc by liis }»rocess. E. Tassillv says the heat of formation 
is (’dBr._. f 2XH3 -ij‘2 Cals. K. Ta.ssilly also maile crystals of cadmium triammino- 
bromide, (‘dBr^^NHs, by passing a 8tn*am of ammonia gas into an ammoniacal 
soln of cadmium bromide ; and C. F. Kammclsbcru obtained a voluminous white 
powder of nadmimn tetrammino-bromide, ('dBr^ 4MI3, by exposing dry eadmiiim 
bromide to ammonia gas. II. Croft says that under these conditions 1 to (5 niols of 
amni(»ma are taken uji by one mol of eadminm bromide. The siiit loses its ammonia 
when heat4‘d, and decompos^'s in water. F. Ephraim bmnd (ln> deeonipositioii temp, 
of zinc tetrammino-bromide to !><* 1 i:v^ and of zino hexammino*bromide, 02''. 
He also i>n‘|)are<l cadmium h6xammino-bromide,[Cd(NHdolBr2 Zinc pentammino- 
bromide wa.s madi* by (i. .Andre by leading ammonia into a .soln. of zme bromide in 
well-cooli'd jKjUii ammonia and warming the mi.xtun* until tin* jirecipitate re* 
dissedved. Wlien re-cooled, erystals of tins salt wrre obtained wliieli decomposed 
111 air giving olT ammonia gas. This was ]M)ssd>Iy the im’oiiijih't^'ly iinmioniated 
Le.vaiiinima-salt. 

K. Ephraim pr(‘])and a hvdratcd ammonium zinc tribromide* Nll^Br.ZnBrjj. 
il^O, by evaporating a H<iln. of the two components in the mol, proportion 1 : 1, until 
iTy.stallization begin.s. On eooling small glistening ]»lat<‘s sejiaraie. When dried 
on a porous til<‘, and kept 12 iirs. over calcium chlornle, analyses correHjKHul 
approximately with Nlljir ZiiHr.j but then* is a doubt if the (-rystals W'i*re 

adi*(|Uiit< lv dried. C K BaminelsIsTg niad<‘ deli<pi«‘.se«*nt crystals of 2NIl4Br ZnBr.^, 
or 2Nif|Br ZnBr^ b bv eva]»oratmg a s«»ln of the <ompon4*nt salts over siiljihurie 
and. .Veiording to C 11. 1) Bbdi'ker. the sp. gr. is 2 t)2r>. II. C. .loiies and 
N Knight, and K. K|i)irann n‘p(»rt the birimitnm of nionoelinie (Tvstals of 
dNHtBr.ZiiBr.^ If.^f) bv evafM)rating a soln. of ziim- bromide with (‘<jui-molar 
]>ro|»ortions of aMiinoiimiii bromi<l<*. H. L. .Maxw^dl studieii the dissociation of the 
salt in a<) .soln. bv the diffusion })r(H-e‘<.s. 

.). M. Eder 1® obtained crystals of ammonium cadmium tribromide* 
NIIjBr.(.'dBr2. '^oln of the eoiiijionent salts ; and E. Tassillv, and 11. (Jross- 

iiiann by the action of (admium oxide on aniinonium bromide. K Himbai li says 
the ervstals an* anhvdroiis : and J. M Eder, that they are not di‘coni])osed by 
watiT between t) and lit) ; and that one ]>art of the salt dissolves in 0 7.'i fuirt of 
water at lb ; in 0 ,'i parts of alcohol of sp. gr. O 7bl ; in 2Ht) jmrts of etluT. sji, gr. 
0 72'.); and in 21 jiarts of ethereal alcohol. E. Kimbach and A. Crewe gave the 
Bolubility at U as r>.T82 per e<‘nt. ; at 14‘8 ', 5801 jior cent ; at r>2‘2 ', 07) 32 yier 
cent. ; ami at 1 10 V\ 7b’83 j)er cent., or, tin* solubility 6' at 0 ls*tween 1' and llO" 
is *S -.">4'47-fO’ll)70. K. von Hauer obtaim*d crystals of CdBr2.4XH4Br, from the 
mother Inpiid remaining after the separation of NH4Br.ZnBr2 ; E. Tassilly, and 
H. Crossrnann by boiling cadmium hydroxide or carbonab* with a soln. of ammonium 
bromide ; and E. Kimbach, by crystallization from a soln. containing 0 87) per 
cent. NH4, 14'94 Cd, and 7)1 48 of bromine. E. Kimbach says that the crystals are 
trigonal and feebly double refracting with the axial ratio a :c~l ;O 02r)9. J .M, Eder 
says that one part of the salt dissolves in jiarts of wat^*r at l.j', and tliat the 
salt is decomposed by alcohol and ether. According U) E. Kimbach, however, the 
salt is decomposed by cold water, but not if the temp, lx; IGO", under which condition 
the salt may be cn^stallized, 

F. Ephraim ^ obtained hygroscopic crystals of sodium zinc tribrouiid6» 
NaBr.ZnBr^.H^O, and of 2NaBr.ZnBr2.5H2O, by the cone, of a soln. with the mol. 
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proportions in tbr former case of NaBr ; ZnBr— 3 : 4, and the latter case 2 :1, 
When heated they are <leco!npoHed. H. Croft, and J. M. Eder reported the forina- 
tion of the cnmjilex Halts, and J. M. Eder says one part of the salt dissolves in 
J’(f4 parts of water at ; in 3’7 parts of alcohol of specific gravity 0'794 ; and i;i 
190 parts of ether of sp. gr. 0 729. H. C. Jones and N. Knight say 2NaBr2.3CdBr2. 

BHgO exists in cone, soln., and is decomfHym'd by dilution; they determined the 
electrical conductivity of the soln., hut they could not make J. M. Eder'e salt, 
iSaBr.CdCIf. F. Ephraim prepared potasaum me tribromide, KBr.ZnBr 2 . 2 HfO 
and 2 KBr.ZnBr 2 . 2 H 2 O, from soln. with the mol. proportions KBr;ZnBr 2 — I :1 
in the former ease, and 2 : 1 in the latt<‘r. The crystals of the former are hygro- 
scopic, the latt^'r not so. E. Cornec and G. Urhain measured the lowering of the 
f.p. of mixed soln. of alkali and cadmium bromides and obtained results in harmony 
with the composition of the known double salts, CdBr. 2 . 2 MBr, where M represents 
NH 4 , K, Na, or II. H. L. Maxwidl studied the dissociation of SOdiam cailniintn 
bromide in aq. soln. by the diffusion ])rocess. K. von Hauer made crystals of 
po t ai ti om oadJOliam tribromide, KBr.CdBr 2 .H 2 O, by evaporating a soln. of equi- 
molecular pro[)ortion 8 of the component salts ; the mother liquid gave crystals of 
4 KBf.CdBr 2 . The former crystals are rhombic, the latter are isomorjihous with 
the rhombohedral crystals of the chlorine compound. The axial ratios of the 
former are a:b: c=0‘4.'>92 : 1 : ? ; the crystals are stable in air, and, according 
to H. Croft, very soluble in water ; according to J. M. txler, one part of the 
salt at 15° dissolves in ()'79 ])art of watt‘r; according to E. Rirnbach, water at 
0‘4°, 15‘8°, 50°, and U2'5° dissolves respectively .53 75, .58't)8, f)8-25, and 7811 per 
cent, of the salt, or the solubility N at 0° between () 4° and 112 r)° is /S~55’108 
-f 0 ’ 2 l 8 ^.KBr.NH 4 Br.H 2 O. It is not decomposed by water between 0’4° and 
112'5°, but is decompos<>d by alcohol or ether. H. C. Jones and N. Knight, and 
C. Immerwahr have measured the electrical conductivity of soln. of KBr.CdBr 2 .H 2 O. 
According to J. M. Eder, the salt 4 KBr.CdBr 2 is very deliquescent, and dissolves 
in 1‘4 ])arts of water at 15°, but, ac(‘ording to E. Riinbach, it is decom]) 08 ed by 
water into potassium and cadmium bromides. The eff(‘ct of the presence'- of hydro- 
chloric} acid, lithium jiotassium, and calcium chlorides is to hinder the dec omposition 
of the salt by water at 10°. R. G. van Name and W. G. Brown obtained evidence 
of the formation of potassium cadmium tetrabromide, 2 KBr.CdBr 2 , in their study 
of the equilibrium of soln. of the c'omponeut salts. E. Rirnbach prepared rubidium 
cadmium tri- and hexa-bromides, RbBr.(MBr 2 and 4 RbBr.CdBr 2 , by evaporating 
a soln, of the conqionent salts. The solubility S of the former .salt at between 
0 ° and 107 ° IS N -35’34 f ()'393d, and of th«‘ latter between 0° and 115°, 5~5G88 
-f 0*2037^. H. L. Wells and G. E. Camjibc'll prepared the cmsium zinc penta- and 
tetfirbromidea, 3 CsBr.ZnBr 2 and 2 C 8 Br.ZnBr 2 , by a process analogous with that 
employed for the corn^sponding chlorides ; and H. L. Wells and P. T. Walden 
prepared cmaium cadmium penta-, tetra-, and tri-bromides, dCsBr.CMBrs; 
2 C 8 l 5 r.CdBr 2 ; and (' 8 Br.(JdBr 2 . The two latter are analogous with the correspond- 
ing chlorides, but the chloride eq. to 3 C 8 Br.CdBr 2 has not been made. () 83 CdBr 5 
is obtoinecl in rectangular platos from 120 c.c. of a soln. with 80 grms. caesium 
bromide and 4T) grins, of cadmium bromide ; and C 82 (MBr 4 , in slender needles from 
120 c.c. of a soln. containing 52 grins, of csesium bromide and 3 grms. of cadmium 
bromide. Both salts on recrysctalliiation from water furnish CsCdBrg, which is also 
forme»d from soln. of the com|)onent salts mixed in widely varying projiortions. The 
compound C 8 Br.CdBr .2 is dimorphous — cubic when the csesium bromide is in excess, 
and in prisms when the cadmium bromide is in excess. 

G. nermann found mixtures of cadmium and cuprous bromides form solid soln. 
up to 66 per cent. CdBr 2 , at which there is a eutectic at 420°. Cuprous bromide 
undergoes a transformation at 394°, and cuprous cadmium bribromide, CuBr.OdBrg, 
is formed in the solid state. K. von Hauer reported the formation of large colour- 
less crystals of barium cadmium tetrabron^e, BaBrs.CdBrj.H^O, isomorphons 
with the corresponding chloride, by the spontaneous evaporation of soln. of equal 
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moL proporiioiu ol the two salts. The existence of the double salt in o«)m\ solu. 
was confirmed by U. C. Jones and N. Knight, who give the formula BaBrj.OdBrg.lHjO 
for the crystals obtained when the cadmium bromide is in excess. H. 0. Jones and 
N. Knight measured the conductivity. The crystals art' double refracting, and, 
according to A. Murmann and L. Rotter, isomorphous with the corresponding 
chloride. The sp. gr. is 3 665, according to F. W. Clarke, and 3 687, according to 
H. Topsoc. 
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§ 14. Zinc and Cadmium Iodides 

Accorcliug to 0. Mentzol,^ iodine occurs in the cadiii]fcn)U8 zinc ores of Silesia, 
and hence it lias been inferred, without proof, that zinc iodide occurs in nature. 
According to J. L. Gay laiHaac, iodine unites readily with zinc with the development 
of a small proportion of heat, forming a readily fusible mass which when heated 
sublimes, forming four-sided needle-like crystals. The aq. soln. of zinc iodide was 
made by J. B. Berthemot by bringing together zinc, iodine, and water until the 
sola, is decolorized. F. Bodrou.\ illustrated the reaction as a lecture experiment 
by dropping water on a mi.xture of zinc dust and iodine. The reaction is quite 
violent. Ziiie iodide is also made by dissolving zinc or zinc oxide in hvdriodic 
acid. The evaporation of the aq. soln. over 0*^ furnishes octahedral cr}’8tal8 of the 
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anhydroO 0 salt. A. Stromeyer made cadtuiutn iodide either by the action of 
iodine on heated cadmium, or the mutual aition of iodine, cadmmui, and ^^utcr ; 
F. W. Clarke and E. A. Kebler heated eq. quantities of iodine and cadmium in a 
sealed tube exhausUnl of air ; and A. Vogel niaile it by evajmrating to dryness a 
soln. of 20 parts of |>otassium iodide, and lo parts of cadmium 8ulphatt\ The mass 
was extracted with absolute alcohol, and the alcoholic soln. of cadmium iodide was 
allowed to crj'stallize. C. D. Ragland also mode this mdt by dissolving cadmium 
or cadmium oxide in hydriodic acid. 

According to <!• H. Berthemot,* and C. F. Ranimelsberg, anhydrous riuc iodi<le, 
forms octahedral crystals bedonging to the cubic system ; measun'ments of the 
crystals of cadmium iodide by J. (trailich, and A. E. Nordeiiskjbld show that they 
Indong to the hexagonal system and have the axial ratio «:c- 1 : U Sbity ; but 
K. M. Bojwrth’s X-radiograms correspond with a trigonal not hexagonal structure. 
The shortest distance between the centre's of the iodine and cadmium atoms is 
dtlU A.; and between the iodine atoms, 4‘21 A. A. (*. Duboiii prejiari'd mixed 
crystals of mercuric iodide with cadmium and xiiu; iodides, without determimiig 
their form. A. des (Moizeaux also showed the crystals have a strong negative 
double refraction. According to J. W. H<*tgers, eudmiiim iodide is cloiu'ly 
related (Tystallograjihieally with lead iodide. K. (V)hen and A. L. T. Mdsveld 
examined the crystallization of supersat. a(j. soln. of cadmium iodide and found 
that the veloi ity may bt* slow owing to the pn'sence of a third substance - 
]K)Ssibly cadmium hydroxide, a product of livilrolvsis. W. Ackroyd drew uttentjoii 
to the change in colour of the warm iodides with increasing mol. wt. in passing 
along the series ; Magnesium iodide (white), zinc iodide (white), cadmium iodide 
(whit**), and mercuric iodide (red). If. C. Jones ami C. U. (.'arroll say that when 
heated for a long time on an air-bath, cadmium lodiiie acquires a n‘d colour, 
which on introducing a trace of water becomes reddish-white. W. llampe also 
Htati'S that molten cadmium iodide is dark hrown ; the colour becomes jialer on 
s<didilieutiori, and on eooling becomes whiU*. \V. llampe says m«‘lt<'d zinc mdide 
hs yellow. 

Tlie specific gravity of anhydrous zinc iodide, m cording to (’. U, D. Bodeker,^ 
IS 4 G1M) at lo' and i bOO at 14 2': F. W. ('lark<* and K. A. Kebler gave 4 0tl(). 
The sp. gr. of the so-called a- variety of cadmium iodide by F. W. Ciark<‘ vary from 
torc72y (10' j' to 20 ); H. B. Fullerton gives r>y8r»7 (12 ) and 5 0738 (13’5‘'), 
and for the )3-varicty l oOfi to 4 08H. C. if. J). Bddeker gives 4 50C (lO'J ; 
F. W. Clarke and E. .\. Kebler, 5 ()11 ; ami J. F. Snell, ,5 (314. If cadmium iodide 
be crystallized from its soln. in hydriodic acid the product has a low'er sp. gr. than 
normal cadmium iodide. The marked ditlerence in the sj). gr. has led F. W. Clarke 
to the a.ssumption that there arc tw'o allotrojiic forms called reHjiectivcly a- and 
jS-varieties. The normal or a-salt with the higher sp. gr. is wliit<*, and is um haiiged 
by heating it to 2.50'' ; the less stable )3-salt with the lower sj). gr. is brownish, loses 
weight at lO', and on losing weight acquire-s a higher sp. gr. The conditions of 
preparation of the less stable salt are not clear. F. W. Clarke made it by the action 
of hydriodic acid on cadmium and on cadmium carbonate ; but F. W. Short believed 
that the so-called )3-form is an impure variety of the a-forni in that the a-form 
with air bubbles gives the )3-variety, and J. F. Snell said that the low sp. gr. form 
btdiaves like a mixture of cadmium iodide, hydrogen iiMlidc, and water. E. Cohen 
and A. L. T. Mdsveld confirm the existence of a- and j3-CdJ2, and say that wlietluif 
prepared by crj'stallization from soln. or by the condensation of its va)>our, ordinary 
cadiniuin iodide is a mixture of these two forms, and therefore the jiroperties 
usually ascribed to cadmium iodide are really the pro]>crtiea of a mixture. 

E. Cohen and co-workers represent the fpeci&! voloine* v, of soln. containing 
c grma. of Cdl 2 per gram of soln. by v— r(X(43i>— (J'82(JU24c-f0 0l6857c*. W. Bill* 
gave 64‘88 for the mol. vol. of cadmium iodide. According to 8. Motylowsky, the 
drop weights IF of molten zinc and cadmium iodides at their m.p, are respeti vely 
46 and 58, when the fOllaoe tension (r is <r=0*()76fF. C. A. Valson gives 50’6, 58 0, 
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55% . , , muf 50% &B the relative capillary heights A in a j mm. take oi soln. of 
cadmium iodide containing respectively 0, 5, 10, . . . and 26 grmfl, of 0 dl 2 per 
100 c.c. of water at IS"* ; similarly, be obtained A=58 0, 55’8, . . . and 60’6 for soln. 
with 6, 10, . . . and 26 grms, of cadmium iodide in 100 grms. of water. A soln. 
with a grm, eq. of cadmium iodide has A— 52'3, and the sp. gr. of the soln. is 1142, 
at 16°, hence, Dh, the surface tension, is 60‘7, a greater value than for water 
alone. 

The melting point of zinc iodide is 446° ± T, according to T. Carnelley ; * 446°, 
according to W. Hampe ; and 460°, according to L. (Iraetz. For cadmium iodide, 
0. Rul! and W. Plato give 360° ; H. Brand, 385° ; (1. Hermann, 392*4° ; and 
W. Hampe, and L. Graetz, 404°. According to R. Nacken, the f.p. in the coolii^ 
curve appears at 386°, and he could detect no signs of allotropic modifications in 
the heating or cooling curves. 0. Ruff and W. Plato obtained a rounded curve 
with mixtures of cadmium fluoride and iodide with cadmium iodide. Fig. 43. The 
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latter has a minimum at about 348° and 90 molar per cent, of the iodide, li. Nacken 
also found the f.p. of cadmium bromide (667°) with increasing proportions of 
cadmium iodide falls steadily to the valu(‘ for cadmium iodide, Fig. 42 ; mixtun?8 
with cadmium chloride give the typical' V-eutectic at 360° with 70 molar per cent, 
of cadmium iodide, Fig. 42. 

According to the vap. density determinations of A. Scott,® cadmium iodide is 
partially dissociat'd. According to B. Beckmann, the molecular weight of zinc 
iodide in boiling <{uinoline is 320 the calculated value for Znl 2 is 31 91 ; and for 
cadmium iodide, 363- -the calculated value for Cdig is 364 72. Hence the mol. wts. 
are here nearly normal. For cadmium iodide in boiling water, S. M. Johnston, 
E. Beckmann, and W. Landsberger find a mol. wt. 333 to 366 ; E. Bi'i kmann found 
in alcohol 313 to 361 ; H. 0. Jones found in acetone 448 6 to 610*7 ; S. Schroder and 
H. Steiner found in methyl acetate 176'8 to 183*3 ; and A. Werner found in 
piiwridine, 366'21 ; in pyridine, 348*34 ; in methyl sulphide, 366 ; and in ethyl 
sulphide, 369. G. Tammann found the lowering of the vap. press, of aq. soln. 
corresponded with an abnormal mol. wt. 

According to H. Fizeau,* the coefl. of linear expanaion of crystals of cadmium 
iodide is 0*f)0002916l at 40° ; and the coeff. of expansion of the molten salt is 
positive and relatively large. P. Kremers has measurt'd the volume expansion of 
soln. of zinc iodide at different temp. — ^vol. at 19*6° unity. With 18*8 mols of 
Znijj in 100 parts of waU'r, the volume at 0° is 0*99403 ; at 40°, 1*00877 ; at 60°, 
1*01960 ; at 80°, 1*03249 ; and at 100°, 1*04751 ; similarly with soln. with 198*4 
mols of Znij, 0*98736 at 0° ; 1*01392 at 40° ; 1*02815 at 40° ; 1*02815 at 60° ; 
1*04269 at 80° ; and 1*05756 at 100°. For cadmium iodide with 22*6 mols. 
per 100 grms. of water, 1*00863 at 40° ; 1*01935 at 60° ; 1*03218 at 80° ; 1*04667 
at 100° ; and with 46*4 mols of Cdlj, 1*01027 at 40° ; 1*02198 at 60° ; 1*03523 at 
80° ; and 1*04996 at 100°. In both cases the coeff, of expansion increases with 
increasing cono. 

C. Helmreich gives the Spedflc heat of cadmium iodide as 0*05264 between 0° 
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and 30® ; 0‘0f»274 between 0® and 30® ; and 0-0527 7 betww^n 0® and 70^ W. Tinwfe- 
jeff said that the sp. ht. of eono. aq. noln. of eadiuiuii) iodide is hut one-third the 
value for ah oholic selu. ; for dil. soln., the sp. ht. is nearly the same as the solid ; 
C. Helmreich found for Ib'lG, 29-09, and 45 70 jkt eeiit, soln. the n‘sjK*ctive sp. ht. 
0-87235, 0 72725, and 0*57953 between 0' and 30 ; and 0'8^ht52, 0-70i>32, and 
0*56938 between 0® and 70®. 

J. Thoimwirs 7 value for the heat Of fonnation of /.me iodide from its eleinenta 
(Zn, l2)=49 23 Cals., and for cadmium iodide (Cd. L). 48 83 Cals. T. J. Webb 
obtaiued 49 9 Cals, for the heat of fonnation of zinc iodide ; and H 8. Taylor 
and (4. 8. J, IVrrott gave 48-5 Cals, for tht* heat of formation of (-udmium iodide 
from its eleinenta. Accorduig to K. de Fonrand, tlie heat of formation of zinc 
iodide in atj. soln. is Gl-23 Cals. J. Thomsen also gives for the boat of solution of a 
mol of zinc iodide in 4Ul) mols of water at 18'. 11-31 Cals., and likewise for ejulmium 
ioilide, --U-9(> Cal. 

The stdubility of zinc iiuJide in water has been determined by E. liiiharsky * 
F. Mylius an«l H. Dietz, and fttanl : 

■ O'" is' 4<r fit) scr KM) 

iVr ri-nt, ZjiI, 80 77 81 11 81-20 81 00 82 37 83 05 83 02 

Solid phuse . /.nI,.2M,(l Znig 

lh‘low I , tetrahydrati'd zine iuilide, Zul^tlLO. is the stable form in a«). soln,, 
and the transition point is 7 when (lihy«lrat<'d zinc loilide, ZnL.2H^D, appears, 
arul it IS transformed into the anhydrous salt at 0 . Tin* st)liil)ility curve of 
ZnI.^..2Hj.O lias been extended by ii. Djetz into the nictastabh- rt'gion 1(1®, 82 (Ml ; 
22 , 83' 12 ; and 27', 89-52 [)cr cent. A. fitard gives th<* solubility at 14tl' as 
83 6 per cent. J B Berthemot prepai\‘d dihydraM Zinc iodid^ Zn 1^.21120, in 
1828 ; and U. Dndz found that this salt s»‘paratcs in jinsinatic dclnpiescent crystals 
when a 83 .) p«*r cent. soln. of neutral zinc iixlidi* is c(K)led to 8' ; ut 27" the 
crystals partially fuse and become anhydrous .Aoonling to E. Bubarsky, tetrU' 
hydrat6d zinc iodide, Znl.> lll.A), crystallizes from a Hat. soln. when a crystal of 
ZnCl., 311.0 is added ; It nicit.s at 7® with the formation of the diliydrat^'d salt. 
It IS not dciinitcly settled wheth(*r the alleged tetruhydrated salt is not a 
trihydruted salt. 

1 he solubility of cadniiuni iodide in waU*r has been nieasured by P. Kreiners,® 
A. .Stromeyer, J. M. Eder, A. l^tard, and K. Dietz : 

, - 7 .*>' O' Ih to iO' 7.V 100' 

Bor cent. (MI, . . 43 6 44 4 46-0 48 4 4U 36 62-66 66-08 

Ice is the solid pliaw below the eutectic Uuiij). —7 5‘, and at --3 1 the solubility 
curve has .‘13-3 per cent (ViL, and at - 2 2', 26 5 per cent. A. fitard gives the 
solubilities 63-1, 70 7, and 81-5 jier (••‘iit. (Ail^ r<*spectively at 140", 185", and 255". 

E. Cohen and co-workers represent'd the solubility cS m grins, of cadmium iodide, 

in 100 grins, of soln. by ^’--46 793+(yI0(>3(^-~3(l)-f (KXM)3256(^---:i())* ; the 
temperature coejirient, l003 ±0(J0l grin, per KJO grnis. of soln. jier 

degree; and the prensure oyefficicni, '()IK>39()±0-0(J02 jier cent, per atm. 

at JJO®, No definite hydrat'd salts have laM'n demonstrated. 

The specific gravities of aq. soln. of zinc iodide by F. Krem<*rs are for soln. 
with w grins, per ItKJ grins, of watT at 19-5“ ; 

tcgrras.Znl, . 21*6 46-4 864) 126 3 177 0 232 0 

Sp.gr. . 1 1716 1 3486 1 6780 1 7815 1 0906 2 1853 

P. Kremers, C. A. Vaison, 0. Grotrian, F. J. Wershovcn, and many others have 
detTinined the sp. gr. of soln. of cadmium iodide. From O. (irritrian s and 

F. J. Wershoven’s values at 18® : 

Per cent, t'di, . 0 0429 0 399 14)17 4 87 104)3 19 64 29 60 44 18 

Bp.gr. . . 0 99908 14)021 14)073 14)413 1 4)886 1 1800 1 3171 1*6673 

VOL. IV. 2 I* 
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A. J. Ralmowitsrh meshured tba sp. gr. and viscosity of floln. of zinc and cadmium 
iodides. 

’ The lowering of the vapour pressures of aq. min. of cadmium iodide have 
been measured by J. Moser, and (I Tammann ; the latter found for soJn. with 
29'35, and ll.T22grnis. of CdL in lOUgrnw. of water the respective lowerings 
12’4, 2(j'4, and :Y)‘9 nitn. J. Mosor found a niiniimim in the ndative lowering of 
the vap. preHH. E. Beckmann, F, Jiittner, W. I^ndHhergfT have investigated the 
railinUT Ol the boiling points of U(J. soln. of cadmium iodide. The value of J. H. van’t 
HofT’s boiling couHtant variea from I M) to 105 as tlie cone, of the soln. rises 
from 0 11‘J to 0 051 mol of cadmium iodide per litre. F. Rudorff, S, Arrhenius, 
H. C. Joiu'H, V. J. Chambers and C. W. Frazer, and J. W. McBain have investigated 
the lowering o! the freezing points of a<j. soln. of cadmium iodide. The value of 
J. H. van’t lloll s freezing constant i falls from 2 40 to l‘2l when the cone, rist^s 
from 0 (X)1(15 to 0 1(K)1 mol of cadmium iodide per litre 

A. d^'S (Toizeaux found the crystals of cadmium iodide, have a strongly 
negative double refraction. J. A. Wilkinson says the Huorescence of cadmium 
iodide is white, the pliosphoreseence is feeble, and the thermoluminescence 
strong. P. Kremers found the refractive indices of soln. of zinc iodide of sji. gr. 
P4Ud3, i r>5tj,‘i, and 2(»28b at ill 5 ' to be respectively 1 iDll), P45()8, and l‘r)()90 
at 15". Similarly, for soln. of emlrnium iodide of sp. gr. i L'lldl and 1’5983 at 1!) 5*^, 
the refractivi' iridiees are 1-3792 and 1‘42'.13 at lb . (’ Bender, H. .lahn, U. de 
Miiynck, F. H. (jelman and B Wilson, and M. le Blane and 1\ Roliland have 
also measured the refraetive indices of soln. of c'admimii iodid(>. According to 
11. Jabn, at 2(1 , soln. of sp. gr. l'15ll ami 1’518I have respectively p,,— -1‘355G 
and 1AU2; /4/>--l •3580 and l UTb; and and 1'41(13. P. Barbier 

and L. Roux have measured the dispersion <*f soln. of cadmium iodide ; and H. Jahn 
found the speeilie electromagnetic rotfttion of the plum' of ]»olariza(ion witli soln. 
of sp. gr. I'irill to 15181 (20 ) to 1 m* nearly 2 ()133, ami .1. Korehhi'imer also found 
the mol. magiu'tie rotation to be independent of the cone, or degree of ionization 
of the soln. C. Slieard and ('. S. Morris measured the emission spectmm of zme 
iiMlide and found bands between oGlO and 5535 ; 51115 ami 511G ; and between 
4829 and 4780. Tlu'v found some emission spt'ctral bands with cadmium iodide, 
but rapid vaporization jirevented accurate measurementg E. J. l']vans studied 
the absorption spectrum of cadmium iodide vapour. 

F. Braun says that solid anh\drous zme iodide does not conduct electricity 
electrolytically ; M. Faraday ami W. Ham])e liavi' shown that the molten iodide is 
a good eondm tor ; W. Uanipe makes a similar remark aliout cadmium iodide. 

L. (Iraetz found tin* electrical conductivity, A'xio*', in Siemens’ units (mercury 
unity) is : 
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and likewise for cadmium iodide 








440" 

420* 

410“ 

404* 

400" 

»S0" 

320" 

270' 

AxlU". 

. 3470 

2780 

2600 

2490 

2440 

2176 

760 

2-6 


There is a break in the resulting curve in passing from the solid to the liquid state. 
According to G. C. Schmidt and W. Hochler, the vap. of zinc iodide is an electrical 
conductor, aud A. E. (.larrett and R. S, Willows have shown that when the iodide 
is heated, it ionizes the surrounding gas. 

G, Jiiger gives for the eip conductivity of soln. with 0025, U0125, 0(X>C25, 
and 0 003125 grani-m|. of ziuc iodide per litre at 22', 103 08, 105' 12, 110-56, and 
115*52, respectively ; and S. M. Johnston, for the cq. conductivity of soln. with 
0*312, 1, 10, 1000 mols of cadmium iodide js'r litre, 269, 406, 984, and 3317 respec- 
tively. H. C. Jones and co-workers found the mol. conduetivity, p, and the per- 
centage degree of ionization, a, of soln, with a mol of cadmium iodide in v litres, 
to bo 
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4 8 32 128 512 2iV»4 

20-45 24 31 39 45 62 73 87iH> 109 01 

74 06 94 61 161 3 254 8 345 5 414 6 

17-2 20 6 33 2 52 S 73 3 91 7 

16 5 -2 8 3S‘;» 614 83-3 H>0 0 

A. J. lUbiiuiwitsch nn'usurtHl tin* «noauiloU'i umization t.t\ th«‘ tlitcrcaw iti ilu* 
comliu tivity with dilution -of of y.iiu- aiul < adimum iodid<‘3. Ai rordmg 
to J. W. Mi Baiu, nuliniiuii iodide is ulmoNt roni|ilet<?ly uoiverted into a eoiiiplox 
salt lu none. M>ln , and toiLse«juently, the eahulations of a are uiuertain heiause of 
the formation of complexes, il. C. Jones' obaervatioiLs ^lu)W tliat under .oiiular 
(ondition.s, ca<Imium iodide ionizes less rapidly than tin* i)romid«‘. and the latUT, 
in turn, le^s rt'adily than the ihloride. The transport [numbers fur the anions 
with zinc Kulide iiM i l)7()A O' 1H8A’-, aiidO 21t‘<.V-soln. an* respect ivelv (t (Jiej, (I 
and o rtT'.l ; and II. Jahii found that for sola, with a mol of zme umIuIc in 1 02 and 
.‘kHJ 1 litres, the traiusport number falls from I'OCfi to o .V)S. Krom tiu* ilata for the 
conductivities, lowcrinj' of the f.p., and the transport num Im is. j. W. M. Hain 
calculates that in a , '-A -sola of cadmium iodide, about 8o per cent, of non ioniZ('<i 
iodide is ])n‘.sent, and about half the amons are (’dl3'' and half (MI4". Data for tin- 
transport numbers of cadmium iodide have also been ^iven bv \V. llittorf. (» Ib'vni, 
It La hz, \V. Belli, V. Gonion, G. Carrara, li Jahii, etc. ; and bn zme iodide by 
VV. Hittorf. and G. Kummcll 

A B. Laurie has investigated the electrical potential of the lombinutH.ns 
Zn I Znl2iyiri, U j i’t at 20 and with 0 to OUIHIG iirm. of iodine j,.>r c e. of 
soln. of O'dd grm of Znl.j per gram of water the [»otential < hanges only from 1 287 
to L221 volts ; and with ti to .T87 grins of zme iodide per gram of a solution 
with Oil grill of iodine per <-.c. from 1 .Vjf to I 07.'> \(dt,s In (Ik- lombmatioii 
Zii I ZnL^dn., Ciil , ('ll, with o U) d l) grins of ZiiL p« r gram of water, (he potential 
falK tioiii (» 8!il to o lid volt. Similarly, for (he comhiuation Ctl j (Ml si.in 1> | I't. 
tlie jiotenlial fiill> from 1 OH7 to I'Odll volts, when the number of gr.-imsof iodine per 
I'.c of a one |>» r cent, soln of (udmium iodid(* changed from (MH):;2 to OiMKKld. 
T. .1 Webb found that the c.m.f. of the cell Ag | Ag , Znlw (>at. suJn.) | Zn 
(amalgam) to be 0 .■10^72 volt at 2d', and the tcm]». coelT. ar.HHKip}, \ Hagcii- 
baeh found for a ti-mp. ditference of 70 , the e.iu f of the (ombmations Cd | (Ml, 
and (ML [ (M with soln with a mol of tadmium iodide per ]i» and J(K),0()(i litres lell 
from 0(H)2.‘3 to U()d22 volt. K (Mheii and <o-workers represenb-d the e.m.f , /j’, 
of ( admiiim m cadmium sola tontammg c grm.s <»f the salt j>er 100 gnus, of soln' 
at ;io , by E ^oMr.:i:j8-i)(KK)'.»ioic -uootKjomir-. s. Meyer found th<- magnetic 
susceptibility of powd<Ted cadmium iodide to be -0 20x10'^ muss units at 18 . 

Zinc and cadmium loilides are among the few metal iodides soluble m 
According to J. .M Ld('r. at Id , one part of cadmium iodide is dissolved by 0 !18 
{lart of alcohol of s|». gr. 0 7'dl, or the solubility is .'Mid per cent. Aa-ording to 
VV. Timofejefl, at 20", 1(K) grins, of a sat. methyl alcohol soln. <ontaiu dU’O grins, of 
CdL ; of ethyl alcohol, 12 G grin.-^. ; and of propyl alcohol, 28 'J gnus. GdL. The 
sp. gr. of soln. of ciylmium iodide in alcohol have been determined bv G. Carrara 
ami .\l. G l/!vi, 11. Jahn, C. (Jattaneo, and by M le Blanc and B. lioliland. At 18", 
soln. w'lth 0 4290, OOIO8, and 0 0021 mol of ca«lmium iodide per litre have* sp. gr. 
0 8G:J, 0-79G, and 0-796 respectively. The molecular volume of cadmium iodide m 
alcohol soln. has also been investigated by G. Carrara and M. G. L< vi, It. l^enz 
hiis investigated the velocity of diffusion of cadmium iodide in a]( oholic sf>lu. ; 
and VV. Herz and M. Lewy, the partUum of cadmium iodide between water and 
amyl alcohol, and the results show- either that the salt is polymerized in the alcoholic 
soln. or comjilex ions an? foriiK-d. W. Timofejefi, and C. Hejrnreif li have measured 
the. spedfle heats of alcoholic soln, of cadmium iodide. 8. Arrhenius has measurod 
the lowering of the freezing point of alcoholic soln., and E. Beckmann, W. Lands- 
berger, H. 0. Jones the raising of the boiling point The mdioes of refract 
of soln. of cadmium iodide in alcohol have been measured by M. le Blanc 
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Bad P. RohJ&nd, and like wine by K J&hn, who bad abo measured the sp. dectro- 
mAgnetic lototion of the plane of polarized light. The electrical condiic^vities 

and temp, coeff. of hcjIii. of cadmium iodide in various alcohols have been measured 
by N. IZelinsky and S. Krajdwin, H. C. Jones and C. ¥. Lindsay, W. Hanipe, 
W. llittorf, C. (>attanco, R. Lenz, C. Norditiantj, etc. According to H. C, Jones 
and C. G. ('arroll, for soln. of a mol of cadmium iodide in v litres of 25 and 1(X) per 
cent, methyl and ethyl alcohol at O'", the mol. conductivities are : 


V 16 

26 i)or cent. CH,OH . 33 83 

1(K) i)«r cent. (JH,OH . 13-39 

25 per cent. . 26 97 

100 per cent. 2*29 


32 

64 

128 

256 

42-10 

66-02 

70-22 

87-31 

14-61 

14-83 

16-82 

20-01 

34 90 

44 21 

54-64 

69-71 

2-30 

2-32 

2-39 

2-66 


The transport numbers of the ions in alcoholic soln. have been measured by 
W. Hittorf ; and A. Cam])etti, and U. C. Jones lind that alcoholic soln. are positive 
tewards aq. soln. The marked t^mdency of cadmium iodide to polymerize or form 
comph‘.x ions, and its mark(‘d solubility in many non-aq. solvents, have attracted 
many investigators to a study of the behaviour of this salt in non-aq. solvents. 


W. Ilann^^s) found cadmium iodide is soluble in anhydrous tiher, and J. M, Kder says 
that the solubility in absolute ether is 21 7 jicr cent., and, according to C. E. Linobarger, 
ethyl etbor at 0^^, 16“, anil 20’3“ dissolves rospectivoly 0 03, 0 04, tuid 0 06 per cent, of 
cadmium iodide. Cattaneo says the sp. conductivity of a sobi. of 0 095 grra. of cadmium 
iodide in 100 grins, of ether referred to mercury at 0“ is 0-666 x 10"^*. W. Eidrnann says 
tine iodide is soluble in uce<on«, and, according to A. Naumann, the sp. gr. of a sat. soln., 
containing 20 per <!ciit. of cadmium iodide, is 0 004 (18°). P. butoit and E. Aston have 
measured the ooiidiu-tivity and 11. C. Jones the b.p. of acetone soln. of vudmutn lOiltdc. 
J. Schroder and 11. Steiner give the solubility of cadmium iodide in viethijl aevtafe as 0'70 
to 1*50 per cent., and 2*10 per cent, at the b.p. Cadmium iodide is slightly soluble in 
tthylarntne, accoriling to F. L. Shinn, and msoluulo in allyl mustard o\L C. E. Linebarger 
gives the solubility of cadmiiun iodide in iciueiw at 16° and 36° as 0-01 and 0 02 per cent, 
respectively. Cl. CotTetti has studied the conductivity of soln. of cadmium iodide in 
nitromei/iano ; P. Dutoit and E. Aston, in proptonxtnle, vusihyl dhyl ketone, and inethyl 
projiyl ketone ; 1*. Dutoit and L. Friderioh, in acetophenone and acetonitnk soln. ; L. Kalden- 
Derg, in acetonitrile soln. ; L. Kohlenberg and K. O. liuhoff, ainylamim soln. ; A. Werner 
and P. Fercliland measured the b.p, of soln. of cadmium iodide in methyl and ethyl 
iulphidee, piperidxne, and pyridine ; P. Walden and M. Centnerszwor found that cadmium 
iodide dissolves in liquid sulphur dioxide more readily m the presonoo of alkali iodides 
tiion in their absence ; M. t'^ntnorszwer noted that the some salt is insoluble in liquid 
cytiHoyt n ; P. Walden foimd that cadmium iodide is almost insoluble in arstnxc tribromtde, 
and Holuble in sulphur dUorxde, S|<Jlt, and in sulphuryl chloride, SO,Cl|. E. Beckmann 
found zinc and cadmium iodides to be soluble in quinoline, J. W. iGovor said that 100 
ports of glycerol at room temyi. dissolve 40 ports of zinc iodide. W. Hompe said that 
zinc iodide is insoluble in carbon disulphide. 


Zinc and cadmiuiu iodides are very deliquescent salts. According to C. F. Kam- 
rnelsberg,!® cono. aq. soln. of zinc iodide give a gelatinous precipitate of zinc 
hydroxide on dilution. Aq. soln. are hydrolytically dissociated. A number of 
basic zinc iodides, or zine o.xyiodide8, has been reported. W. Muller said that an 
oxyiodide is preiupitated on eooling the clear hot hltered liquid resulting from the 
prolonged digestion of zinc with iodine and water ; T. Rettie has also reported zinc 
oxyiodides of uncertain composition to be formed by adding potash-lye in the 
presence of iodine to a soln. of zinc acetate. £. Tassilly heated a soln. of 20 grms. 
of zinc iodide, 20 grms. of water, and 0*2 grm, of zinc oxide in a sealed tube for 
12 hrs. at iriO*", and obtained hexagon^ crystals of lino eoneaoxydiiodide, 
0ZnO.ZnIg.24H2O, which are stable in cold water, and lose no water at 120®, but 
are dccompostid at 180\ Fine needle-like crystals of zino pentoxydiiodide, 
r)Zn 0 ,Znl 2 . 1 lH 20 , were also obtained by adding dil. ammonia to a soln. of zinc 
' iodides ; the crystals are decomposed by water. The oxyiodides, said E. Tassilly, 
have a smaller heat of formation than the oxybromides, and the latter, in turn, 
amallor than the oxychlorides; and for r>Zn 0 .Ziil 2 .UH 20 he gave the heat of 
soln. as 11 5' 5 Cals. E. Tassilly precipitated basic cadmium io^de or 
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oufdiiodiiie, CVIO.OUg.HjO, or Cd(OH)I, hv twatiiij! a dil. hoIii. of caduuum umIuIo 
(I : 10) with dil. a<|ua ammonia -mnw CdL.'iNHj, rt'inaiiw in 8»>ln. Tim crystals 
act on jmlariml light ; are decompoHiHl hv water ; and have n heal of soln. of 
2 .V 81 Cals. K. Tasailly also made (MO.CdI«. 3 H.jO by heating a cone. soln. of 
cadmium uxlide and oxide at in a 8t‘aled tulx*. The crystals are doubly 
ndracting ; and aroi%Jot decompos'd in water, (i. (’arrara foumi a small (puintitv 
of a basic io<lide to be formed during the electrolysis of a soln of cadmium UMlide 
with a cadmium anode, and platinum catluHle. 

Acconlini; to J. A. Buchner, zm<‘ iodide dec'omposes on exposim' to moist air 
in the <‘old but not in dr\' air ; J. L (Jay Imssac. and M. Ih rt helot Iiave notcil that 
when heated in air the iinline can be displa<‘ed bv oxygen, and W. Hampe says 
that if air lx* not excluded when the salt is fus4*d some emu- oxide is formed. 
Ari'ording to I). J. P. Berrhlge, if /.me HMlide is (piite pun*, it is not ({('composed by 
light, but it i.s di'comjmsed if eelluhw* be pn'sent : similar n'lnarks apply to ( admium 
iodide. M. Ib'rtJielot found the iodi<l«‘S an* rediKvd bv hytinuft n at a red heat, 
riilike cadmium broini«b* and chloride, the uMlide is oxidized by vlroifrti in rundr 
at ordinary t4*mp. : (Ml.j { NO^ (’dO f NO f f <i<i ^ f f' !’'• Hammelsberg 
.says zinc iodide is decomposed by sulplmnr acul, forming sulphur dioxide, iodine, 
aiwl zinc HulphatA*. .Vceonling to (’. K. S<’hbnlH*in. sulphur (lutxulr immediately 
colours zinc loilide yellow’ and the colour disapp(*arH on warming, or on adding potas- 
sium hydroxide or ammonia .\cconimg tii Naumann and co-workers, soln, of 
ca<lmium iodide in ac«'ton«' giye a white pn‘eipitate of (MI._,2NHn with nmnionia ; 
a whitt' precipitati* of cadmium sulphide. (MS. with hydrogen sulphide with very 
eon<’. soln.. 2('dS.(jdI^». is first }>reci]>itated ; silver nitrate gives a white precipitate 
of silver iodi(h*, Agl ; with mereurie chloride, a mixture of cadmium ehlonde and 
mereiinc iodide; with enprie ehlonde, a white pn*eipitate of eadiniiim chloridi* 
and niprie iodide, some free iodine being simultaimously formed. An ethyl aertab* 
soln. of cadmium iodide gives with mercuric chloride a white pn*ei])itate of cadmium 
ehl(;ride. If, N. Morse and H. (’. Jones heated cadmium iodide with an »‘,xct*HH of 
cadmium in viw uo, or in an atm. of nitrogen and obtained a ]>roduet, (M,2b:;i, wliieli 
is pr(d>ablv not nulniiiiw sulmnlulr but a .solid soln of cadmium in cadmium iodide. 
A((’ording to S Baiip, an a(j soln of zme icxlich* takes up as much 'odme as it 
aln*adv contains, ancl the soln becomes brown. The soln. is suj»pos<‘d to (’ontaiu 
zinc polyiodide, Znl4, whuh, aeeonlmg to K. Bmum and K. OInan. is soluble in 
fenehoiie. C. K. Tinkler found that the addition of tie* iodide* of sodium, }K)tiissium, 
barium, magnesium, zim*, alummnim. hvdrogen. ammonium, or tetramotliyl- 
arninonium to 0 (K)LV-.soln. of iodine in watt‘r chang»*d tin* colour from reddish- 
brown to yellow', and the soln. gave identical absorption sjeei tra Hence it was 
inferred that all tlu'sc* soln probably contain the same ion. nz., l;j, H (i. van Name 
and W. tJ Brown also studied the formation of zme and cadmium ^lolyiodbles and 
polybromides. H cadminin polyiodide lie (MI4 the ionizatn*n is: Cdli— *(MI { l^'. 
C. K. Tinkler say.s the jiolyiodich* is probahlv f’db^. II. .M. Dawson found that 
caelmium iodide dot's not dissolve with iodine in nitrobenzene' soln. ('. W. Blorn- 
strand olitained inelieations of the formation of an annimmum jn-ruxliiiv, in 
vioh't plate's by the action of zinc iwiide and a soln. of lesline in ammonium iodide. 
By passing hydrogen iodide through a mixture of solid caelmium iodide and its 
sat. soln. at() \ a dark hrowm fuming lifjuid is obtained from which 1 >. Dobroserdoff 
separated colourless needle-likc crystals of cadmium hydroiodide, (-MI2 HI -iHjff), 
on e(M)ling to — The crystals are stable in the* niothe*r liepiid, or m an atm. 
of hydrogen iodide, but not in air. .M. Berthelot also obtaine'el crystals of ewUnium 
hydroiodide by cooling to - 23 '’ a sat. soln. of cadmium ioelide m hydrieKlic ae id. 
E. (Mrnec and (J. IJrbain found that the f.p. of mixe*d soln. of caelmium uxlide and 
hyelriixlic acid corr*‘spon<lcd with the* formation of fMl2.2HI.uH2O. The* compound 
zinc iodochloride, Zn(’l2 21(13. H2O. has bce*n indicated in connee tiem with zinc 
chloride. H. Franzen and O. von Maver pn'pared zinc hydnudne iodidZy 
ZT1I2.2N2H4, and cadminm hydrazine iodide, Cdl2 2N2H4 
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According to 0. Goro,^^ and E. C. Franklin and C. A. Kraus, zinc iodide is 
f[iO(I(*rately «olublo in liquid ammonia ; whil<‘, arcordin^i to G. Gore, cadmium 
iodide i« inaolubl^*, and, according to E. G. Franklin and C. A. Kraus, it is slightly 
soluble. Note the decreasing solubility of the zinc halides in liquid ammonia in 
passing from the io<lide to the bromide which is slightly soluble, and the chloride and 
fluoride which are insoluble. C, F. Rammelsberg and E, Tassilly found that zinc 
iodide absorbs dry ammonia with the development of heat ; and the mass swells 
up, forming a voluminous white powder, jirobably zinc hezammino-iodide, 
Znl2.0NH;{, which is decomposed by water with tin* separation of zinc hydroxide. 
Cadmium io<lide under similar conditions, said C. F. Kammelsberg, forms cadmium 
bezammino-iodide, (ML^.bNILj. Zme and cadmium* hexammino-iodides were 
studied by F. Ephraim. He gave (55" for the decomposition temp, of the zine salt. 
The spontaneous <-vaporation of a soln. of zinc iodide in aq. ammonia gives white 
bipyramidal rhombic, crystals of zinc tetrammino-iodide, Znb, 4NH3. with axial 
ratios, acconling to (’, K. Rammelsberg, a : b :-C“ n 71>21l : 1 :()'575‘l. F. E]»hraim 
found the zinc salt decomposed at IDSb . E. Tassilly gives the heat of soln. as 22 55 
Cals., but the crystals are deeom])osed like th(' hexammino-salt by water. J. Ma<-Crae 
and JI. M. Dawson obtained indications of the ]iossibIe formation of mditnum 
tdramminoiodulc. E. Tassilly rej)orted an ammino-iodide, dZnl.j oNH.j 11^0. as 
a result of the action of zinc oxide on a soln. of amiimnium loduh* ; this product 
may not be a chemical individual. F. Ephraim prepared zinc diammino-iodide, 
Zn(NfI;d2T2. E- Tassilly made octahedral crystals of cadmium diammino-iodide, 
Cdl2-2NH3, by coiding a hot soln, of l admium iodide m urpia ammonia, and as a 
by-product in the jireparation of cndmiiim oxyiodide c ) II (Irossmann also 
made tin' same coiiijunind by the action of <onc. aipia ammonia or ammonia gas 
on cadmium ioilide, and by the pr(donge<l boiling of cadmium hyilroxide with 
ammonium iodide. A Naiimann and W. Muller made it by the action of ammonia 
on an acetoiu' soln of cadmium iodide. A. Agrestini proj)OM(l to utilize the ready 
formation of thcsi* crystals as a reagent for the micro-detection of cadmium. The 
conqioiind is decomposed by water, E Tassillv gives the heat of soln as 1 F!l Cals, ; 
and the heat of formation, 21>‘<l Cals. It melts when heat(‘d giving off ammonia 
aiul forming cadmium iodide. E. Ephraim and F. Mosimann made .some poly- 
iodides r.(j. zinc tetrammino-hezaiodide, |Zn(Ml;dilIj 21o : and cadmium 
tetrammino-hezaiodide, |Cd{NJI.d4 II22I2. They also made some comple.xes with 
])icric acid, and with p-diclilorobenzenesiilphonic acid. 

• According to M. Adams, 20 wlim hydroxylamin«‘ is added to a cone, alcoholic 
soln. of cadmium iodide, the preci)»itat<' which is finst formed redissolves, and when 
the soln. is allowed to stand, it diqiosits large, colourless. aci( ular crystals of cadltlium 
trihydrozylamine iodide, (MUfNILOH)^. This comjiound is stable ; solubh' in 
both alcohol and water; and insoluble in ether. A conqiarison with the other 
double halides emphasiz<*s the tendency of cadmium ioiluh* to unite with three 
molfl of liydro.xylamme. 

C F. Rammelsb»‘rg ]>n‘])ared deliquescent erv.stals of ammonium zinC tetra- 
iodidOi 2Nn4l ZuL, by the evaporation of a mixed soln. of the com])onent salts over 
suhihuric ai'id. II ('roft and E. Rinibach made deliquescent crystals of ammonium 
cadmium tetraiodide, 2NH4f.CdL.2H2O, by evaporating a soln. of the com])onent 
ealt« in theoretical ])roportions. J. M. Eder says that at 15' one ])art of the .salt 
dissolves in 0 58 part of water ; ()’7 part in alcohol of sp. gr. : 8 t) parts in 
ether of sp. gr. (V72!) and in I 8 part« of ethereal alcohol. E Ta.ssilly, and H. Gn>ss- 
inann made CdL.NH4l by Imiling cadmium hydroxide m a soln. of ammonium 
iodide, some CdLj 2NHj, being formed at the same time. E. Tassilly said that the 
salt has |IL0, H. Grossmann, H.^O, and E, Rimbach, that the salt is anhydrous, 
and is stable in waiter. .1. M. E<ler says that at 15^’ one part of the salt dissolves 
in ()‘J( ]mrt of water; in (t88 part of alcoliol of s\). gr. 0'7!H ; and in 21 parts 
of ether of sp. gr. 0'72th According to S. Lus,sAna and G. Bozzola, the soln. of 
NHil.tAHo has a maximum density at 3'54"'. 
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H. Krami found the f.p. curve of mixtun-s of cadmium and stKlium iiKlideR hna 
no signs of the formation of a compound, or of solid soln. 'riien* m a simple V* 
euWctic at 'J87 with 47 per ct-nt. Nal E I'ornet' and («. Urham measim‘d the 
f.p , and F, Dourion and E. Roiivur the h.p , of soln td mixtim's of the alkali 
and cadmium iodides and obtained ^^•^ulls in harmonv with the «omjH>Hition of 
the knoNMi douhh* salts. (' F Uammelsbrrg prepared delitjUescent crystals 
sodium srinc tri-iodide, Nal Znl ► bv the evaporation over siilphurie acid 
of a soln of the component salts in theoretical proport urns ; tlu' corresponding 
potassium zinc tri-iodlde, Kl.('dl.>. was made m a similar way. H. (Voft made 
sodium C&dmium tetraiodide, 2NaI t'dFtJlLO. m a similar manner. .1. M. Eder 
savs that at lo ', one part of the salt dissolves in (Mid part of water ; in (MHtJ part 
of ahuhol of sp. gr 0 7H4 ; and in liti jiarts <d ctlnT of sp. gr ti 72'.h II. Ooft, 
and E Ilimbach made the correspomling potaSSium cadmium triiodide, 2K1 (MJo, 
m a similar wav. H. iirand found that the f p. i urve <*f mixtures of jiotassium 
and cadmium iodides. Fig. 11. has a cute, tic at IHd ’ and 17 molars per cent 
of K1 Tin* asi'cnding branch of the 
curve hu.s two brcak.s corresponding 
with the formation of potassium cad- 
mium tetraiodide, ( 'd 1 ^ J K I , at jti'j 

from cr\stals and liipiid . and a 
tran.sformation of the a-cubie < rvs- 
tals ;it 2lb into the /3-doul)le refract- 
ing moditication .stable at low tcmj» 

E ('liauvcnct, ami (I. Urbain'sanal\sis 
of the thermal clTc( t on mixing soln 
airn-t'd with the formation of pot as 
^lum catlmuim tctrauxlidc, ‘JKI l'dl»: 
iikewisc also H. tj van Name ami 
W (I lirown’s .stml\ of the ^•.|lll 
librium coiitlitioiis (d soln, of the < om 
jKincnt '■alts F. W t 'l.irke s valm* for 
tile ,sp 'jr of the .-.ill at 'jl IS dd.V.t 
One part of the ( !< .u tielnplesi-ent 
cr\stal.s, .sa\s .1 .M Eder, diss«.l\eh at 
b’t in ()7d part of water; in 1 -1 part.s of alcoliol of sp gr ()7itl ; nnd in .'14*7) 
part.s of ether, of sp gr (t72b. The sp gr of soln of the salt have been mca-. 
siircd l)v O (Jrotrian . the low’i-rmg of the f |i of soln of the salt, by If. f , Jones 
and F. II (retiiian, and by H (' Jones and H I' Cahlwcll, the clcctriial eon- 
duMivitv bv O, (Jr(jtrian, F. J WiTshovcn. (’ Immerwahr, and J. VV. Mcltain ; 
and the transjiort number bv W. Ifittorf J H. Walton says that like other 
soluble iodides K.X'dl, dei omj»o.s»'s hydrogen peni.xide with the evolution of 
o.xygen. , . , . 

In passing along the serie.sof bivalent metals fnun magnesium to zme, cadmium, 
and mercury, the vurictv of double salts incrcaw's with the at. wt. of tlu* metal ; 
for example, merenrv givc.s six tvpes of douhh; salt with cmsiurn, and there are 
three with cadmium, two with zine, and om* wdth magncHium. The three CGBSium 
ftndminm tctra- Mid penta-iodides with (VI : (’dij; -3:1, li : 1, and 1 : 1 were 
jiH'pared by 11. L. W'dls and F. T. Wahlcn like the corresponding bromides, (yiesium 
cadmium iodide, C'sCdl-j lIoO, or (.'sI.C'dl2.1I.d), is obtained in thin plates from a 
soln. with the com]>onent salts in the mol. proportions 1:1. Tin* two CCBSlUm 
zinc tetra- penta-iodides, 3 : 1 and 2:1, were ma<le by H. L. Wells and 
0. K. Campbell like, the corresponding chlorides and bromides. 1 he exisbmcc of 
the zinc salts 1 : 1 was sus[>ected in the synipy bipiid obtained by crystallizing the 
2 : 1 salt. In view of the fact that ciesium usually forms more stable and leas 
soluble double halides than the other alkali metals, it is remarkable that there 
should^be'a difliculty in preparing the 1 : 1 type of ca^ium zine halid<;8 when the 
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ammonium, sodium, and potassium zinc iodides, as well as the 1 : 1 cfcsium magne- 
«um chloruie and bromide, can be readily obtained. 

According t^) G. Hermann, cuprous and cadmium iodid»*s form a single series 
of solid soln, with a minimum in the m.p. curve at and 90 per cent, of cadmium 
iodide. C. H. Hammelsberg made barium zinc totraiodide, Bal^.ZnT^.H^O, in 
a similar manner to the process employed fpr the potassium salt ; and H. Croft 
made barium cadmium teiraiodide, Bal2.Cdl2.r)H20 ; and H. C. Jones and 
B, P. Caldwell made strontium cadmium tetraio^e, Srl2.C<il2.8H20, by evaporat- 
ing a soln. of equi-rnol. proportions of the component salts, and they measured the 
mol. conductivities of the soln. 
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§ 15. Zinc and Cadmitini Sulphides 


According to K. ScliiitzA zinc luw a greuter allinity tliiin Iciul for .siil}d)ur, Init u 
smaller allinity than inanganc.s»‘, copper, nickel, iron, or tin : ,1. Foiirnct found the 
alfinity of zinc for Huljihur to he greater than that of huid, silver, antimony, or 
arsenic, and snialler than that of eoppi'r, iron, or tin ; and E. Si luirmann said the 
affinity of zinc for .sulphur i.s urcater than that of nickel, cobalt, iron, arsenic, thorium, 
or manganese ; and he giviss the order cadmium, antimony, tin, and lead. 
K. F. Anthon gives the order silver, copper, lead, cadmium, iron, nickel, cuhalt, 
and mangancso. A. L. ()rlo\\.skv also studied the allinity of the elements for sulphur, 
if. (1. Jlrcdherg assumed that some zinc ores contain :iuc suhsulplndc, Zn.,S, hut 
K, Friedrich added that tins is not prohahle. There are no signs of tlu' formation 
of zinc subsulphide when sulphur and zinc suljihule are melted together. 

Zinc sulphide occurs in nature ervstallized in two ditTerent forms - tiie one, the 
eommun zinc hlcnde, or sjihalerite crystallizes in the euhie .system ; and the other, 
tfie eomparat ively rare w urtzite, helongs to the hexagonal system. The purer forms 
of both art' straw-coloured, although E. S. and .T. D! Dana*^ slate that specimens of 
blonde from Franklin (New Jersey), and from Nordmark (Sweden) are white, and 
they have been called ciciop/iam'. Although ziru; blende is perhaps the most widely 
di.strifiuti'd mineral eontaining zine, it does not appear to have attraeted the attention 
of the early wiinoralogist., 'I'he mineral has a superficial resemblance to galena, 
e.xeejit in its cicavage, but it yields no metal when smelted, and therefore it was 
called by 0. Agrieola. vu/e/m utams. an<l by J. (1. Wallerius, pseudo-tjakva . The 
(lerman mining term hlendv was then eiu[>loyod from hlenden, to deceive ; and was 
also called by E. h. Glocker. .'iphalrnle, from othiiXefun, deceptive. The presence of 
zinc in blende wa.s first demonstrated by G. Brandi in 17<F», and zinc w’as extracted 
from the mineral by A. von Swab in 17.3«S. M. Malouin prepared zinc sulphide in 
174:3, and for a tirpe it was thought to he ditTerent from the natural sulphide. 
T. Bergman analyzed’ ])hosphon'seent blende in 1779. Analyses of zinc blende have 
beenreporti'd by J. A. Arfvedstm. A Uiwe. 0. Kersten. C. Kuhlemami, T. H. Henr)*, 
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J. L. Smith, T. Scheerer, FI. Bechi, A. Brt'itbaiipt. L. Lecanu, P. Bt'rthier, 
J. B. J. D. lk»uivsincault. C. U. Shepard, A. Dsann, J. Ixxzka, L. Sipckx, \V. Flitel, 
etc. Zinr blende contaiii'ng gallium haa l>een r<*jH>rt<*d hv L. de Boisbaudran, 
C. Rimatori, H B. Cormvall, and J. B. Kirkland ; mert'ury by P. S«>ltaicn ; tin 
by A. Stelzncr and A. Seheitel ; indium by F\ L. Bartlett ; cadmium by C. Rimatori, 

A. Schmidt, A Frt'uzel, and 0 Uertmg ; leiwl and manganese by 0. Hertiiig ; 
cobalt by F" A (ienth ; and rare earths by ,1. St rishotl, aiul S. SamailolT. K. Sand- 
berger found lithium in the wurtzitcs but not in the blendes which he examined, 
W. N. Hartley and H. Uamage found spectroM-ojiically iron. co]HK‘r, silver, and 
traces of ijotassium and sodium in all the blendes the\ <‘xaniined. and tadmium, 
gallium, indium, thallium, lead, nickel, chromium, and calcium m many other 
specimens. 

The hexagonal variety of zinc .''ulphido, occurring inthe.silvermine,()raro(lk)liviab 
was named by (’. Friedel wurtzit4‘, after A. Wiirtz ; the cadmiferous hexagonal 
blende from Pribram was named pnhttinnU' by .1. d. N. Huot. and another variety 
fifnautenlr—iToni sjuautrr, sjedter b\ A Breithaujit. Analyst's of ^\urtzlte have 
been made by A. bowe, J. F, Malaguti ami ,1. l>uro< her. J. (lerstcndorfer, \V. Stahl, 
H. Traube etc. The mim'ral rahzitr or volizitu is an o.w Miljdiide, ZnO.'lZnS, found 
as a yellow iiu riistation at J’ontud.iamI, Frain e. and at .loa* himsthai, Austria. It is 
]irobablv a mixture of oxide and suljdiule. Hexagonal tadmmin sul]diide. ijurn- 
iH'kifr, was foumi by It Jameson at ltishoj»town (Seotlaiul), and naim'd after l^trti 
(ireenoek. This mineral was further investigated by A (’onnell. A. Breithaupt. and 
\V. Nk'oI ; J) Forbes called it C(t<Jii)iu7)i hbinie. Anaivses of greenoekit«* have been 
made by A. (onnell, T. Thomson. A. K. Christomanos, and K Schuler 

Zinc sulfiliide has Is'en obs^'rved as a furimee product by J K. ] j . llausmann,^ 

B. \on Cotta, W Stahl. J, 1) BobiTtsoii, (' C von Ijconliard, (\ F Plattner, 
C W (' Fudis, J II li Voiit.ete J J. Ndggeratli ainl (* Biselmf foumi some zinc 
sul|)hide af-w inche.s m tlia knesH <lepo.sit« (l (»n the woodwork of an old lead mine ; 
It IS tlioueht to have been formed bv the redming aelioii of delaying wood U))on 
zme siiljiliate • H A Wheeler found blende in lignite* , W. P. Jennev in coal ; 
(j. K Keyes found blende crystals on iron nails immersed lo yrs in mine wat4>r; 
W. P. Jennv, J. 1 >. Pohertson. M W lies and J l> Hawkins also found deposits <)f 
blende in mines ; and J. Delanour also observed a deposit of zme suljihide from some 
sjiring water where it was piobably formed b\ the reduction of zme sulphate liy 
organie matter. 

The preparation of zinc and cadmium sulphides.- When zim tilings are 

heated with siiljthiir, the siiljtliur volaldize.s bidore < ombumtion occurs, but- J Davy * 
made a little wliite zme sulpliide by passing suli»hur vapour o\er red-hot zme. Tlie 
m p. of the proiluct is liigli, ami it forms a proteetue lilin on the suifaei* of tlie ])ar- 
tieles of metal, T, (Irilliths and J. Cawlcv ]»assed zme vaj» int<» a diamber con- 
taining suljdiur vapour at a higher temje than the b ]i of that clement. An intimate* 
mixture of zinc du.st and sulphur mfiames when strm k l»y a hammer. H. Si hwarz, 
ami A. Cavuzzi iimverted zim tilings int4» .«ulphide by heating them in a stream of 
earlum disuljihide vajiour ; W. Frankel jaissed nitrogen charged with tlie vajioiir of 
carbon di.siilphide over red-hot zme, ami obtained /me suljthide and carbon, 
J. J. Berzelius found zinc tilings withdraw the sulphur from pot^ihsnim pol\ sulphide, 
and the n*ar,tion is explosive if heat be applied : In* also made zim- suljihale by 
heating rnorcnrie suljihide witli zinc- the reaction is explosive, and the ujereury 
volatilizes. J. C C, Dehne, and C. M. Deepretz heaCal zinc oxiiie with suljdiur and 
obUmi'd “ un product tellement identujuc aver la hlende, quo des mineralogist's 
exerc^s n’ont pu distinguer ces deux eombinaisons Tune <le rautre.'’ 

J. Milbauer gradually added zinc or cadmium oxide to im)lt4‘n jjotassium tliio- 
cyanate, ami obtained amorjihous zinc or cailmium su)]diide. K. Wemsihenk 
obtaim'd an amoqihoiis powder of radiniiiin sulphide by heating cailmium thio- 
cyanat4? with acetic acid m a S4'aled tube for i-D hrs. at 2.^18 ’ 2'^^ '. h. 'J . Allen and 
J. L Crenshaw found that zinc salt.s do not react with B04jiuin thiosulphate in the 
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cold^ but at KXf the zinc m quantitatively precipitated as amorf)hou8 sulphide : 
4Naij8203-f-ZnS04=^4Na2S04+ZnS4-48. ^ine sulphur dioxide, and hydrogen sul- 
phide are formed by wicoudary reactions. J. Landauer obtained amorphous c^miuni 
sulphide by heating cadmium oxide with anhydrous sodium thiosulphate in a sealed 
tube ; F. Faktor heated dried cadmium chloride with sodium thiosulphate ; and 

E. Donath treated a soln. of cadmium chloride or sulphate with ammonia, added an 
excess of acetic acid, and then treated the boiling soln. With sodium thiosulphate ; 
aftfir boiling for al)out half an hour, the osmium was completely precipitated as 
sulphide admixed with free sulphur. 

K. Briickner found that zinc sulphide is formed with the evolution of sulphur 
dioxide when anhydrous zinc sulphate and sulphur are triturated together. 
L. N. Vauquelin, and A. Violi obtained the sulphide by heating the anhydrous 
sulphate with sulphur, J. L. Gay Lussac washed the unreduced sulphate* from the 
mass with wate*r, or converteid it into sulphide by another ignition with sulphur. 

F. Bt^rthier reduced zinc sulphate* by heating it with charcoal ; if the temp. l)c tejo 
high, much oxide is formed. The oxide may be extracted from the .sulphide by means 
of dil. hydrochloric acid. 

E. T. Allen and J. L, Crenshaw obtained tht* amorphous .sulphide by the action 
of hydrogen sulphhle on zinc carbonate and hydrocarbonate ; by heating amorjihous 
zinc sulphide with sodium hydrocarbonate, P. Farup ^ obtained coarse Hecks of zinc 
sulphide, which could bt) easily filtered, by the action of hydrogen sulphide on a soln, 
of a zinc salt containing some hydrogen peroxide, and warming for 4 or 5 mins, to 
60° or 70°. Zinc sulphide is precipitated from .soln. of zinc cyanide by hydrogen 
sulphide ; and A. Vita precipitate^d zinc as sulphide from ainmoniacal soln. of 
cer^n low-grade zinc ores. E. T. Allen and J. L. Crenshaw found that the pre- 
cipitate obtained by adding alkali sulphides to a soln. of a zinc salt in tie- cold, or 
at a boiling temp., is always amoqihous ; but if cone. soln. of alkali 8ul])hideH are 
employed at a higher temp., sphalerite is obtained — wurtzite is never formed. 
With cadmium salte under similar conditions no crystalline product was obtained, 
although with ammonium sulphide crystals of greenockite were formed. V. Bermont 
used sodium sulphide as the precipitating agent with an ainmoniacal soln. of a zinc 
salt ; and W. Minor with an ammoniacal soln. of a cadmium salt. II. W. de Stucklc 
precipitated zinc sulphide from soln. of barium zineate by barium sulphide, and from 
soln. of alkali zineate by alkali sulphide, J. T. Norton heated soln. of zinc sulphate 
with sodium thiosulphate at 140° to 200°, and obtained a mixture of sulphur and zinc 
sulphide ; and M. le Blanc and K. Schick obtained zinc sulphide by the alternating 
current electrolysis of a soln. of sodium thiosulphate between zuk^ electrodes. 
R. Lorenz obtained cadmium sulphide by the electrolysis of a soln. of an alkali 
chloride, nitrate, or sulphate between a cupric sulphide cathode and a cadmium 
anode ; M. le Blanc also experimented on this subject. 

U. de S^narmont,® and H. Baubigny pmpared sphalerite by lieating a soln. of a 
zinc salt with hydrogen sulphide in a sealed tube ; and J. Durocher, by heating 
zinc chloride in a stream of hydrogen sulphide. E. T. Allen and J. L. Crenshaw 
obtained only the amoqihous sulphide by this process, but they obtained good 
crystels of sphalerite by heating amorphous zinc sulphide in a soln. of sodium 
sulphide at 350° in a steel bomb ; the same mineral was obtained in acid soln. — 
(>ide wurtzite— sphalerite is alone formed in alkaline soln. ; here again E. T. Allen 
and J. L. Ci^nshaw obtained only the amorphous sulphide. A. Villiers obtained 
crj'stalline zinc sulphide by heating amor|)hous zinc suljihide, precipitated from a 
feebly alkaline soln., for one minute between 70° and 100° ; by adding ammonium 
chloride to avior|>hou8 zinc sulphide as precipitated from an alkaline soln. ; and by 
freezing an alkaline soln. in which amorohous zinc sulphide is suspended. Sphalerite 
c^stallizes from a soln. of zinc sulphide in molten sodium chloride and jmtassium 
wjlysulphide, ]>rovided the temp, be below 1020° ; thus, P. Hautefeuille stated that 
blende is transformed into wurtzite when heated to redness, and he heated zinc or 
cadmium sulphide covered with a layer of alumina in a graphite crucible ; the 
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wurtxite or greeooclcite cryat&liuHtd on the aluinma. A. Mourlot cryatallUed rinc 
auipbide by heating it in an electric arc furnace. F. Beijeriiwk tranafonued 
amorphous into crystalline cadmium sulphide by heating it in a sealed IuIk*. 

J. J. Bjirrelius, and H. Hose heated precipitated zinc sulphide in a stream of hytlrogen 
sulphide. O. Itohde found amorphous zinc sulphide becomes crystalline wiitui 
subjected to a press, of 8(XX1 atm. etc/c the action of sulphur on zinc. 

8t. U. iX'ville and L. Troost fus^nl together equal parts of zinc sulphatt*, calcium 
fluoride, and barium sulphide, and obtained crystals of wuxtzite ; with cadmium 
sulphide in place of zinc sulphate, crystals of greenockite were formed. They also 
prepared wurtzite l»y passing hydrogen over red-hot zme or cadimum suljdiide ; tlie 
suljihide was decomposed, and redeposited in a crystalline form in t he cooler parts 
of the tuU* as the hydrogen sulpliide and zinc recombined ; W. lliltz ust‘d an atm. 
of nitrogen. U. Lorenz obtaini^d cr)*8tal8 of wurtzite and grt‘enoekite by acting on 
the va|K)ur of zinc or cadmium with hydrogen sulphide. T. Sidot prepared w urtxite 
or greenockite by heating zinc or cadmium oxide in the vajK>ur of sulphur ; and he 
found wartzit4‘ is formed when amorphous zinc sulphide is heated in an atm. of 
nitrogen, or sulphur dioxide. A. (lautier passt'd the vapour of carbon disulphide 
over heated zinc oxide ; the experiments did not succeed when other zinc salts W(*re 
used, or when carlwiiyl sulphide was employed. 

K. Schuler, and U. Sclmeider prepared ciy'stals of wurtzite and gnrnwkite by 
fusing ]»ret‘ipitated zinc or cadmium sulphide with jKitassium carlMinate ami sulphur. 

M. J. Fordos and A. Gelis, and tj. (teitner heated metallic cadmium wuth sulphurous 
acid in a s<‘nled lube at 2<Ml , and obtained a mixture of amorphous and crystailiiie 
cudniiuni siilpliule. E. T. Allen and J. L. C’renshaw obtained only anu)r))liuup zinc 
sulphide by the action of metallic zinc on sat. sulphurous aciil. J. I’lil lieatcd 
cadmnini to redness in a stream of Miljihur dio.vide and obtained a mixture of 
cadmium sulphate and the crv-stallme sulphide, A. Dittc dissolved amorphous 
cadmium sulphide in ammonium hydrosulphide, at (30 , and obtained crystals of 
greenockite ami frei' sulphur on cooling V. Stunck h(*at<*d zinc sulphide with 
amiiiomum suljdiulc iti a tube at ir>(j to 200'^, and obtained crystals of sjilialeriU*, 
but E. T. .Vilen and J L (’reiishuw siic<red<*d in making only the amorphous sul- 
phide ; with cadmium and ammoiiium sulphides, in a sealed tube at If^O'^- 2tK)'’ for 
3 ilays, greenockite crystal.s were formed. H. Viard prejjsrcd iTystalline zinc ftnd 
cadmium sulplud('s by passing a stream of carbon dioxide charged with the va}>our 
of zme or cadmium chloride over red-hot stannous Bulj>hide. E, T. Allen and 
J. L. Crenshaw obtained wurtziti* by subliming zinc Hulj>bidc In'tween 1200'’ and • 
13(.KJ , and also by the action of hydrogen sulphide derived from sodium thiosulphate, 
on acid soln. of zinc sulphate at 25<C ; similarly', also with eoln. of cadmium 8ulj)hat<‘. 
They obtained crystals of greenockit4* by heating amorphous cadmium sulphide 
with 30 [)tT cent, sulphuric acid in a staled tube for 2 days at 200'". 

Zinc sulphide was found by E. Schiinnann to Ik* ])recij)itatcd before nickel, 
cobalt, iron, arsenic, thorium, or manganese by incompletely saturating a hot -J^^A^-soln. 
of a zinc salt by hydrogen sulphide ; J. C. A. Meyer observed tliat hydrogen sulphide 
precipitatt'd iron and lead suljihides before the zinc Bulphide from an acetic acid 
soln, of iron, lead, and zinc salts. W. Biiddcus j>re< ipitated zinc sulphide alone 
from lye containing iron (ic), cobalt, nickel, and manganest; either by the action of 
hydrogen 8ul|)hidc, or of a sulphide and acid. J. l>*fort and P. Thihault found that 
the presenc'e of gum arabic in soln. of zinc salts hinders the )>reci|»itation of zinc 
sulphide by hydrogen sulphide. 

In the analytical classification of elements, zinc is iiu luded in the grouj) of 
elements which are not precipitated from acid soln. by hydrogen sulphide. If a 
current of this gas be passed into a sat. soln. of zinc chloride, part of the metal is 
precipitated as sulphide and hydrochloric acid is formed : ZnCl 2 +H 2 B Zn8-f2HCl, 
so that the soln. becomes acid ; when the acid has attained a certain cone., the action 
apparently cea#M*B. The reaction, indeed, is reversible. No jirecipitation occurs 
if over 4 c.c. of hydrochloric acid of sp. gr. 112 be present jasr 100 c.c. of soln. 
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According to H. Baubigny, the accumulation of hydrochloric acid can be prevented 
by the uae of salts of certain organic acids -ammonium or sodium formate, acetate, 
etc. These substarn es react with the, hydrochloric acid, producing sodium or 
arnmoniurii chloride and the corresponding organic acid. The solubility of zinc 
sulphide in these organic acids is small enougli to be neglected in (pertain analytical 
operations. According to 8. Glixelli, the action of hydrogen sulphide on zinc salts 
does not depend on the balanced reaction ; ZnClj, h 11 - 2 *^^ 208 -|- 2 HCl. He said the 
reaction is not reversible, but a kind of false equilibrium occurs in acid soln. 
L. Bfun<‘r, and G. Bruni and M. Padoa showed that the prccipitatiid zinc sulphide 
may change into a less soluble form when it has been allowed to stand for some time. 
For the more soluble a-Zri 8 , in acid soln., 8 . Glixelli found A'jH]- -[ZuJ^[H 28 J, 
where A -15x10'"^; and for tin* less soluble j3-Zn8 j)reci[)itHted from alkaline 
soln., A- -1x10“^. L. Bruner and J. Zawadzky considered that these numbers 
cannot be exactly determined because of the rapidity of the change a-Zn8“»j8-Zn8. 
8. Glixelli found that the state of false eijuilibrmm was favoured by the presence of 
silicic acid, zinc, ca«lmium or copper sulphide. G. Brum and M. Padoa found that 
if air or hydrogmi he passed through the lujuid from which cadmium sulphide has 
been precipitated by hyilrogen sulphide, the precipitate redis.solves. S. GlLVelli 
was able to obtain [)recipitat4*H from rather < onc. acid soln. provided sutHcient tune 
1)6 allowed. E. T. Allen and J. L. Crenshaw have plotted the cone, of zinc in soln. 
as they vary with the coni!, of the sulphuric acid, aft4*r jirecipitatiun with 
hydrogen sulphiihi at oni* atm. press, has ceased ; tlu^ results are shown m Fig. 45, 
where the shaded portion repre.sents the zinc remaining in soln. This subject is 
rather im|)ortant in analytical work, when zinc is precipitated as ,sulj)hide trom 
faintly acid soln. It has been iliscussed by W Eliot and F. 11 Storer, K, Grund- 
mann, F. C. (Calvert, etc. H A. Fales and G M. Ware show that the least error 
occurs when the acidity of the soln. repre.sented in t-<'rms of the (‘one of tin* ll'-ion 
is bi'tween lO”'-^ and lO~-h This is illustrak'd in F ig. Ill, wle-re the ordinates rejireseut 



Fio. 46. I’lu* Etiect of Frw 
Suiphuriu .Void on the Pre- 
oipitutionof Zino Sulphide. 



Fio. 40.— Effect of Coueontration 
of Hydrogen Ion on tho Pre- 
cipitation of Zme as Sulphide. 


the average error produced when zinc sulphide is pn-cipitatM-d from 2 U) c.e. ot a soln. 
containing a gram of ammonium ziuc sulphate, Zn(NH 4 ) 2 { 804 ). 2 .()H 20 . If the cone, 
of the H’‘ion exceeds 10 “^ the completeiu’vss of the precipitation rapidly falls, and if 
the cone, of the H -ion is less than 10 “^, the [irecipitaU? becomes slimy and dilhcult 
to tilter. The favourable cone, of H’-ion is obtained conveniently by using ammouiuin 
formate, or citrate. E. T. Allen and J. L. Crenshaw also found that the zinc sulphide 
precipitated from neutral or acid soln. at temp, below 2(XF, is always amorphous ; 
and observations on tho intluence of temp and acidity of sola, on the crystalline 
form of zinc sulphide are summarized in Table IV^. where IF represents wurtzite, 
iS’sphalerite, and A the amorphous form of zinc sulphide. A. L. T. Mosveld also 
found that in acid soln. wurtzite is precipitated, and in neutral or faintly alkaline 
soln., sphalerite separates. 
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Table IV.— The KrTECTorTEiiFERATORE a»d Acrn CoKCKNTBATiotr on thk rRYnTAJLiNK 
Foioi OTP Zmc St'LrHiDK, 


PrriVQUC<> AUloUDt of 11,80| 


T«fn»p. 

10 

IS 

4 0 

r.o 

7 h 10-0 

260'' 

and H' 

U’ and .4 


H' and A 


300'‘ 

no fK ; litfJe A 

no ir 

70'\, W and A 

6*V. W 

H' mJI IK 

360'’ 

\ 

70% ir 

- 

30“„ U' 

ROVo W 


Tlu‘ (‘onditions of temj). and iinal acid cone. ncc<ssarv for the >:cncvsis of tMtluT 
form of zinc sulphide art' illustrat^-d in K»e. 17 . A. Kolnier fouml tlnit cmlmium 
Hulphide, ]m*cij)itated from neutral soln., 
always containt'd some free sulphur, and 
H. Mtddrum obtained amorphous cad- 
mium sulphide from neutral soln. of 
cadmium salts, t'ven after standing for ^ 
a long time, or aft-er boiling ; and ^ 

K. Donatii and J. Mayrhofer obtained 
only aniorplious cadmium sulphide with § 
alkali sul])liide fis prccipitiitiug agent Jjj 
K. A. Partridge studied the prejtara 
tion of pure cadmium sulphide from 
catlmium .suljthatf* and hydrogen suI- 

Temperdtures 

G. Bruni and M. Padoa, and H. Bain 

bigny found that by raising the j>re8S. of Sphalentd) aiid WurtnUt. 

the hytlrogen sulphide the equilibrium 

HjH-f Znri2^-HCl-fZnS was displaced in favour of the right side. Similarlv 
with cadmium salts Acidifh'd soln, of cadmium sulphate which pret'ipjtatt' (“ad 
mium sulphide when treated with hydrogen sulphide at ordinary jirchs , give no 
ftrecipitate if the gas be uiuh'r n*duced jiressure M. Padoa and L. Cambi ob 
tained the n'sults indicated m Table V, where the nunil>er in the ]>reflfl. column 

Table V.- Tiik KrFECT of Pressure on the ^'ormation of Zino ano (’admium RtTLrnii>KM. , 



Temperatures 


Km 47. Fieltls of I'nH ipitfttion of 
Rphalent-o and Wurltite. 



0 2 rool ZeuSO. 

0 1 mol ZiiSO. 

0 1 mol ZtK'l, 

(f 01 ri)ol Zii( 

Norinolilj fif ' 

(1»’), 

(IW).' 

(ia''i. 

(UV') 

add. 

lYrN-f* Him. 

Eriiiui. mm. 

PriiM. mm 

J'rpsH mm 

0 2 

139 

160 

95 

170 

0-4 

210 

320 

210 

380 

o-fl 

390 

400 

310 

620 

08 

640 

610 

480 


1 0 

620 

760 


“• 


0 2 mol eVK ’L 

U 1 mol CiH 1. 

(1 ir, mol ('<u 1 

0 02.i mol ( Ml 

.V-Hcl 

(14^1. 

(14 » 

(14 ) 

(18") 


mm. 

mm. 

mm 

rnrn 

0 

15 

16 

15 

15 

05 

16 

16 

15 

30 

10 

20 

20 

30 

60 

16 

36 

60 

80 

130 

2 0 

87 

140 

226 

340 

2 6 

200 

310 

640 


3 0 

670 

— 
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I<epf6ieiits the smallest press., in mm. of mercury, which is recjuired for the pro- 
duction of cadmium or zinc sulphide. W. N. Stull found the reaction between 
hydrogen sulphide and hydrochloric or sulphuric acid soln, of zinc salts is ex- 
ceedingly slow, and in no case was equilibrium attained after the soln. had been 
treated many liours with a rapid stream of the gas. The course of the reaction 
in cither case is virtually the same. Agitation had no appreciable influence on the 
results ; and a difference of temp, between 2(/ and Ur had very little influence. 
Similar results were obtained with a soln. of cadmium salts in sulphuric or hydro- 
chloric acid ; the crystallinity of the precipitati' depends on the acidity of the soln., 
the temj)., ete. 

T. Sidot7 synthesized phosphorescent zinc sulphide- blende— hy 
heating crystalline zinc sulphide for 4 or 5 lirs. in a porcelain tube in a stream 
of sulphur dioxide ; {). Henry made it in large quantities by precipitating a neutral 
soln. of pure zinc chloride with ammonia, redissolving the precipitate in excess of 
ammonia, and then exactly precipitating with hydrogen sulphide. The precipitate 
is carefully washed and dried, and is then heated almost to a white heat in a fire- 
clay crucible placed inside a plumbago crucible, brasqued with charcoal. The 
brilliancy of the iihosjihorcHceiicc seems to depend on the purity of the zinc 
sulphide, and the ])roduct Is either non-phosphorescent or feebly phosphorescent if 
zinc oxide or any zinc salt other than the chloride is used, or if alkali 8ulj)hides are 
used as the precipitant in jilace of hydrogen sulphide. Mangane.se sulphate, lead 
acetate, lithium carbonate, thallium carbonate, strontium chloride, basic bismuth 
nitrate, etc., all prevent phosphorescence. K. A. Hofmann and W. Ducca made it 
by 0. Henry’s process from commercial zinc chloride, but not from chemically pure 
zinc ammonium sulphate. If h grins, of sodium chloride and 0’2-<i r) grin, of 
magnesium chloride are added to 20 gnus, of pure zinc ammonium .sulphate dissolved 
in 400 c.c. of water, and the precipitate, with hydrogen sulphide, is dried without 
being washed, the yellow, crystalline zinc sulphide, which remains after heating, is 
highly phosphorescent. Contrary to C. Henry’s statement, the phosphorescence must 
be due to the presence of traces of the soiliiim and magnesium salts. The addition 
of sodium chloride or of magnesium chloride alone iioe.s not cauHe th<‘ phos- 
phorescence. The presence of traces of iron, nickel, cobalt, bismuth, chromium, or 
cop|>er salts diminishes, hut traces of salts of tin, selenium, manganese, or eadmiuin 
increase the effect. According to H. Griiiie, pure zinc sulphide is not j)hosphor- 
cscent, but the addition of a truce of copper, silver, lead, bismuth, tin, uramuni, or 
• cadmium causes it to become so. Copper produces the best result, 1 ])art of copper 
in 10, 000 causing a beautiful green phosphorescence. The addition of manganese, 
on the other hand, {)roduce8 a yellowish-red phosphorescence, and the zinc sulphide 
in this case, when scratched or rubbed, emits light spontaneously. W. 1*. Jorissen 
and W. E. Ringer found the results obtained with zinc sulphide resembled those 
with the sulphides of the alkaline earths. The pure sulphide of cadmium, barium, 
or zinc does not phosphoresce except in the presence of traces of foreign matter such 
as bismuth salts. In the case of zme sulphide, it is found that whereas magnesium 
chloride or sulphate has no action, bismuth, cadmium, or manganese salts and 
the chlorides of sodium or pqtassium produce a marked effect. The phosphorescence 
caused by the two latter substances is increased by the addition of manganese salts, 
is diminished by copjier salts, and is entirely suppressed by platinum and silver 
salts. 

A. Karl heated a mixture of manganese nitrate with five times its weight of zinc 
sulphide in an eleetriofumace at 12UU“, the cold mass was washed in water and dried. 
The manganese nitrate can bo replaced by stannic oxide, titanic oxide, silica, 
zirconia, didymium oxide, manganese silicate or stanuate, etc. The product is 
strongly trilHiluminescent ; with zinc sulphide alone, it is feebly so. K. Albert 
found that by calcining zinc sulphide with s^um chloride a phosphorescent product 
is formed which is not removed by washing ; if heated with alkali sulphides, poly- 
sulphides, or hydrosulphides, the sensitiveness is diminished. H. W. de Stucl^ 
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said that unc sulphide becomes insensitive to light if the pm ipiuted sulphide is 
dehydrated so that the ratio HgO : Zn8 is no more thsn 1 : J. (^aadey found the 

precipitate obtained by the addition of alkaline earth sulphides to soluble cine salts, 
when calcined, washed, and ]K)wdered, is phosphorewviit. J. Schmidt, and K, Ti**de 
and A. Schleede described the preparation of highly pluviphorescent ainc sulphide. 
Tho physioal propeitiei of mo and cadmium sulphides.- Tlte colour of zmc 

sulphide is whit** or pale yellow (if cadmiferous). Sphalt rite is white when juire, 
but when ferruginous, it is variously coloun*d. yellow, brown, or black. Wurtzitc 
is usually brow-ii, but when prepared artilieially it is C4»lourlrs.s. Ainor])bous 
cadmium sulphide is coloured yellow, orange, or brown. Acconling to K. T. Allen 
and J. L. Crenshaw,® fresh ra[)uily j)recipitat«*<l zmc sulphul** has Kplieri« ul ]»arti('lc)a 
(HKK)2 to t)0005 mm. diameter; while the ]»articleH of the slowlv precipitat**d 
sulphide incn'as** in siz»*, and aggregate* into clusters or crusts when allowed to 
stand in the wjln. When tin* aggregates an* ionipn*HS4*d under a eover glas-s, tliey 
liatten and break o|n*n like a still jelly. The jelly-like globules eontain very little 
water, the crusts and globules may harden and IsHoiin* bntth' and gritty, and 
e.xhihit a refractive iiub'.x for Li-liglit lM*tw'een 2' 18 and 2‘2r>, which is smaller than 
the ndractive iinlex of s^»halerite or wurtzite. The doubh* rt'frai litm e.vhibitcd by 
the arnoqihous sulphide is probably caiiwd by strains iiuluceil in non-homogeneoiis 
massaa during the process of hardening. When heated alwve 2tKr, the amorjilious 
crusts and globules become wholly or partiallv crystalliin*. Amorphous 4’admium 
sulphide has not b<‘en obM'rved in a hard, brittle, doubly refracting form like zinc 
sulphide, and when it exhibits double refraction, its refractive index approaches 
that of greeiux’kit**. 

Cadmium sulphide is used as a j»aiiit ■c<t4bniutn i/c/Zoic. jnutu’ dt. 

cmimvim- varying in colour from lemon-yellow to a (b*ep orange, Admi.xtureB of 
cadmium yellow and whib'-lead are known m eommeree as jaunv bnllant. This 
colour IS inelmeii to darken owing to the formation of black lead siiljdiide Accord- 
ing b) 0. Kollenms, the* dithTcnt tint.-* are due to the pres<*ue»* of variable' amounts 
of impiinty. but (1. BueliiuT elamied that this hypothcHis cannot be right because* 
samj)le*s with variable amounts of impurity mav have the* same* tint ; and samples 
of diffe rent tint may have the .same* amount of imjmrity. (1. Huchne*r, anel N. von 
KlobukofT hold that the* (litle*re*ne'es in colour arc due* to tin* existene'e* of two moelifie-a- 
tions -one*, a-cadmium sulphidei is letnon-ydiow, the* other, j3-oadmium sulphidpi 
IS vermiliein ; the* latter is assuiiu'd Ui lx* a jiolymcride of the* former, and variations^ 
in the* colour of e*a*liniuni sulphide* ure due to admi.xture*s of tlie-se* twei forms in 
ditferont pro|»ortions. The* vdlow variety is **11x1 to be re*adiiy j»)lyme*rize*d into the 
red variety by dil. acids and alkalie*s ; hence, on pr«‘cipitatmg soln. of e atlrnium salts 
with hydrogen siiljihide, at first the yellow sulphnle forms, but. as the libe rated imid 
comes into action, the red sulphide is ])recipiUb*d, and if tin* soln. is m id befure*hand, 
little or no yellow sulphide is produe cd. The red variety passes through the ye-ilow 
stage when disseilved m acids. tSodiuiu sulphide produces the yellow sulphiele in 
dil. soln. of a cmlmiuni salt, a reddish precipitate in strong soln., and a brick- red one 
in Ixiiling soln. Polysulphid<*s of jKitasHium or ammonium ])recipitate the yellow 
ca<lniium sulphide niix«*d with varying quantities of finely divided sulphur, which 
can be extracted by carbon bisulphide. N. von Klobukotf founel (i) the sp. gr. of 
the yellow varieties to vary from .T9()6 to 4'147, and that of re*d varieties from i'ilii 
to 4’513 ; (ii) the yellow variety to be hexagonal -tlu' re*d has not ix'cn deb*rmmed 
with certainty, but shows regular and monoclinic forms ; and (lii) the* yellow to 
change to red under the influence of friction, pixjss., heat, chcihu al age*nts, ct-c. 

The crystals of cadmium suljihide are yellow when in tufts of hair-like; needles, 
but larger crystals are brow’nish-yellow. The different colours of amoqihous 
cadmium sulphide an* due to the relative amounts of light transmitt**d and rcrtcct<*d, 
since the colour of a substance by refleeb-d light dejHmds on the char^'bT and 
relative amounts of light reflected directly from the external surfaces, and indirectly 
from internal surfaces — i.e. after having jiassed into the substaiice and been reflected 
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out. Grcenockit<i abwjrbs the blue and violet and part of the green spectral rays, 
the remainder are frecdy transmitted ; a comparatively large amount of blue light is 
directly reflect'd by the plane bright faces of the crystals about 1 mm. in diameter, 
and a small amount of red, orange, yellow, and green is reflected after passing 
through the surface layer. The combined effect of all the reflected light is a lustrous 
dark yellow to yellowish-green or dark citron-yellow. Crystals 001 mm. in 
diameter reflect about the same amount of blue light directly, and much more of 
that which has penetrati*d the surface so that the resulting colour is a brilliant 
yellow. Massed crystals with a dull surface have a light yellowish-brown or citron 
colour. The grains of powdered crystals usually have bright but not plane surfaces 
and give a brilliant orange ])owder, for there is less directTeflection, and more indirect 
relb'ction of light from tin* interior which has lost more green and yellow than with 
a powder having ]ilane-faccd fragm<*nts. The colour of the aniorjihous suli)hide 
is exjdained in a similar manner. The amorjihous sulphide absorbs mon* strongly 
in tlie yellow and green ainl, by transmitt^'d light, its colour is orange-yellow in films 
0 01 nun. thick, and yellow in films (VOOl nun. thick. The powdered amorphous’ 
sulphide with grains 0(KK)1 toO'OOl nun. in diameter is bright yellow with a tingi* of 
orangi', and with grains 0 ()0f to 0 (X)7 nun. m diameter, or compact aggregat(‘s of 
smaller globules, is luiglit orange. According to K. T. Allen and J. L. Crenshaw, 
a Holn. of about 200 c.e. of water, 4 gnus, of sodium sul]>hate, lo gnus, of sodium 
thiosulphate, and 2 gnus, of cadmium sulphab* was boih'il for some hours, and hot 
water added from time to time. The jiarticles of the lemon-yellow precipitate 
obtained after an hour's boiling were too small to measure ; but after 21 hrs.’ boiling 
the particles were 0(X)1 mm, in diameter; «is the boiling continued, the particles 
became darker and darker until the jirecipitate hml u<*(juired a dark orange colour, 
and the -jiarticles ranged up to (t tto mm. in diameter. The light yellow ]»re( i])itate 
formed by th(i action of ammonium sul|)hi<le on a (*admmm salt retain.sthe same 
colour after it has been healed so as to produce crystallim* greernx kit<' ; ami the 
latter becomes orange coloured \vhen ground in a mortar Htuiec', the difl'erenee m 
colour is not diu' to a ilifl'erence in crvstalliiK' form The ditTerenci* m the sji. gr. 
of tie* tw«) fitrms is due to tie- variation in the .sp. gr. of mtermi.vt tin's of diib'rent 
]»ro|K)rtions of tlu' crystalline and amorphous sulphides, to tlu' prest'iice of oeclud('d 
salts, and to the errors involved in the di'termination of th(' sp. gr. of vi'rv fine 
povvdi'rs. There is no reliable, evidi'iice that cadmium sulphide crystallizes m more 
than one form ; tin' dilTerent colours of cadmium sulphide an' diu' to difTerences in 
tin' size of the grains ; and G. Buchner and N. von KlobukotT’s hypothesis is 
unneci'ssary. 

The crystals of zme sulphide are dimorphous, belonging ('it her to the cubic 
systi'iii sphalerite or to the hexagonal system — wurtzite— and, according to 
C. Kriedel, the axial ratio isnic— 1 : O HlTb. The crystals of ziiu' sulphide have 
been studied by A. Sadebeck, F, Becke, J. Nolting, ?. (troth, G. vom Rath, 
A. Franzi-nau, C. A. Kenngott, C. Klein, A. Lacroix, C, Fricdel, H. Forster, K. 1)611, 
H. A. Miers, etc. Cadmium sulphide exhibits only the hi'xagonal form- gri'enoekito 
— with the axial ratio o:c=l :0‘8B)9. The crystals of eadmiuni sulphide have 
been studied by A. BreithftU])t, N. von Koksehnroff, 0. Miiggc, R. ?. Greg and 
W. G. Li^ttsom, M. F. Hcddle, H. Viard, F. Rinne, G. T. Prior, E. Sehulcr, 
R. Schneider, W. Biltz, etc. E. T. Allen and J. L. Crenshaw stated : We have 
crystallized cadmium sulphide hy every method we could devise, and have obtained 
gn^enookiU' in every ('a.se ; no cubic modification, analogous with zinc sulphide, 
has yet been prepared ; poorly developed twins of greenockite may represent the 
supposed monoolinic modification of cadmium sulphide. The cubic modification 
of ziin' sulphide crystallizes in the form of distorted dodecahedrons at about 800"^ 
from molten sodium chloride ; as a mixtun^ of dodt eahedrons and tetrahedrons 
about O’Ol mm. diameter at 3(K)'^’ from a cone. soln. of sodium sulphide ; and in 
tetrahedrons alone when kept at 200® for 1 1 days in a similar soln. The hexagonal 
form of zinc sulphide appears in prismatic, hemimorjihic crystals strongly striated 
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acrom the jirisiu fucea ; in crystals tahular parallel t-o the baao and modified by a 
different ]iyramid on each end ; and the hurdtmed ainorphuns globules from coherent 
masses of small doubly refracting; grains of wurttitc — radial forma like s«'halen blendes 
may a|)jx‘ar. Wurtrite prepanni by sublimation may appear in slender noetlles. 
or stout prisma. The hexagonal crystals of artificial j;reenockite were prismatic, 
with parallel extinction. The sublimate t'entams filaments and lUH'dles, stubby 
prisms, and Unns after lull, and after 2U23. The X-radiogram and the space- 
lattiieO „f sulphide have Ikmui pn‘viously eoiisidered (Ki>; 7S. 1. 11. H). That 
of sphalerite has been considered by W. H. and W L Bra)»^, and M. L Hujjuins ; 
and that of wurtzite. by W. L. Bra^g, and M. L. Huggiiw. The latter also con- 
sideo-'d the relation of the .spiieedattu’cs to the cleavages of these two forms. The 
cr)'8tuls of cadmium sulphide and of wurtzite are is<miorphous. and, like zincite, 
their symmetry is of the dihexagonal polar ty]M*. The a.xial ratio is nearly the same 
for all three compounds ; a : r for ZnO is 1 : 1 HUM, f(»r ZnS. 1 : 1 Goo, and for 
(MS, 1 : 1 0.32. The ciose-|)a< ked strin ture has a :r 1:1 G‘12. In the zinc blende 
form of zinc suli»hide the strm tun* is cubir, and \V L Bragg adds : 

In zinc oxide the zinc uoiins ure Hrrwii:<’><l on a face-eentred cubic lattice, of aide ft 41 A 
The oxygen atoms are on n similar lattice, dcrivisl from the former by a movement of 
translation which brings each oxygen atom into the centre of four zin<' atoinfl iirrangtsl on 
the ( onicrs of u ri'gulnr tetrahedron, d'hc trigonal axes in zinc blende an' polar. It the 
stru('ture oi wTirtzite is the .Hume as that of zme oxide, as would ajipear to be the caao, then 
m the crystals, both of zme blende and wurtzite, every atom of sulphur is surrounded by 
tour atoms of zinc u( the corners oj a rtigulnr tetrahedron, and every atom of rino by four 
sulphur atoms similarly nrrangwl ’I'he dimimsions of the Htructunvi an' also almoHt 
identical. In wurtzite, for example, the distance Iw'twts'ii neighbouring zinc atoma ii 
3 Sft ,\ , m /.me blende it is 3 h3 A. 'I’be m'arest approach of the at^oma is 2 .35 .V (H N, I'emw 
gave 2 41 A.) 'I'ho nrrangene nt of the planes parallel to the plate* (tXK)!) of wnrtxito it 
the samo as that of the planes (1111 m /me blende, the axis peqicndieiiiai to tin* pianos 
being in eacli case polar. 


W. I* Davey found that <admium Milphuh* cxIiduU' tin* fetrAliedral liexagonal 
lattice with ftide.s 4 1»1 \ . and (he near**st approach of the atoms 2 . M The 
siibjecl Ims been studied b\ (», Ewald, M b. Ifuggins, and B. Qiuinh'r. 'I'he 
pa.ssag*' from the amorphous to tin* crv.stallim; state of zinc ami cadmium sulphides 
lias been studied bv K Haber. 

The crystals of grcenockit'' may exhibit a \cr\ faint pleochroisiU^ becanse the 
ordinary ray is more strongly ab.sorbed m tie* gicen than the extraordinary ray. ^ 
In white light the pleoeliroism of single (rystuls of cadmium .siilphidi* is not per- 
eeptible, but ill tliin twin crystals it is .sci*ii b\ loiitrast in tie* two parts. K T Allen 
and .1. L. (Ven.shaw studied the triangular COrrosion figures of sphalerite produced 
bv zinc chloride, and they corndated the < hanges m tlu? ojitical properties, volume, 
and energy content of crystals of sphalerite and wurtzite ; and J. Bc< k<‘nkam]i has 
diacus.Hed tlie clo.se crystallographic relationshiji F. lieckc, and J. J, Krenncr 
studied the corro.sion figures of zinc blende with soln of alkali hvdro.vidcs or 
carbonat'*.s ; and G. Wulff, the cleavage. 

C, J. B. Karsten gave 3 b2Ik’'> for the specific gravity of zinc sulpliidc ; the 
reported values for sphalerite or zinc blende range from F A Hcnth s 4 U'k'i to 
C. Kuhlemaiin’s 407. J. Joly found from 4 020 to 1(>H2 for zinc blende 
E. Madelung and li. Fuchs gave 4 0904— I f >940 (0 ) for zme blende, and 1 UOIH (0 ) 
for wurtzite, E, T, Allen and J. L. Crenshaw gave 4102 at 2o“ (w'ater at 4' unity) 
for the sp. gr. of sphalerite, and 4 087 at 2.') /4 for the sp. gr. of wurlziO*, W) that the 
sp. gr. of the two minerals of identical composition are nearly the same, hut the 
sp. gr. of wurtzite is very slightly lower. They also found for ferruginous sphalerites : 


Per cent, iron 
8p. gr 2ft'’/4'’ 
Sp. vol. . 


Sonora 

01ft 

4*090 

02444 


Scotland. 

1 43 
4079 
02451 


Guipiixcoa 
(Spain). 
5-47 
4*030 
0 24H1 


Qn't'nHlaii'l. 

10 H 
3 98 


Un lumbruon 
(Saxony). 
1706 
3 935 
0 2541 


02513 
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B, Schuler gave 4*5 for the sp. gr, of artificial cadmium sulphide ; and for greenockite, 

C. J, B. Karsten gave 4‘605 ; H. J. Brooke, 4 80 ; A. Breithaupt, 4’908 ; 

A. K. ChristomanoH, 4 77 ; A. Connell, 4 842 ; and A. Mourlot, 4 8. According to 

B. T. Allen and J. L. Crenshaw, the sp. gr. of a sample of greenockite with 0 086 
per cent, of lead, and 0 (J02 per cent, of iron, was 4 820 at 2574*^, and it is believed 
that most of the rej)ort(id numbers are too high. Th<‘ sjj. gr. of the supimsed poly- 
meriwid forms of cadmium sulphide are indicated above. The hardness of zinc 
blende is given as varying from 3-5 to 4*0 ; of wurtzite, 3*0 to 4*0 ; and of greenockite, 
a litth; over 3. This subject was discusst‘d by A. Keis and L. Zimmermann. 
11. Frankenheini, and A. Baumgartner and A. von Ettingshausen found a maximum 
hardness on tlu! dodecahedral surface corresponding M the largest diagonal, and a 
minimum on the surface «)f the s?nallest diagonal of zinc blende. F. Exner, E. PfaH, 
and (1. Cesaro also studied the hardness of the crystals of zinc blende. E. Madelung 
and U. Fuchs gave for the compressibility of zinc blende 1 *28x10“® to 1*2!) XKr ®, 
and for that of wurtzib* 1*34x10“® megabars ])er sq. cm. K. Forsterling studied 
the elastic constants of zim! blende. 

11. Kop[i measured the coefficient Of thermal expansion of zim* blende, and 
found 0‘U0(X)36 ±0*(J0(XX)2 between 1,'')' and 47"; and for a black variety, 
()’(XXX)47+U*(XXXX)6. H. Fizeau gave ()*(XXXX)670 at 40“, or at d\ ()*(XXXX)619 
b0*(XXXXJ0128^. A. S. Herschel and (r. A. Lebour found the thermal conductivity 
of zinc bhmde with 28 per cent of quartz to be 0*08 C.G.8. unit. F. E. Neumann 
found the speciflc heat of different specimens of zinc bhuide to be 0*1132, 0*1148, 
O llbb ; II. V. Kegnault, 0*12.'X)3 between 15* and 08 '; H. Kopp found a black 
variety to have tin* s[). ht. of 0*120 between 10° and 40° ; J. Jolv, 0*1159 between 
10° and 1(X)° ; G. Lindner found 0*1140 at 1(K)° ; 0*1 153 at 200° ; 0*1 162 at .'300° ; 
and 0*1107 at3r)0". K. Bornemann and 0. Hengstenberg found the sp. ht. of zinc 
blende rises from 0124U at ordinary temp, to 0*1351 at 1KX)°. The .sp. ht. of the 
zinc-iron blendes suggest a reciprocal solubility of ferrous and zinc 8ul))hides. 
Between 720" and 7(X)°, the iron-zinc blcnd«*s show two transition juunts indicating 
allotropic forms. K. Forsterling studied the sp. ht. of zinc blende. 

Aeeording to K. T. Allen and J. Ij. Crciisliaw,'’’^ when eadmiuin snljihuh* is heated, 
its colour becomes progressively darker, until, at about 8<K)"--‘.H)0‘\ it is dark red ; 
on cooling, the sulphide returns to its former colour. Araoq)lious eadmiuin suljihide 
crystullizetl in two days at 4.'’X)°. According t<) .1. Weber, when isotropic sphalerite 
is heated in a Bunsen’s flame, and cooleil quickly, it becomes ani.sotropie ; W. Biltz 
* stated tliat when heated sphalerite changes to wurtzite without sublimation ; and 
F. Beijerinek transformed sphalerib* into wurtzit^e by heat. E. T. Allen and 
J. L. Crenshaw found that an eiiantiotropic change o(^curs at the transitioil tempera- 
tUTOt 1020° ±5°, when sphalerite or /f-zinc sulphide changes to wurtziU^ or a-zinc 
sulphide. The form(*r is stable below and the latter above the transition temp. ; 
nevertheless, both forms may be <‘rystallizcd at comparatively low temp, from 
a(|. soln. Zinc sulphide is very difficult to crystallize at temp, below 200°, and neither 
form of zinc, sulphide has been obtained in the wet way by J. Weber or E. T. Allen 
and J. L. (>renshaw. The, change from wurtzite to sphalerite is sluggish so that it 
is easy to cool the former b) atm. temp, without any transformation ; it required 
60 hrs. between 800° and IKX)° to change sphalerite entirely into wurtzite ; and it 
requirc'd 48 hrs. between 850° and 9(X)°, and 40 hrs. between 850° and 950°. The 
prt'sence of ferrous sulphide lowers the transition temp. ; thus : 

Per cent, of iron . . 0*16 1-43 6 47 10*8 17 06 

Transition temp. . . 1020® 998® 956® 919® 880® 

Wurtzite changes into sphalerite more rapidly when heated in a bath of molten 
sodium chloride than when heated in vacuo, or in an atm. of hydrogen sulphide — 
there are also signs of the reaction 2NaCl-l-ZnS™Na2S4-ZuCl2. The accelerating 
influence of an acid on the transformation of wurtzite to 8j>halerit<' is illustrated by 
Fig. 48. 0. Buchner, N. von Klobukoff, R. Lorenz, and F. Beijerinek bave reported 
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crystttlline foriiw of cadmimn sulphidt* oth<*r than git'enockit**. Tho liwt-nauuM! 
luiiu^ral in the only natural t‘ry8tjalliii«‘ form of cadmium ttulplikh'. B. T, Allen 
and J, ti. Creiwhaw Htudied the heating eurvea of (admitim sulphide, and also the 
various modes of preparation in the tjuest for a seeoiul vr\ stalhne form, hut the rt*sult« 
were negative. It. Cussak stated that the inciting (K^t of xinc blende or sphalerite 
is 1049°, and K. Frit^drich, alxiut 1660 ; but no other obs<*rver has able to 
confirm this, although many have obm^rved that the sablinuttioil tempemtnre or 
the temp, at which zinc sulphide volatilixes is near 1000 . Although cadmium and 
xinc sulphides sublime without melting, E. Tiede and A. Si'hlmle found that xinc 
sulphide melts between 180(1^ and 190t) ' when heated under 100- IftO atm. press, 
in an atm. of nitrogen, and the cold maas of wurtzite has a light greenisli yellow 
lustrous appearance; cadmium sulphide melts at about ITfiO’ at 100 atm. pri'ss. 
The cold maas was a dark brownish-yellow lustrous solid. H. St. C. Deville and 
Ij. Troost stated that zirie blende dot‘8 not volatilize at a wlnO* heat , T, Sidot, 
P. Hautefeuille, A. Mourlot, A. Ditte, A I»din, J. Percy, and K. Fru'dncli ol>served 
the slight volatility of the o.xide, and C. ZiMighelis stated that zinc sulphide is mor** 
volatile than the oxide. F. 0. I)o«‘ltz and (’. A. tlraiiiiiann fouml that zme blende 
*an<i artificial zinc sulphide are but slightly volatile at PM> , hut cojuouslv at 12lK) ' ; 
ami, a< conling to W. Hiltz, zinc blende begins to Miblimeat 1178' 1 2 , and wurtziO*, 
at 118.') ±t)'. E. T. Allen and J. L. ('nuisliaw obsiTvid no melting under any 
cireumstanceH when zine sulphide is heated at atm. press. ; dipping a tube containing 
zinc sulphide (|uiekly into a furnace at gavi* n negative result. II. lUise notwl 
that cadmium sul[)}iide cannot be Ifeati^d in a stream of hydrogen without loss ; 
If N Morse and J. White found that cadmium sulphide can be sulilimed more 
r«*adily tlian zinc sulphide, and that both sulphides suhhme undcconijMised when 
heated to redness, with their respective metals. The action is similar to th« 
phenomenon observed with the oxides, and is not due, as first su]»jK)Hed, to dissocia- 
tion, hut is purely mechanical and oci urs when jmwdered jKircelain is us<*d in place 
of the metals. VV. Biltz found that suhlimation oecCirs at 98<>“ ; ami K. Damm and 
F. Krartt observed that rapid volatilization occurs in vacuo at 77l>' 780". A Poison 
said that i admium sulphide dis.HociaO‘s at 600 . A. Ib'idusi’hka stated that cadmium 
sulphide does not alUT when cooled to — 186 ’. 

According to M. Berthelot,'^ the heat of formation of zme sulj»hide is (Zn, 8) 
solid, I.'fO Cals,, and, according to J. Tlioiiisen, tliat of < admium sulpliide is 34'36 
Cals. M. Berthelot also gave for one eq. of Zii{(^H..i().^)2 m two litres of water and ^ 
one eq. of H.,8 in 10 litres of wat«*r, 1*81 (hIk ; for dry ZnfC.jlfdlij)^ f 
-2H(J.,H.i().^;,+ZnS l-d-O Cals,; ZiiCI^^^^m -f H-A.!.. 2ncU,. f- 
ZiiSOis,,!,, ILS04 ,^,. I Zu 8 21 Cals. According to .1 Thomwui, Um 

heat of the reaction between aq. soln. of zinc nitrate and hydnigen sulphide is --1 ’Wi 
Cals , and for Cd-f S-j-wH./J f-(n - l)H.20-f.'14’4 Cals. 

The index of retraction of yellow zinc bh*nde from PicoH de Eunijia (Santander, 
Spain) was found by A. des Cloizeaux to Ik* ft~2*‘141 for Li-light, and /i- 2 .'169 
for Na*light, at 1;V’. W. llamsay found fi— 2''1416.^) for Li light, /X ” 2 ■.'1692'! for 
Na-light, and p -^2*40069 for ^Tl-light. E. T. Allen, J, L. Crenshaw, and 
H. E. Merwin found for pure sphalerite*, /x 2 8682 for Na-light, and /x 2 8988 
± 0 (KJ02 for Tl-light ; for wurtzite with the ordinary ray o) 2 '1.'1, ami with the extra- 
ordinary ray c 2*.8r) ; while the amoqihotis jeljy may give /x 2' 18 2 2.0. The 
develo})nient of double refra<*tion is the only conclusive evidence of the change from 
sphalerit)* to wurtzitt* by heat. The wurtzite Is'gins develo})mg at more than one 
iKiint, and in different orientations, and the n*sulting structure is an inbTgrowth of 
lamellee of wurtzite, and, as shown by P HauUdeuille, i»ch lamella has its jirincipal 
axis parallel to one of the trigonal axes of the sphah*rite grain . Th«* double refra<‘tion 
of a grain thus transfonned will be conditioned by the development of the four 
possible sets of lamella). J. Beckenkanip has considered that lamella) of wurtzite 
may develop parallel to the trapezohedron of sphalerite. Sucli laniellH* would out- 
crop on a cleavage face parallel or normal to cleavages or bis**cting the acute angle 
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between cleavage Burfac('S. All of the outcropping planes would be oblique to cleavage 
planes. E. T. Allen, J. L. Crenshaw, and H. E. Merwin obs^^rved no laniellae of this 
kind. The refractive indices of grcenockite were £~2’447 and co— 2’42r> for Li-light, 
and for Na-liglit €~2T>29 and £t>“2“506. The refra( tive index of sphalerite is raised 
when ferrous sulphide is present, and that of greerioekite artificially prepared is 
lowered by adsorbed impurities : 


Ter cent. FeS 

. 0-2 

8 6 

17-0 

28-2 

8p. gr. ZA . 

. 4-090 

4-023 

3-980 

3-936 

for Li-light 

. 2-34 

2 36 

2 38 

2-396 

fi for Na-light 

. 2-37 

2-40 

2-43 

2-47 

for Na-light 

. 0-336 

0-348 

• 0 358 

0-373 


G. Horn, and W. Voigt gave, for a pale yellow blemle from Santander, and a black 
blende from St. Chnsteph (Breitenlirnnn, Saxony), the refractive index /i, and the 

index of absorption, k : 


Sajitan<ier|j^ 

Hreitonbrunn 


(Mine. 

O-lliif. 

K lln.- 

F-lim*. 


2-397 

2-421 

2 430 

2 472 

2-628 

00221 

0 01 01 

0 0281 

0 0266 

0-0313 

2-434 

2-4:{7 

2 lot 

2 171 

2 659 

0-0429 

0 0620 

0 0571 

0 062.3 

0-0012 


E. T. Allen, .1, L. (jrenshaw, and II. E. Merwin observed with a sample of s|)lialente 
from Sonora (Mexico), and a sample of {uire grcenockite : 

A« 420 434 486 635 68U 630 671 760u/i 

/i- 2'617 2-403 2-436 2-309 2-360 2-363 2-340 2 320 

H Becqiierel and M. Bail!** made observations on this subject. S, y C; del Rio 
Calderon found for Na-light : 

ilir 111)' KHC 140' ISU^ 200“ 

^ . . 2-360 2-373 2 -378 2-386 2-393 2 398 

Wurtzite is optically positive ; and the double refraction is feeble- this subject 
was investigated by A. des Cloizeaux, C. Friedel, J. L. Si-hrbth'r van der Kolk, 
L. Bertrand, E. Mallard, .). Molting, etc. W. Bhillips, and A Madelung foiiinl 
grcenockite to be optically positive, and the double refraction feeble, i). lirewster 
showed that the crystals of zinc bleiuh- are optically anomalous, and the subj(‘(-t was 
investigated by R. Huutefeuille, J. Ilirschwald, K, Braums, E. Mallard. B. Bertrand. 

, II. Rose, and E. Quiroga. For wurtzite, the double refraction e- co is 0 019 for 
Li-light and 0'020 for Na-light ; and for greeiiockite these valin-s an- respectively 
0'()25 and 0 023. The curves for the variation of the refractive index of grcenockite 
with the wave-lengtli gradually approach one another since the refractive index 
(u increases more rapidly than e ; there is therefore a change in tin' ojdical sign at the 
point of intersection of the curves when /i,^2'G and A h2^)fj.n (cxtrajiolation). 
The light absorption of grcenockite was found by E. T. Allen, J. L. Crenshaw, and 
II. E. Merwin to be very small for co below a wave-length .M9/x^. and from 517 to 
511^/4 it incrt'ases to near complete opacity ; for e, absor])tion begims near 512/i/4, 
and increases to 7)06/4^1. W. W. Coblentz measured the infra-ied transmission 
spectrum for sphalerite and found the (-rystals to be transparent from 5 to 12/4, 
with slight depressions in the curve at 10, 11 ’2, and 13'2/i ; there is a wide band 
from 2‘7 to 3'3/4, and complete opacity beyond 15/4. The infra-red reflection 
spectrum was also studied by W. \V. Coblentz, and by T. Lii'bisch and 
H. Rubens. 

E. L. Nichols and D. T. Wdbur found that jmriiicd zinc sui]>hidc, like calcium 
oxide, exhibits flame luminescence. Highly purified zinc sulphide — w urtzite or 
^haleriti' — tuther shows no phosphorescence or it phosphoresces wry slightly. 
E. MacDougall, A. W. Stewart, and R. Wright showed that highly purified zinc 
sulphide can be obtained in a condition which enables it to phosphoresce ; the 
amorphous sulphide does not phosphoresce, nor does the wholly crystalline sulphide 
phosphoresce so well as a semi-crystalline sulphide. The fused sulphide was found 
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by E. Tiede and A. Sc hleede to be Ktroii{fly j>boaj>hort*aeent. The temp, to wbirh tlie 
zinc sulphide has been heated and the time of heatiuj: have the jjri'atest intl nonce 
on the phosphori*S4-ence. W. Molthan found the dielectric coiihtant is iiureahed tn 
li^ht. According to K. Thnle and A. Schleede, the etiett of a tlux in indm iiij; the 
phosphorescence of zinc sulphide Ls not due to the format urn of a iletinilo » i n '*lallmo 
form, but rather to the lowering of the m p. The pre.muue of certain imjmnties 
f ij. iron inhibits the phospbon*seence ; others- r <j. inanganeNe alter tln‘ tint. 
Tb«' prest-nce of a ehloride favours the pliosphon*scenee. m» that, as K. MaeDougail 
and < o-workers showed, samples of the sulphide made fiom zme salts nut eontaining 
• hloride.s do not phosplioresce so hnlliaiith as tliose j>rodueetl in the pnseiuc of 
< hlorides ; presumahly somt* chloride is ads<)rlH‘d as an impurity ni)t removable by 
washing cn/c the pliosphon’s«enee of the sulphides of the alkalim* earths As a 
rule, natural ziiu' lileiide does not phospluvresce. When tlie i,s()lated mineral is 
examined in a darkened room, 8. H. Mourelo hmiul the phosphorescent <• is mt»rf 
mtt‘ii*«e with dit!us«*<l daylight than with suniiglit ; W. Trenkle found ilie photO- 
luminescence to ht* favoured by toiicent rating tin* lays from an are light with a 
leic K. A llt)fmiinn ainl W. Duet a ftiuiul that the lummt'.M ciu <• is evoked by 
e\|io^ure tt» davliglit, the ini ande.M'ent light, an ligiil. Bee<jUt‘rel s lav s. and eathiule 
r.ivs. atiil II Zahn, H (iinhleii ami 11. l^>hl. that the plu>spliores« en< e can he exeiled 
in powelflll electric lieltls sav .'MHUl Vtllts per t m. M t'urie studied the etfia t of 
the letl and infra-red rays tni phospht* re scent /.me sulphide. Ih' observed that the 
^^lljlhur atoms of the X-ratla*gruiii were not inllinmeetl it was assumed that if 
these att)nis were agitated by light, there would he a dinimislietl intensity in the 
reth'i ted X-rays J L l‘e( )i found samples of /.me suljdiide w hn li pliosjdiort st'ed 
m the ultra-violet. Imt not in the infra-red ; and L 11. Lob and h Sehmiedj'skamp 
noted a tiei lease in the intensity of the phosphoresi eiiee a.s the time of exposure to 
ultra-violet liglit inerea.sed W. (Vookes, H. ll(>e<|uerel, T Tominastna, h. ('line and 
\ Dehieine, J1 Drune, and A A (luntz studied the jdiospluireseenec which zinc 
blende prodmes vvlien exjioscd t<» radium radiutioiii' The phosphorese<>nce n also 
evoked by i-xitosure to tiie sjiark d i, sc barge ; the X-rays ami the* canal rav s are also 
(dhative According to II .V Humsteail, the .scintillations of zinc blende are pro- 
iliieed bv the secondaiv ravs from lead. Aeeording to ii liecijin rel and T. Toin- 
masina, the a ravs produce a si intillatmg phospliores<-<-m e whieh rapidlv vanishes. 
AMoidmg to J. KUter and II. (o-itel, the phenomenon l.^ produced by tlie radio- 
aetiv'e emanation from the earth, ami by air vvlin h lias been |»assed over thorium 
h>dnt\'ide According to II. Jlec<juere|, the scintillation is not produc(*d bv kuiikh-* 
tioii, Init bv the impac't of the a-partn lcs of radium, and is obtained by rubbing zim* 
bh'iidc between two glass platc’s, / » tin* Hash is dm* to the cleavage of tlie crystals 
by the lM)ml)ardment with a-eorpusc|»'s, /e of tribobiinmesccm e. W ('nx^kes 
also n'garded the flash as an etb*et of tie* impact cd an a particle, it, W Wood 
found the duration of the* tbisli is bc-twee-n lo.cp) -:* ,,,„1 

shorter than the tnboliimine.scc-nt tiush so that tie* two j>lic*nomena an* not closely 
related. Only a small percentage of the* hulpliicb* phosphoresces undcT the a-rays. 
He assumc-s that the flash occurs only vvhcoi an c'lc-ctrcjii strikcxs a moli'cuie of the* 
im]uinty beeausc* the* number of a-partu les cunitted by radium far c*xec-c*ds the 
mimbc'r of flashes in the sjjiiithari.sc-opc. E Wiedemaiiii and ti (]. .Sc hmidt assume 
that the active suhstaiue is cli,s.scjciat<*cl during excitation, and that the reecnnhiiia- 
tioii of till* jeroduc ts of (imsoeiation is aceompaiiic'd hy the emission of light. iMixtun*s 
of ruclium with zinc suljjhide cmiit a gn-’enish-yellow light due tcj tin* hc>nibardmc‘nt 
of the zinc sulphide erystals by the a-particlc*s from the radium. The mixtun* lias 
been usc‘d for j)erinam*ntly illiiinmating k«iyhoh*s, tlic> hands of c locks and watc hc's, 
et<'., so tliat thc'sc’ may Is* readily seen in the dark. C Ib'iirv found ])lios])hc>rc*secuit 
zinc sulphide enhanc es the jdiotographic wtivity of X-rays. 11. Herszfinkic*] and 
L. Wertenstem have shown that the range of the a-partielc^s in zim* sulphide is of the 
order of some* liundredths of a milliiiietre. R. Pold and co-workc-rs studied the 
dielectric constant of phosphorescent zinc sulphide. 
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F. Giesel and J. Zann<*ck found the phosphorescenco of Sidot’s blende exceeds 
that of all otlier known substances. According to C, BaHkervulle and L. B. Lock- 
hart, Sidot's blende phosjjhoresces utwlcr the infiuiuicc of the gaseous emanations 
obtained when some rare-earth minerals are heat<‘d, but ])urified preparations of 
uranium or thorium give no results. According to A. B. Eakle and W. T. Sharwood, 
zinc blendes from Kapnik (Hungary), Mariposa (California), Eureka (Nevada), 
Utt'grube (Rico), etc., are phosphorm'cnt. Thesi? blendes lose the quality super- 
ficially when heated to and when roasted, this property is destroyed. Artificial 
or natural zinc blende which has been heaU'd in a stream of hydrogen acquires the 
property of phosphorescing, and A. Verneuil suggests that hydrogen possibly 
pnxluces a lower zinc sulphide which is the cause of thb phenomenon. 

T. L. Phip.Hon observed that a whit<* pigment prepared by precipitating zinc 
sulphide from a soln. of zinc sul])hat<‘ by barium sulphide, ajipeared black all day, and 
again beeaim* white at night. The powder exposed to sunlight became fawn- 
coloured, brown, and finally a dark slate colour in about 20 mms. If the darkened 
powder Iw plaei'd in darkness, it becomes wliite again in 2J to 3 hrs. Tin* jmwer of 
alternately darkening and whitening was lost in a few days, although K])ecimens of 
the powder have retained tiie property for months or years. T. L. Fhijison wrongly 
assumed that the blackening is due to the presence of an element 8(‘nsitive to light 
and which he called actinium. J. (’awh‘y assumed that some zinc oxide is formed 
during the calcination, and that this reacts with zinc suljihide, forming zinc and 
sulphur dioxide which blackens the mass. This agrees with the fact that (i) the 
sensitiveness to light is greater when the sulphide is moist than when it is dry, and 
(ii) th(' pres(>nce of magnesia rt'tards the blackening. 

Zino Nulpliido is soraotimus suhstitutod for zinc-whito as u pigment, and it has rather a 
greater covering power. The HxUphido is mode t)y bringing togt*tl»or tiio vapours of the two 
elements, and collecting the product in settling chombei’s from which air is excluded. 
.1. Cawley, and C‘. Clcrc and A. Nihoul also dowribed manufacturing procf'ssos. As a rule, 
the sulphide is not used alone, but i.s mixed with barium sulphato C. K. Claus. Hot soln. 
of barium sulpbide aiul zinc sulphato are mixed, and the washed jirecipitatc i.s dried, mixed 
with aminoniiiiii chloride, heated to rodneas, and ipienched in water, 'l lu^ product is usi'd 
as a pigment under the trmle name litttopheme. An iuinloguu.s mixture of zme sulplude and 
calcium sulphaUi furni-shes mlpikophone ■ C, R. 1’. Stoinau. Lithophono turns grey in 
direct sunlight. If mixed with lead or copjHT compounds, the {laint blaokcn.s omng to the 
formation of black leail or copper sulphide. Zino sulphide and lithophone arc colouivd 
grey by exposure to light or by bleating them to 60'^-70“. W. J. O’Hrien attributed the 
coloration to the di'oomposition of tho sulphide into sulphur and metal, but Y. Nnhizawa 
Vould deb'ct no free sulphur in a discoloured specimen, and he attnbute.s the coloration 
to tho polymerization of tho sulphide. He found the discoloration is promoted by mag- 
nesium, zinc, or calcium chlorido or sulphate ; »md inhibited by polyhydra; alcohols, 
sugars, starch, oxalic acid, tartrates, etc. 

From t he diseu.ssioa on the preparation it follow.s that tho pho8])hore8cenre of 
zine Huljiliule is dependent on the ])reaence of small traces of (^‘rtaiu impurities. 
According to A. Verneuil, and P. Umard and V. Klatt, the presence of O'lXH part 
of zinc sul])hidc changes the colour but not the inkmsity of the, phosphorescence of 
calcium suljihidc. C. A. Pierce studied the dccn'ase in phosjiiiorcBcencc jirodueed 
at temp, rising from 15'’ tp E. Wiedemann and G. C. Schmidt say that the 

phosphorescence of Bidot's bUuidc is retained up tn rXK)'^, and the glow is gradually 
extinguished. (\ Henry found the rate of decay of the pho8])horescence could be 
represented by the rule /“/qc”**, where the intensity of the light at the time t is 
repn'smikd by / ; and Iq is the initial intensity ; a and e an' constants. E. Bi'cquerel 
gave the more eouqilex formula /o ^®^®(27 18 R. Tomaschek examined 

the effect of diffen'iit modes of preparation on the sjiectrum of the phosphorescent 
light. 

L. Glemandot found that the phosphorescence of zinc blende is excited mainly 
by the rays mon' refrangible than the F-ray. A. Dahms showed that an ex^iosure 
to the nitra-n'd rays rapidly extinguishes the phosphon'scenoi* of zinc blende. 
R. Danneberg found that wurtzito phosphoresix's with light of short wave-length, 
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und tbe luminosity is extiuguisheU by heat rays. The photoluniincsi'enoe decays 
more slowly than the cathodolurnmescemx*. The |ihos{)horescence is most intense 
when evoked by I’XiKwure to the violet and blue rays ; the jjnHm rays protimv a feeble 
phosphoreseenee ; and the rays from orau^e to red produce no rt*»ult. Aciortling 
to E. L. Nichols and E. Merritt, the luminescence hi>ectruin shows two well-detiiied 
bands at A™0’507 /a and A - 0 * 432/a ; the violet band is produced by the ultra violet 
part of the arcdi^ht lH*tw«H*n iron or sine electrodes ; the ^^reen baud is most rapidly 
produc<‘d by the violet band of the are lietweeu carbon eleetnKles ; and both bands 
are produetnl by X-rays, and by ultra-violet lijtht. The phosphort'sceiiee of Sidot* 
blende dws not follow Stokes’ law. The full effect of the exciting light is pnHiuetKl 
ill three seconds. The iutAMiJK* violet fight is of short duration and dies out in on© 
or two tenths of a second ; while the fainter green light w of long duration, and it 
can Ik* detected si'veral hours after excitation has ceased. E. ls*nard said that the 
blackening which occurs when rinc sulphide is exjjosed to light is due to a tilm of 
finely divided zinc ; the blackening does not occur in the absence of moisture. 

According to \V. Tr(>nkle, zinc blende (‘xhibits tribolumin6tCenoe when tri- 
turated, coiupri-sst'd, or hammered. According to VV. S. Andrews, zinc sulphide 
pn-jtaird 111 the following manner emits sparks of yellow light wlu'ii si ratched with 
a knife ; 

Triturate a tnixtim* oi 70 parts of r.ine carbonate with 80 of llowers of sulpliur to a 
thick cream with distilled w'ater in which a little manganese sulphate has b»>cn diHSolvinl. 
Dry lh«> mass at a gentle heat, and piwk the |M)wUer in a |Mtrcelain or plumbago cnicible and 
heat to hright rtslness for 20 mins. 

The sparks do not ignite lullarninable vapours A. A. Guntz made some observa- 
tions on this subject. Tiie })henomenon was first reported by F. Hofmann m 1750, 
the effect may be really thermoluminesoenoe due to tlie heat develojied by friction. 
The tbennolumiiK'scenee i.s brilliant but rajiidly decays. AccA>rding to A. S. Kakle 
and W. 'I'. iSiiarwood, zinc lilende from Mariposa (California) exhibits a strong 
tribolumineseence. and the ore is a mixture of baryti's, and zinc bh'nde with sul- 
jdiidcs of lead, antimony, and copper. E, Wiedemann and G. 8 . Schmidt found 
many mixtures of salts are tril>olumine 8 cent- e .7 isoinorjdious mixtures of zinc 
sulphide with the sulphides of the alkaline earths. H. (iriino refers tht* triboluini- 
m'scence of natural blende to the presence of traces of manganese. According to 
U. liaumhauer, Sidot s blende luminesces if br<*athed U])on, if exjiotw'd to sb'ain, or 
if treati'd with cold or hot water; and M. 8 i*<ldig found that it luminesces when* 
cooled. According to U. Sc henek and F. Mihr, Sidot’s blende begins to luminesce 
when exposed to ozonized air, and F. Kicherz ami H. Schenck say that this is not 
due lo oxidation, L. Vanino found that a jihotographie ])late wrajiped in jiaper 
is blai'kened by zinc sulphide in eonw'tjuenee of the reducing action of hydrogen- 
sulphide vapour \i surrounded by celluloid, trausjmrent tsi Becijuerers rays, the 
blackening doe.s not occur. 

B. Pelletier found zinc suljihide to be a goml eonduetor of I'leetrieity, but, 
added M. Kiliani, only wdien the sulphide is impure. F. Beijerinek found the 
filectfical oondnctivity even of the dark varieties of zinc blende is nil ; wurtzite 
and greeiUK'kiie condm-t feebly at ordinary temp., but the conductivity inerei^s 
as the U*mp. is raised — the conductivity, aiTonling to M. Kiliani, is due. to polariza- 
tion curr<*nt« and infra-crystalline separations of zinc. G. Karsbui fouml tliat 
cadmium sulphide pn‘j)aR*d in the dry way conducts electricity feebly, but if pn*- 
pared in the wet way, it is a non-conductor. F. Bi'ijerinek found yellow gre<*nfK*kit« 
is a non-conductor, while the orange sulphide is a conductor, li. Badecker studied 
the conductivity of thin films of cadmium sulphide. G. Tammann measured the 
potential of zinc blende against the normal hydrogen electrode, and showed that in 
aq. soln. there is an exchange of ions. B. Gudden and H. Pohl found that the 
electrical conductivity of zinc and cadmium sulphides is augmented in light. H. Zahn 
measured the rectifying effect of zinc blende on alternating currents. Crystals of 
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zinc blende were found by C. Friedel and P. Curie to exhibit pyroeleciridiy surli 
that the tetrahedral surface and the corners were oppositely charged; J. and 
P. Curie observed that the crystals exhibited piezoelootridty where the tetra- 
hedral surfaces were negatively charged, and the corners were positively charged. 
W. Schmidt found the didectric COZLStant of zinc blende to be 75 ; and the electrical 
index of refraction 7*85. 13. Gudden and K. Pohl observed that the dielectric 
constant is inen^ased under the influence of light ; and that the increase with mono- 
chromatic light i.s less rapid than the increase in the intensity of light. According 
to P. Curie, zinc blende is a dielectric to which the law of the 8 Uper{) 08 ition of c.in.f. 
does not apply, probably because of li<iuid inclusions. H. Becquerel said that the 
nu^etic rotation of the ]>lano of polarization of zinc blende* is seventeen times the 
value for water. W. Voigt and S. Kinoahita measured the magnetic susceptibility 
of zinc blende. 0. Knoblauch, and B. Gudden and K. Pohl showed that zinc blende, 
greenockiti^ or cadmium sulpliide exhibit the photoelectric effect. W. Biltz found 
that colloidal zinc or cadmium sulphide suspended in water, under the influence of 
an electric current, migrated t/Cj the cathode. The coagulation of colloidal cadiniiim 
or zinc sulphide in sunlight was observed by P. B. Ganguly and N. U. Dhar. 

The chemical properties of zinc and cadmium sulphides. A(<ording to 
K. Hiittner,^^ a s])etiuien of zinc Iflcnde at <HI)()' to 850 gave olT pO tiiiies its vol. of 
occluded gases —hydrogen, 1P() per c(*nt. ; carbon monoxide, 75 (i jier cent. ; and 
nitrogen, 0 8 per cent., but no rare gases. According to A Mourlnt, zinc sulphide 
is not decomposed when heated even in the electric-arc furnace provided air lx* 
absent ; and W. Friinkel observed no change when zinc blende is lu'ated to l.'KK) 
in an utm. of nitrogen. H. St. C. Deville and L. Troost, 11. N. Morse ami J, White, 
and A. Verneuil found that zinc or cadmium sulphide sublimes when heated in a 
stream of hydrogen. P. Berthier found that hydrogen has no action on zine sul- 
phide. E. Pollacci regarded zinc sulphide as a member of those sulphides diflieult 
to oxidizi' in air. Cadmium sulphide is moderately oxidizabh* in air ; F. Janda 
said that zinc blende oxidizes in air faster than galena; and A Kiinzi* and 
K. Danziger, that it oxidizes in moist air betwe<*n 50 ' and d(M) more slow'ly than 
iron pyrites. U. Wagner found that zinc blende slowly deeomjiosc's in moist air 
with the evolution of hydrogen suljihide, and .1 Bbhm stated that it gives oif 
hydrogen sulphide between 150" and 200". A. Kichardson found that cadmium 
yellow lH*come8 paler when exposed to light in moist air owing to iU oxidation to 
the sulphate, but in dry air it is not changed. 

♦ When zinc sulphide is heated to redness in air, zinc oxide and zinc sul]»hate are 
formed. The. roasting proceeds with diflicultv, and, as F. Janda, J. KSachs(> and 
K. Richter, and L. Bemelmans have shown, the powder to b(* roasted should be in 
a finely divided state. The roasting of zinc sulphide in an atm. of oxygen proceeds : 
2ZnS'f 802->2ZnO-}-2S02 ; the reverse n^aetion has not been observed. Tlic^e is 
an unstable eijuilibrium between sulphur dioxide and oxygen m the presence of 
the catalytic agents; SO^-f 02 r=i 2 S() 3 ; and the sulphur trioxide reaets with the 
oxide : Zn()-f-803^ZnS04. There is then a definite press, of suljihur trioxidi* 
corresponding with every temp.—eu/c sulphur trioxide L. and I*. Wohler and 
W. Pluddemann give for the dissociation press, of zinc sulphate in mm. of mercury : 

tlT.’i'’ 090'* 720'* 750» 77 j’ 800* 

Press. . . 5 C 24 61 112 189 

When the temp, of the roasting sulphide rises to bright redness, the sulphate* is 
decomposed ; aecording to If. 0. Hufman, a basic sulphate is formed, and at a white 
heat zinc oxide n*sults. K. Friedrich found that sulphur dioxide ran he detected 
at and the sulphide begins to glow’ in oxygen at 602" to 775". J. W. Richards 
has calculated a theort'tical temp, from the heats of formation of the reac ting sub- 
stances. R. Hasenclever showed that the bt‘st temp, for roasting zinc sulphide is 
about 900", and the resulting zinc oxide should not l>e exjiosed to the action of 
carbon monoxide, or losses will occur through the reduction and volatilization of 
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zinc. K. Jewh found about two }>er cent, of 8ulphide>fiu)phur reniaincd in roasted 
blende, and li. Or^icr stated that well-roasUHi blende sliould not contain over 
()'25 per cent, of sulphide-sulphur. \ . Lepiari‘\ zk converte<l pure zinc suljdiide 
wholly into the oxide by roasting, but with blende <-ontammg lime, calcuuu sulphaU* 
was formed. F. Kellerinaiin. E Frost, F A Timm, Killer, K. Sihuchard, 

E. Schiitz, C. h. Plattner, F. Jauda, A. \oigt. H Hrandhorsl, H. PoinnH‘n*nke, and 

F. Truehot, have studied the roasting of blende. 11 U. llofman found ferruginous 
blendes more ditlicult to roast than blendes containing less iron, and the yield of 
sul[diate is higher ; ho did not hud it ]tossible to <'onv«Tt more than tl per cent, of 
a raw blend*' into suljihate by roasting. E. Frost and K Is'cocij studied the roastuig 
of fluoriferou.s blendes; C. ’Sander, argentifenius blendes; W. Mostowilscli, and 

Sander, barytiferou.s blendes; and (J Waring, J E. Williams, E Orgler. and 

V, Lindt, cahan'ous blendes. J. C. I'laiu v and L. W. Maryland short4'ned tlie time 
of roasting liy mixing the blende with lead Milphate. A llellinmner and W. Rudolfs 
state that ct'rtain baeL'ria, descriU'd by J. Cl. Lijiman ami c*» workers, hav** lieeii 
found wliuli are eupabh* of eouv*‘rting blende into zuu' sulphaU*, ami that th«‘ 
solubility *)f the jiroduct does not pn^vent the further a<'tion of th«' haeteria. The 
<*xidation is favoured hy th*‘ pnseiee of sulphur, ami umler sueh lomlitauiH ih*' 
badena (an coii\ert the native .siluatv and earhoiiate inl*» sulphate. If h'ud 
sulphide is present, only (Ik* zinc sulplud*' is attmked, and tlie two metals ean thus 
be separated. 

According to A. x\Iailfert.>*^ OZOne converts zme or cmlmium Huljdiide into the 
suli>hate. When zme suljihule is heated m water vapour, 11, V, Ki'gnault found 
that zinc oxide and h\(lrogen sulpinde are formed tlie deeoiu]»ositiou is mcompleU* 
except at a very high t«‘mp. in a porcelain tube, and tin* zinc (*.\ide is then deposited 
m small silky masses m that part of the tulx' from \\hi< h the steam eH( aped ; similar 
remarks apjily to cadmium .sulphide From the electrical eondm tivity (h'termiua- 
tions, 0. Weigel found for tie* solubility of zim- blende from Santaiid('r, (I tihxltr'^ 
mol }*er litre ; for artitieial erv.slals, o’U • lo ” and HDxlO"'^ mol Jier hire , for 
wurtzite, ‘J<S 82 X 10“*^ mol per litre , for greenoekit**, H’tttlx lU mol ]»er litre , ami 
for precipitated zinc and cadmium suljdiidcs, resjtectivclv 70<3 <)a 10 ‘‘ and 
t) ()()X br'Mnol per litre , L Kruner and .1 Zawadskv, nxlt*' ^’'orHd • pr^^riiol 
per litre for tin* alleged a-Zn8, and I 1 X 10' mo! per litre for /3-ZnS. \V, Hiltz 
found from ultra-microscijpK. ob.servations that the s*»lubiiiiy of cadmium suljdiide 
IS (> 0 X 10*'^ mol per litn* at lb to 18 

Cold chlorine gas, or ehlonmj waU'F, has very little lulion on zim sulphide, but* 
above 3U^ zme and sulphur ehlondes are formed ; 2ZnS ‘-Znt'lo i L » 

W. Borchers ami A. Dorsemageii stated that the action Ijegins in the wet way 
at 30 with the liberation of suljihur. and E A Ashcroft said the n'lvctum 
begins above GtX)' : ZnS'f-CL^ -ZnCI^d S. E iSeliufer observed no reaction when 
zme Idt'nde is heated to dull redness with ehloriiie or bromine. E. Killiol and 
J. Melli^ found that whi-n heated w'ith iodine m a seah'd tub' at 200 . zme, sulphide 
is complebdy transformed into zinc iodide. 11. V. Uegnault found zme blend*' t*> be 
soluble in hot rone, hydrochloric acid, with the *'volution of hydrogi'ii sulphide— 
vi^e su])ra, pri'paration of zinc sulphide. F. Strouieycr found that cadmium sulphide 
is sparingly soluble in liot dil, hydrochloric a< id, but <'asily soluble m (old eonc. 
acid ; 0. FoUenius and W. Spring made a similar observation. .1. B. Meyer con- 
verted the 8ul])hide into chloride by heating it in a stream of hydr<*gen clihnide. 
L. E. Rivot, F. S. Beudant, and F. A. Daguin found that powdered zim sulphid** is 
com])lctely dissolved when digesW for some himrs with a hot eonc. soln. of 
pota.s.sium hydroxid*' sat. w'ith chlorine — alkali hypochloritC ; 8. 8. 8adtl»*r also 
found it to be dissolved by an alkaline soln. of sotliuin liypochloritt* ; and J. L**rnberg 
by an ftlkall hypobromite soln. F. Rejiiton found zme Buli»hide decompo.s(‘s itarca 
iodide. A. S. Cushman found that unlike c«»j>per sulphide cadmium sulphide is 
soluble in a hydrochloric acid soln. of SOdtlim chtoride. 1 he chloridized roasting 
of pure blende has been previously discussed. 
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According to F. Wohler and co-workers, 20 gnlphor dioidde reacts very slowly 
;vitli zinc blende, forming sulphur 2Zn8 fS02=2Zn0-|-3S ; the film of basic sul- 
phide swultaneously formed protects the sulphide from the sulphur dioxide. 
Zinc blende was found by E. P. Smith to be completely decomposed by the 
vapour of sulphur chloride, 82CI2 ; and N. A. Orloff, and H, Feigel found that when 
dry zinc or cadmium sulphide is shaken with a benzene soln. of sulphur chloride, 
S2CI2, and the liquid decanted from the greenish-black lumps, and warmed to 70®, 
almost pure sulphur is deposited. They also found that similar results are obtained 
by digesting dry cadmium sulphide with benzene, carbon disulphide, or toluene 
•oln. of sulphur chloride. E. Patemo and A. Mazzuchelli found that sulphur 
hromido, S2or2, acts similarly, while the so-called sulphur iodide, 8212, is inactive. 
H. 8t. C. Deville and L. Troost found that zinc sulphide does not sublime in a stream 
0! hydrogon sulphide. According to A. Villiers, amorphous zinc sulphide dissolves 
in an aq. soln. of hydrogen sulphide, but the crystalline sulphide does not dissolve 
in that menstruum. 0 F. Becker found that zinc sulphide is soluble in a cold soln. 
of sodium sulphldo, Na2S, without the development of gas ; almost itwiluble in a 
cold, but a little more soluble in a hot soln. of sodium hydrosulphide, NnHH ; and 
soluble in a soln. of sodium carbonate partially sat. with hydrogen sulphide. 
P. Berthier stated that zinc sulphide combines with most of the metal sulphides — 
iron, antimony, lead — though with difficulty,, and the combinations which are formed 
do not readily fuse. L, L. dc Koninck could find no evidence of a compound of 
zinc and ferrous sulphides. K. Schindler prepared potassium zino sulphide, 
K28.3ZnS, or K2ZnaS4, by dissolving zinc sulphide in a molten mixture of sulphur 
and potassium carbonate and, after 10 mins.’ fusion, washing the cold mass with water. 
The small colourless crystals are stable in air ; and they are not changed wlum 
heated red hot in the absence of air, or hydrogen. They do not give potassium 
sulphide with hot or cold water, but the moist crystals exposed to air, slowly form 
potassium thiosulphate. They are readily decomposed by mineral acids ; with 
silver nitrate, they form silver sine sulphide, SZnS.AgoS ; and with cupric sulphate, 
they form OUpiio zino sulphide, OuS.dZnS ; but they do not react with mercuric 
chloride, lead nitrate, or thallium sulphate*. Mixtures of zinc sul[)liide and cuprous 
sulphide do not show any eutectic structure, and only a single branch of the f.p. 
curve could be observed, the eutectic point, if present, lying close to the f.p. of 
cuprous sulphide. Mixtures of the sulphide o! silver and that of zinc form a eutectic 
containing 3 per cent. ZnS and solidifying at 800°. R. Schindler also made sodium 
•zino sulphide, Na28.3ZnS, in an analogous manner. J. Milbauer pKq>arcd a potassium 
cadmium sulphide by melting cadmium oxide with potassium thiosulphate ; but 
not the corresponding sodium cadmium sulphide, although E. Schneidt'r prepared 
the latter by fusing cadmium sulphide with sodium carl)onat«' and 8ul})hur ; the 
yellow crystalline jwwder remaining afU'r washing with dil alcohol had the 
composition Na2Cd3S4, or Na2S.3CdS. 

A. Gueront found that zinc or cadmium sulphide is slightly solubh^ in an aq. soln. 
of sulphur diozide, forming a thiosulphate ; r. Berthier found freshly precipitated 
zinc sulphide dissolves in sulphurous acid. A. Rosentiehl noted that zitic chloride 
is formed when sulphur dioxide is passed into dil. hydrochloric acid holding zme 
sulphide iji suspension. According to H. V. Regnault, and M. Berthelot, zinc 
sulphide is largely decomposed by evaporation with cone, sulphuric add. 8. Glixelli 
found that the so-called p-ZnS is 4‘6 times as soluble as a-ZnS in dil. sulphuric acid ; 
he also found at 25° with A^-H2S04, 10 c.c. of a soln. of zinc blende from Santander 
contained O’OOObO grm, of zinc ; with o-Zn8, precipitated at ordinary temp, the 
soln. contained 0*0025 grm. Zn ; and when precipitated at 0°, 0 018 grm. Zn ; the 
soln. of j8-ZnS, precipitated at ordinary temp., contained 0*010 grm. Zn ; and 
precipitated at 0*^, 0*0316 grm. Zn when the aul[)hide was fresh, and 0 016 grm. 
of Zn when 5 days old — vt^ supra, preparation of zinc sulphide. A. W. Hofmann 
stated that cadmium sulphide is soluble in boiling JiV-H2S04, and 0. FoUenius, 
in boiling dil. sulphuric acid. R. Meldrum stated that cadmium sulphide is insoluble 
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in sulphuric acid. According to E. Janncttaa, when heatml with pOtlMilim 
hjdroflllpllAte, KHBO4, tine blende gives a little hydrogen sulphide. 

H. W. F, Wackenroder stated that cadmium suinUide ia yety gjvaringly soluble 
in aq. ammonia. H. Brandhorst found zinc blende la soluble in a boiling aoln. of 
ammonium aootate with the separation of sulphur. C. H. Freaeniua, and A. Ditte 
found ammonium SuUthido dissolves marked (]uantitiea of cadmium aulphide, and 
a soln. of an alkali ffolphido difisolves leas, but £. Ikmath and J. Mayrhofer, and 
C. K. Freseniua abided that the solubility is so small as to lx* of negligible importance 
in analysis. U. F. Baxt<*r and M. A. Ilines found cadmium sulnhidt^ to b«’ apprtM i* 
ably soluble in a soln. of ammonium Chloride* and P. de Clermont found l)oth 
cadmium and zinc sulpiiides'to b<‘ soluble in a lioihng soln. of ammumum chloride. 
Zinc sulphide is soluble in weak mineral acids, best in nitric add. H. V. Ilt‘gnault, 
for example, stated that it diH.‘H)lvi*s in nitric acid with tin* se]»aratJon of sulphur. 
W. Meissner, and 0. Kollenius, found caMlmiiiin sulphide to he n*adily soluble in 
nitric acid. J. Pen v found that zinc suiphide is energetically oxidized when heated 
witii an alkali nitrate, forming zme oxide and alkali sulphate. 

According to J. Percy, '•*- and P. B<‘rthier, when zinc sulphuh* is heated with 
carbon, or in a carlmn'lincd crucible, it V(flatilizes completely, leaving Is'liind ferrous 
sulpliide, if it contains iron ; he added that the zinc suljihidc is probably d(‘CompoM»d 
with the formation of carbon disulphide. According to F. Jamla, zinc sulphide is 
reduced with gn'at difliculty by carbon. H. Moissan found that zinc sulphide is 
n'duced by carbon in the electric an- furnace. W. Friinkel heated zinc blende 
mix<‘d with It) js-r cent, of carlwii in a porcelain Imat in a quartz tulw'; bi'tween 
1*VSJ° and 1350\ the porcelain and quartz were attacked, and the composition of 
the condcriKatc was ztfic thumhvale, ZnSBi,with traces of «arlK)n di8ul))hide in the 
evolved gases. V. Lindt, and V. Isqnarczyk concluded that the n*action beiwe<’n 
cnriion and zinc sulphide is to Ik* symboliztHl : ‘jZiiS |-L -2Zn f ( 'Bo. This reaction 
Ix-tween ctirlxm and tlie metal sulphides was indicated by (J. 8 t()lz<*l m IHtlll. When 
zinc sulpliide m lu-ated with carbon and lime, metallic zinc and t ah-ium Huljdiidc an* 
formed ; the n-ivcf ion is incomplete and depends on the temp •! IVrcy found that 
zinc Huljilii<ic,cvcn at a n-d lu-at.m not affected hvdry CArbon oioiido. N. I).( osteanu 
observed no ai tioii at (X m , Imt at 7.Vr there an* indn-ations of a reivction : ZnB -) COjj 
- (H) |-Zn() 1 B , with cudmmin .suljihide dissor-iation Ix'gins at about (HKr, but the 
gas exerts no cheim<al action. According to P. IhTtliicr, when zm<‘ suljihide is 
fused with alkali carbonates at a red heat, a mixture of zinc, oxide, zinc sulphate, 
and alkaline sulphide is formed. Freshly jirecipitated zinc suljihidi* was found by* 
H. W. F. Wackenroder to be slightly soluble in a large excess of aoetio acid ; and 
K. MeMruin said that cadmium sulphide is iii.Holuhlc in acetic acid. W. Friinkel 
found that when zinc sulplii<le is mixe<l with lilioOD, and heat<ed in a (juartz boat 
in a <|uartz tube, distillation begins at llfiti' , and ZnSBi is formed as in the c.as<* of 
carbon in the porcelain Iniat. U. Stutzer has studied the action of zinc- blende on 
natural lilicates. 

According to J P»*rcy,23 iron <lecomi>oae8 zinc sulphide at a bright m\ heat, 
forming ferrous suljihide and the vapour of zinc ; C. A. Graumann found the 
reaction with finely divided iron; ZnS-j-Fe~FeH-j-Zn, is practically complete* at 
1300". J. Percy continued ; the reduction with tin is more or less incomplete ; 
antimony does not reduce zinc sulphide even at a high temp. ; laid reduces zinc 
sulphide very imperfectly ; and OOP^ reduces zinc sulphide at a high temp., forming 
a reguluB, and the proportion of zinc remaining alloyed with the copper de|>ends 
on the temp, and the duration of the operation. 

E. F. Smith found that powdered zinc blende is oxidized when suspended in 
molten potaniam hydrozida with the containing nic-kel dish as anode. Cadmium 
sulphide, said C. R. Fresenius, is quite insoluble in alkali lye. 8, H. Walton and 
H. A, Scholz found that sodiom petozida with a trat-e of potassium persulphate is 
a convenient medium for opening up zinc blende for analysis. Aecorai^ to 
P. Berthier, zinc sulphide and calcfnm OZida decompose one another only in^tha 
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presence of carbon ; but J. Percy obtained some decomposition when lime and zinc 
sulphide were heated together ; and E. Prost found that eq. quantities of lime and 
zinc sulphide react at 1200°, but with 75 per cent, excess of lime, decomposition is 
complete at 1250°. P. Bcrthier stated that zinc oxide does not decompose zinc 
sulphide, but the two components form a zinc oxysolphide which is fusible at high 
temp. C. Korsten reported a ciy'stalline incrustation, Zn0.42JnS, on a Freiburg 
furnace, but J. J. Berzelius pointt'd out that the analysis of C, Kersten did not 
justify the proposed formula. The mineral voltzite examined by A. Breithaupt, 
J. Fmuiiet, J. F. Vogl, ek., has a similar formula. F. Beijerinck regards voltzite 
as an i8t)morphouH mixture of wurtzik and zineik. C. F. Rammelsberg, and 

J. A. Arfvedson obtained what they regarded as zinc oxysulphide, ZnO.ZriS, by 
calcining zinc sulphak in a stream of hydrogen. The product wa.s probably a 
mixtun^ of oxide and sulphide. From J. Percy’s experiments copper OZide and 
zinc sulphide app<*ar to decompose each other, forming a butkn of metal and a 
regulus. P. Berthier found that with lead OZide, sulphur dioxide, lead, and zinc; 
oxide are produced, P. Berthier found that at a whik heat, manganese dioxide 
and zinc sulphide furnish Hulj>hur dioxuh;, zinc oxide, and manganous oxide. 
V. Lindt, and V. l>*piarczyk found feiric OXide reacts quantitatively with zinc 
sulphide at IIKX)” in tlie absence of air, probably 2F<'2()34-4^nS=4FeO-{-Zn-f 3ZnS 
•pSOg -dKeS-f Fe-|-4ZnO-|-8(L ; and if carbon is also ])rcsent, Fe203d'2ZnS-}-4C 
=2Fe-}-2Zn-| '5('0 1 (’S2. It i.s possible that the ferric oxide is first reduced by 
carbon to ferrous oxide and iron, which then react with the zinc 8ul])hid<*. 

J. Lemberg^^ found that an acid soln. of silver sulphate reacts with zinc suljjhide, 
forming silver sul[)hide ; F, Raschig observed that a boiling soln. of CUpric chloride 
converts zinc blende into ziiu; chloride, and cu]>ric sulphide ; and zinc bhmde with a 
soln. of cuprous chloride in sodium chloride is incompletely converted into zinc 
chloride and cuprous sulphide. E. Schurmaim found ])n‘cipitated zme sulphidi', at 
1(KJ“, HMicts compl(;kly with soln. of cupri<‘ sulphak, cadmium sulphate, staunous 
chloride, ami lead nitrate, hut not with soln. of ferrous sulphate or thallium 
nitrate l 1**' found that cadmium sulj)hide is (•o!U]»let(‘ly de<‘()m])o,H(‘d hy a soln, 
of cupric sulphak, ])artia)ly with stannous chloride, and not witli lead acetate, 
zinc sulphate, nickel sulphate, or tartar emeti^ Hot soln. of ferric chloride were 
found by H. Brandhorst to be reduced by zinc sulphide ; G. de Bechi and 

K. W. Riie.kor found that zinc sulphide is soluble in ferric sulphate soln and the 
lutkr are reducuid ; and J. Perino found that with ferric nitrate at 1.5(»' to 200°, 
•■zim; sulphide is oxidized before ferrous sulphide. According to E. A, Purnell, when 
an intimate mi.xturc of zinc sulphate and sulphide is hoakd, zine oxide and sulphur 
dioxide are formed ; ZnS-f-3ZnS04— 4Zn0-|-4S02. 

R. Moldrum pre[)ared colloidal cadmium sulphide by the action of hydrogen 
sulphide on a dil. soln. — containing say OOlb ])er cent, of cadmium sulphide ; \V. BiJtz 
also made colloidal zinc ami cadmium sulphides. Colloidal zinc sulphide can be . 
])repared in a similar way. As shown by P. Donnini, and J. Hausmann, the ordinary 
amorjihous precipitak forms a colloidal soln. as the adsorbed salts are removed by 
washing. G. Winssinger obtained colloidal zinc sulphide by passing hydrogen 
sulphide into water with zinc hydroxide, or ordinary precipitated zinc sulphide in 
suspension. J. Thomsen obtained the pah‘ opaleacent soln. by the action of an 
alkali hydrosulphide on a dil. soln. of zinc sulphak. V. von Zotk, and L. W. McCay 
used a similar process. L. Vanino and F, Hartl prepared a gold-yellow clear 
colloidal cadmium sulphide by treating with hydrogen sulphide a soln. of 0 2 grm. 
of cadmium sulphak in a litn' of wakr. E. Prost precipitakd cadmium sulphide 
by treating an ommoniacal soln. of cadmium sulphak with hydrogen sulphide, and, 
suspending the well-washed precipitak in wakr, treakd it anew with hydrogen 
sulphide. According to J. Hausmann, if a soln. of sodium suljihide in 5 per cent. 

^ gelatine, agar-agar, or 8tarc;h he brought in contact with a dil. aq. soln. of cadmium 
salt, BO that the one soln. can diffuse with the other, a golden-yellow layer of the 
colloid is formed. Colourless or yellow ammonium sulphide does not work. 
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A. Muller obtained colloidal *inc sulphide by allowin}? a mixture of line sulphate 
and glycenjl to stand in contact with amrmuuuui sulphide for three days. 

Freahly prec4)itated line or cadmium sulphide w often oolkiidal and contains 
adsorbed water ; and it then dissolves in acids more reailily than the dried sulphide. 
H. Rfdnsch found the coagulum retains some chloride when precipitated from soln. 
of line chloride A sample of precipitated lino Sulphide dried at 1U>"’ was found 
by P. L. Geiger and K. L Keiinann, and 11 . W. F. Waekenrotler to have the com- 
|M)sition iJZnS rH-iO ; H. W. F Wackenroder. H. Wagner, and A. 8ouchay found 
samples dried at 1(K)" had the comjiositiuu 3 ZnS j HoO ; P. L. Geiger and 
K. L. Keiinann, and A Stmehay, the composition tZiiS fHoO ; and by the action 
of hydrogen hulphub' in air-dried zinc hydroxide, ZnS | oil A). K. Sthiiuller 
obtained crystalline plates of a hydrate by the actum of a very slow curnmt of 
hydrogen .Milpbide on a soln. of zinc .sulphate. When dried at 37 . the composition 

was ZnS f ll.^O. S K. Limb r and H. IVton found tin* coiiijmsition of the air-dried 
pn‘cipitatc corresponded with 3ZnS2H20. For the heat of livilration of zinc 
sulphide, vule Hupra. According to W. Kiltz, when 1 e c. of a tolloidal soln. of 
cadmium sulphide is treated with two or three drops of a I'olloulul soln. of HuTTiO 
hydroxide^ veliowish-brown floc( uies art* forim'd : colloidal al umini um hydroxide, 
chromic ^*droxide, or zirconium hydroxide gives a jinHipitute , and colloidal 
cerium hydroxide gelatinizes tlu* soln Plant and animal lihres are coloured 
yellow by a colloidal soln. of cadtimiin Hulplmb* L. V'anino and F. Hartl found 
that when liKi e e. of a colloidal soln. of cadmium sulphule with grm. of 
('iulmium suljdiate an* treated with 3 grins of barium siil|>hafe. u colourless tiltrate 
is obtained 

'I'liere an? doubts about the individuality of zinc hydrosulphide, Zn{Sfl)o, or 
cadmium hydrosulphide, ('dfSlI)^ J. Thomsi'n added 2 eq. of sodium hydro' 
.^uljdude to one of zm< .sulphate ina«{ soln . and iditamed an opah*seent liipiid wdiich 
when treatt'd with .u ids or sodium hvtlroxule gave a preeijiitate which lie n'ganh'd as 
iiHiliTsrfu’inhrficr zini' h\ drosulphide When the .soln is allowtsl to stumi some hours, 
a precipitate is formeil whudi re<lis.s(d\es when lieatcd ; he said it- is probable 
that sodium suljihitle and h\tlrosulphide Is-have similarly towards a soln. of 
/me sulphate, and that zinc hyilrosulphide dissolves iii a soln of sodium hvdro* 
'•ulidiide like zinc hydroxide does m a soln. of sodium hydroxide V von Zotta 
.Aat<*d that .(. Thoniscrrs hydrosulphide has the h.rmiila ZiifSllj^.^ZiiS, «)r Zn-jH^Si. 
The production of this .sub.stanco explains the evolution of hydrogen sulphide when 
an alkali hvdro.sulphule i.s a<lded to zuic sulphate H. Hauliigny prepared the » 
hydrosulphide from soln. of the acctat<! either bv the action of hydrogen sulphide or 
ammonium .sulphide. According to M. Kerthelot, the precipitation is inromplcto 
with the chloride or suljihate. The supposed ziiu- and cmlmium hydrosulphides 
have been .studieil by S. K. Linder and II. Iheton. J. M. van Hemmi'len said that 
the su})posed zinc or (?admiutn hydro.sulphide is not a true chemical compound. 
According to L. W. McCav, zinc sulphide or zim* liydrosiilphide precipitated from 
alkaline soln. of zinc salt^ by alkali hydrosuljdiide is soluble in an excess of the 
reagent much as zinc oxide or hydroxide dissolves m alkali hydroxide. The analogy 
leads to the a.ssuniption that an alkali sulphozineat**, K2Zn82, is formed : Zii{BH)2 
b 2 USlI=R 2 ZiiS 24 - 2 H 2 S. The alkali BUlphozincate, however, must be very 
unstable, for w’heii com*, mineral salts are added, zinc sulphide or hydrosulphide 
gradually separates out in a slimy form. Zinc hydrosulphide preeijutaU'd from 
alkaline soln. by hydrogen sulphide, dissolves when the current of gas is f ontinued 
for some time. 

H. Sc'hiff tn*ated a neutral soln. of a zinc salt with jiotassium jientasulpliide 
and obtained a whiU? mass, which, when washed, preswd, and dried over suhdiuric 
ai’id, furnished a straw-yellow anhydrous iimss. The analyws agreed with 
pentXSOlphidSy ZuB^. When heated in the absence of air. it de(x>mposes into the 
monoHulphide and sulphur ; it also dissolves in acids with the evolution of hydrogen 
sulphide and the separation of suifihur. He also prepared orange-yellow Otidinilltn 
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pUltllllllMlidi. CdSft, in a similar manner. 0. Follcnius believes that these products 
are mixtures oi the monosulphides and free sulphur. 
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§ 16. Zino and fiadminm Sulphates 

G. W. Schwartze ' has stated that zinc sulphate, or artificial white vitriol was 
known near the end of the thirteenth or the beginning of the fourteenth century, 



ZING AND eADiaUM 


m 


but, according to J. Beckmaun, it was not known before the middle of the sixteenth 
centur}', and it was tirst made at Rammelsberg or at (toslar. He said that the white 
vitriol which i« produiMni in the mines at RammelHtK>rg in the form of icicles gave 
rise to the discover)’ and manufacture of the salt. The native white vitriol was 
packed in casks and called The salt was known as UuUUiensieint (lo/ds* 

ttein, and CalUzen^ein. Thest* terms were also a})}tlh d to green vitriol - }> 0 Ksibly 
derived from galls, U’cause vitriol and galls wen' umhI in making inks and in dyeing. 
The colour of the early pn'parations mentioniHl by H. Ikx'rhaave wen* green, owing to 
the j)resence of impurities. G. Agricola called it charninthum mniiulum or o/ro- 
futonmn; U. Gesner called it o/rarncn/fim album, and it was lnt<*r called 
Erzalum, mtriolum album, tahtle vitriol, whitf coppt'tas, rinc ci/no/, etc. N. Lemory 
(IT'V'j), L. Ix’incry (1707), and E. F. Geoflfn)v kin*w that siilphunc ai id is one of its 
constituents, but they won' not clear aliout the basic <'omponent. J. K. Henekel 
found that white vitriol contains zinc, and G Brandt showed that it (‘onsists of 
suljihurir a<'id and zinc oxide. J. Hellot continued thm conclusion. 

Acconiing to A. Bnuthaujd,* inicros<’opK* cry.stals of zme suljiliate occur as the 
mineral ziticosite in Sierra Almagn'ra (Spain) ; it was said to U* isoinorphous with 
lead ami barium sulphates. H Brandhorst found crystals of zinc salphat 4 ‘ in the 
flue (lust of furnaces roasting zinc sulphide on‘s. There an* <loubts al>out A. Breit* 
haiipt’s mineral, but heptahydrated zinc sulphaO*. ZnSOiTH.d), occurs as the 
mineral ifoslarite, in the paKsagc.s of mines Goslar (Harz), Schemnitz (Hungary), 
Fahitin (Sweden), Holywell (Wales), ef^* - -and is formed by the ibT^imposition of 
zinc bli'iide. It was described by ,1. G Wallcnus ; and analyrs'd by F. 8 . Bmidant, 
and M. II. Klajiroth. F. S. Beudant called the mineral ijalUizenitv, but 
W. Haidmger’s term (joxlaritv is generally ^•mplo\ed. A form of goslarib' in which 
zinc, is partially replaced by ferrous iron m called /crns/wbin^’. It is found in tbo 
drainage of some mines L, Valmeri found crystals of the hejitaliydrab'd zinc 
huljdiate among the sublimation products from Vesuvius. 

In addition to anhydrous zinc SUlphlUa, ZnSO^, bydrab's have lM»<*n repor(<'d 
containing 1 , 2 , d|[, G, and 7 mols of wat<‘r per mol of sulphate. ; and besides 
anhydrous cadmium sulphate, (ilS 04 , hydrat 4 H with J. 1, IJ. 2J, 2^, d, 4, 7, and 
y iiiols of wat 4 T per mol of Huljdiat 4 ‘ hav 4 * been r<*port 4 *d. Not all thesi* liydrat 4 'a 
can be regardc'd as eliemical individuals, H G. Denham < irculat 4 *d a soln, of 
cadmium sulphate over granulated cadmium for Hev«Tal days, and, after 40 hrs., 
fern like crystals of cadmium wer»‘ observ 4 *d t 4 ) w’paratc at the lM)ttom of the column 
of cadmium. It was therefore inferred that the bivalent cadmium is reduced to^ 
univalent cadmium: (’d (’dj, 8 () 4 , an 4 l that the cadmium subsulphtte, 

Cd 5 iS 04 , in soln. immediat4*ly decompow’.s into ordinary ea^imium sulpliatA* and th« 
mct^l. 

Anhydrous zinc suljihate is made by heating the hydrated salt, H. 0. Hufmaii and 
CO- workers ^ said that 203 ’ was the Iow«'st t 4 ‘mj» at whic li tln‘ salt can be deliydraU'd, 
and that aft 4 T 2 grins, have Ix’en h«*atod 30 -fo hrs., 0 24 per C4*nt. of water still 
remains. F.- Krafit stated that the heptahyilrate can be eomplet 4 ‘ly (hdiydrated 
in vacuo at 210 '’. A. de SchulOm showed that instals of anhydrous zinc or 
cadmium sulphate can be obtained by the slow evaporation of a soln. of the 
sulphates in cone, sulphuric acid ; and anhyilrous ca<linium sulphate, by melting 
cadmium with ammonium or potassium pi’rsuljdiatc. P. Kiobb ina<le anhydrous 
zinc sulphate by heating a mixture of ammonium sulphate and the heptahydrate, 
and A. J. Boult by heating zinc earths, zinc oxide, <*tc., with ammonium sulphate 
in closed vessels at 300®-f)00‘^ ; and the lnt<?rnational Chemical Co., by melting 
and roasting zinc sulphide with alkali bydrosuiphate. 

A soln. of zinc sulphate is obtained by dissolving the metal or the oxide * in dil. 
sulphuric acid. Similar results are obtaineil with the carlionate and hydroxide. 
Zinc sulphate is made by roasting zinc blende and eva^wrating the sf>ln. in dil. acid for 
crystallization. F. Ellershausen and R. W. Western r^’commended extracting the 
roasted ore with a soln. of ammonium sulphate in sulphuric acid. J. Knobloch 
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recommended purifying the boiling 8oln. of zinc sulphate by adding sufficient zinc 
fluoride to precipitate; all the calcium and magnesium^ but an excess should not 
be used, or if used should l)e removed by gypsum. Zinc oxide, mixed with wafer 
is then added, the whole is left for a day, with occasional stirring, then filtered’ 
acidified with a little sulphuric acid, and the filtrate evaporated till it begins to 
crystallize. If the crystals contain chlorine, it is necessary to recrystallize 
from wat<*r, E. van de Vyvere, F. Stolba, H. Prunier, and C. J. Bender have 
deMc'rilM'd methods for the purification of zinc sulphate— ifuk purification of zinc, 
C. H. Kuzoll and J. R. Marston discussed the purification of zinc sulphate from 
arsenic. The crystallization of the aq. soln. of zinc sulphate at ordinary temp, furnishes 
tlw beptsbydnted zinc sulphate, Zn804.7H20 ; and ^oln. of cadmium sulphate, 
octetritohj^ted cadmium sulphate, CdS04.^'H20. E. A. Partridge prepared 
highly purified cadmium stilphaU' by adding a small excess of sulphuric acid to a 
sola, of purified cadmium nitrate, evaporating to dryness, and heating the mass 
until the fumes of sulphur dioxide ceased to be evolved. The residue i.s then extracted 
with water, the soln. crystallized, and the crystals dried for G hrs. at 2()0°. 

According to (1. von Hauer, ^ J(X) ])artH of a sat. soln. of zinc sulphate at 18°-20® 
conUin 3r>‘'iG parts of the anhydrous salt. Other olwervations on the solubility 
of zinc sul])hate have lM‘en made by C. J. B. Karsttm, E. Tobler, A. B. Poggiale, 
H. G, F. Schro<ler, H. SchifT, G. J. Mulder, etc, L. C. de Coppet, F. Rudorff, 

F. Guthrie, and G. Bruni made observations at lowt<nnp. The Is'st representative 
values for the percentage solubility in water, with the corresponding solid phases are, 

Solid phiwo . . . -Q'’ 0-r 91® 16® 26® 35“ 39® 

ZnSOi.TH.O . . 28*21 28*64 32*01 33*81 36*67 39*98 41*21 per cent. ZnS 04 


H. L. (^allemlar and H. T. Barnes give 39 0'’ for the transition temp, of the hepta- 
and hexa-liydrates ; and A. Etard gives 70'()° for the transition temp, of the hexa- 
and mono- hydrates. 


Per cent. Zn8()| 
Hoi Id pluiitc 


W)- 

43 46 


70 ’ 

47*6 


80 ’ 

46*4 


fiO’ 

46*6 


zitso^.eUjO 


100 ’ 1 * 20 “ 137 ’ 109 “ 

44*7 41*7 38*0 30*0 


ZnSOi U,0 


171 ’ 

29*0 


L. 0. de ('op])et givi's for the unstable system at —715'’ and — 10 T, respectively 
38’ 10 and 30" 70 jier cent. ZnSOi with ice as the solid phase ; and E. Cohen gives for 
the unstable hexahydraO* at —5'’, 0*1'’, and 25'’, 
iH'spectively 32 01, 3,3’ 10, and 38' 93 per cent. 
ZnS04. The data are plotted in Fig. 48, to show 
the ranges of stability of the different hydrates. 
H. L. Callendar and H. T. Barnes represent the 
percentage solubility, 8, between O'’ and 39'’, by 
N -29’5-fO’27()fi+0‘000()8fi*. E. Cohen also cal- 
culated formula) for the solubility over definite 
ranges of temp. C. R. Schulze noted a maxi- 
mum in the solubility curve k'tween 10'’ and GO'*, 
and A. Etard followed the curve for the decn'asing 
solubility of zinc sulphate up to 171°. E. Cohen 
and L. R. Sinnige give 57’95 per cent, for the 
solubility of heptahydrated zinc sulphate at 25° to 
26° under one atm. preas. ; 58 38 per cent, under 
500 atm. press. ; ana 67*55 at lOOO atm. press. 

Accoraing to R. Schindler,® and J. B, Han- 
nay, and T. Graham, mondhydrated line nil- 
phate, Zn804.H20, is formed when the heptahydrated salt is dried m air at 
100°, or in vacuo over sulphuric acid at 20°. F. Krafft also made the mono- 
hydrate by 15 hrs.’ drying m a vacuum desiccator at a summ^’s temp. (Ratals 
of the monohydrate aim separate when the sulphate is deposited from a boiling sat. 
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Fio. 48. — Solubility Curve of 
Zino Sulphate. 
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«Qlii.^-viye Fig. 4B~-4be oom|>o«lion of Uie crystAla, Mid 8. Oolmi, femaim oomUnt 
when allowed to ataiid on the wate^hath (or a long time. A. ttard made the mono- 
hydrate by heating to dOO"* an exoeaa of conr. sulphuric acid with a eat. loln. of 
fine sulphate, and cooling. R. Schindler found tliai cr}nital8 of the heptahydmte 
at 50*^ crumble to a white fMwder, which he rt>garded as dih|4rttMl Mne jnlphgtlb 
20804.2140 ; he also obtained a crvstalline crust of cr}^tals with the sante com- 
position by evaporating at 100^, a soln. of sine sulphate with an excess of sulnhurio 
acid. A. Rtaru also obtained crystals of the dihydrate from a soln. of sine sulphate 
at a temp, over 81". J. B. Hannay, and 0. B. Kiilin obtained a similar product as 
a crystalline poader by adding sulphuric at*id to a l)oilm^ cone. soln. of sine sulphate, 
E. F. Anthon, and R. J. Kape obtaintMl rhonilmhedra] vrvHtals of bmnihoptahjoratid 
ihlO lolphata. ZnSO^.SJHjO, mixtHl with crystals of the heptahydrato, by allowing 
a cone. a<j. sola, of sine sulphate containing a little fnn* and. to stand for some time 
at O'". J. B. Hannay’s study of the heating curve.s led him to supjHvie that this salt 
is trihydntad tine inlldu^ 20804.3140. K. Schindler (obtained a crust of 
crystals of what he n^garded as pentahydnted lino inlphate, ZnS04.r)140» by 
evaforating the soln. of sine sulphate between and fiO". 0 B. Kiihn also prt?- 
part'tl the same com|K)und by Iwiling the finely jmwden'd ln*ptaljydrrtte with alcohol 
of Sj). gr. (r8.^fi; the pasty mass stdidifies to a hard crystalline substance with a 
waxy fractun*. J. B. Hannay obtained the {lentahydrate in a similar manner. 
E. Mitscherhch, and J. B. Hannay found that crystals of hoxfthydntod lino ini- 
phaiOt ZnSOi.fiHaO, separato from atj. soln at a temp, over .‘H) ' ~ J. (\ 0. dc Marignac 
said According to E. Mitscherlich, also, a crystal of tlie heptahydrato 

when heated over 52" ls*comes opa<[ue lu'cauw’ it is thendiy convert-ed into an 
aggregate* of amall crystals of the hexahydrate* ; K. Wiedemann convcrU*<i the 
crj'stals of the heptahydrato into those of the hexahydraU* by heating at 611", 
E. Cohen gave .‘18 75" for the transition temp, by vol. ni(*asur<»mentK, .38.50" by 
solubility measurements, and by canductivily measun'inenta. H. L. (Jallendar 
and H. T. Barnes gave 95" for the transition temp. ; H. T Barnes, and H, T. Barnes 
and H. L. Cooke gave ,39 95" from solubility det<'rminations. and 3H 75" from 
mea.suremcnts on the e.ni.f. of a Clarke's cell. L. de Boisbaudran observed a change 
in the character of the crystals of the heptahydraU* b<‘tw«'en .50" and fiO" ; and 
R. Hollmann, at alwmt 40". 

The solubility (»f cadmium sulphate in water has lM*en meaHun*d by V. Kohn* 
stAinin And E. Cohen,’ H. von SU'inwvhr, J. Kop|M*l ami A. GuirijK'rtr., H. B. Hols- 
l)o<‘r, etc. R. Mylius and R. Funk s values for the |H‘rccntage solubility for the 
heptahydrate as solid phase, are 44'.5, 46i, and 49 5 |K‘r c^^nt. (VlKOi resp(‘ctivel^ 
at "17°, —10°, and --6°. The liest reprew‘iitative values for the 2| hydrate and 
the raonohydrate are : 

-IS’ 0* 20* 40* 74* 77* K5" HMC M2* 

CdSO, . . 4,3*35 43-01 43 37 43 09 46-70 42 2 .306 37 8 37-0 

SoUdphMi*. (MSO.XIHjO CdSO, H,0 

The transition point for CdS04.2|H20 by F. Mylius and R. Funk is 74°, and for 
CdS04.H20?=iCdS04-fH20 is 112°; for the latter, N. Worobieflf gave 104°. 

A. l^tard’s values at 120°, 160°, and 200° are res|)ectively .3r.5(), 16*70, and 2'25 }M‘r 
cent. ZnC04, and the solid phase was not determined. The observed n*.sultM are 
shown in Fig. 49, which shows the rangi^ of stability of the different hydrates. 

B. Cohen and L. R. Sinnige found for the solubility at 1, 500, and KNJO aim. press, 
respectively 76*80 (25°), 77*85 (25°), and 78*79 (25*6°) per cent. CilSfV P. Kohn- 
atamm and E. Cohen reported a change in the solubility curve of cailmiurn sulphate 
in water at 15°, but H. von Steinwehr found the curve to be continuous between 
13*7° and 25°. B. Cohen and J. J. Wolters found a minimum in the solubility curve 
of Cd804.2jI40 at about —9°. The number of grams of CdSO* KX) grms. of 
sat. soln. in the neighbourhood pi this temp, waa found to be 43*047 at — 3*00° * 
43*020 at -6*00° ; 43*008 at -9*00° ; and 43 029 at -12*00°. 
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0. B. Kuhn * prepared rrystals of what have Iwen regarded as hBmihydlfttdd 
golphAte, CdS04. JH2O, by decomposing a third part of a soln. of c^inium 
sulphate with pota.Hsium hydroxide, and boiling the 
product with the remaining two-thirds of the soln. 
According to the same authority, crusts of ill- 
defined crystals of monohydrated cadmitim sulphate, 
CdS04.H20, are obtained by evaporating a soln. of 
cadmium sulphate containing an excess of sulphuric 
acid ; and i). von Hauer obtained the same hydrate 
by adding cone, sulphuric acid to a boiling soln. of 
cadmium sulphate. Jl. Ly<(00ur added an equal vol. 
of sulphuric acid to a sat. aq. soln. of the sulphate. 
F. Mylius and H. Funk obtained crystals by evapor- 
ating the neutral a(|. soln. between 80'^ and 100°. 
II. (y. .lones and H. F. Bassett, and N. Worobieff 
crystallized the soln. at 1015' to 101’ nde Fig. 49. 
(J. WyroubofT prepared the monohydrate by heating 
the ordinar)^ sulj)hate with twice the amount of sul- 
phuric acid at ,*k) ’ 40°, if more sulphuric acid be used, the crystallization is con- 
ducted at a low'cr temp. N. VVorobiefT claimed to have made nionoelmic crystals 
of henutrihydrated cadmium sulphate, (MH()4 UIU), by crystallization from a 
soln. of zinc-free cadmium oxide in dil. sulphuric acid. Octotritahydiated cadmium 
sulphate, crystallize.H from sat. .soln, at ordinary teiiq). J. W. Ketgers 

suggests that the oetotrita hydrate is really trihydrated cacimium sulphate, 
CdS()4,liH2fb and this is not outside the limits of the experimental (‘rrors in tiu' 
various analyses which have been report'd. F. Stromeyer’s ob.servations agree 
with the f(»riiiula (’dSO^ IH2O ; (\ F. Hamnielsberg’s, N. Worobieff’s, and II. Kojip’s 
with (MSO^.-'lILO; (!. von Hauer’s with ('<1804.2511.20. K. .Mylius and U. Funk 
considi'r that tetiahydrated cadmium sulphate, ('dS()4 41L0, inay possibly exist 
since cuilmium sulphate forms rnixi'd crystals with t«‘trahydrated manganese sul- 
phate, H. besemur also reported the formation of the tetrahvdrate. H. Rose 
obtaiiK'd (Tystals of what he regarded as hemipentahydrated cadmium sulphate, 
(M8O4.2JH2O. by crystallization from a hot soln. of the sulphate- F. Mylius and 
R, Funk doubt tin* existence of this hydrab*. According to Mylius and li. Funk, 
a crystalline powder of heptahydrated cadmium sulphate, (.’<1804.711,0, is olitamed 
by rajiidly cooling to 0° a soln. of ca<lmium sulphate, sat at 70°, and then lowering 
t‘lie bunp, to -20", and rubbing the sictes of the v<‘s.s('l with a glass rod. H. 0. Jone.s 
and H. P. Bassett claimed to have nuule enueahydiated cadmium sulphate, 
Cd8()4.9H20, by crystallization at a very low temp. The product is possibly a 
mixture of the cryohydrab* and ice. The mono-, hexa-, and hepta-hydrates of zinc 
and cadmium mlphatcs, and the octotritahydrale of cmlmium sulphair are the only ones 
ivhoae individuality can Ih" reyarded a^ definitely eMablished. 

A. de Schulb'n* prepared CTlTStalSof anhydrous zinc and cadmium sulphates in 
rectangular plates ; the cr)’8tal.s of the two salts are i.somorphous, and belong to the 
rhombic system. P. Klobb obtained colourless octahedral crystals of zinc sulphate. 
According to H. WyroubolT, the crystals of monohydrated caiimium suljihate belong 
to the monoclinic system, and have axial ratios o : ^ : c-~l ()07() : 1 : r718(), and 
LV. (I F. Kammelsherg also found the crystals of octotritahydrated 
cadmium sulphate to belong to the monoclinic system, ami have axial ratios a:b:c 
=«0*7992 : 1 : 0’69(K), and /3- -117° 58' ; C. F. Ramnudsberg said the crystals arc iso- 
morphoua with duly niiuin and yttrium sulphate's ; H. Kopp, and H. de Senarmont also 
have made observations on thew' crystals. G. Wyroulioff found that the prismatic 
ciy’^stals of hexahydrated zinc sulphate In'long to the monoclinic system and have 
axial ratios a :b: r— 1*3847 : 1 : 1*6758, and j3^98° 12' ; J. C. G, de Marignac showed 
that the crj’stals an* isomorphous with thost' of the analogous salts of magnesium, 
nickel, and cobalt. E. Mitscherlich supposed the hexahydrate to be a dimorphous 
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form of the heptahydrate. L. de Bobhaudran found that when a aoln. of line 
sulphate is aeediHl with the tetragonal form of hexahydrated niohel sulphate, a 
tetragonal zinc salt is produced. The crystals of goslarite, or heptahydrated zinc 
sulphate, are bisphenoidal, belong to the rhombic system, and, ai'coniing to 
H. J, Brooke, have axial ratios rt : 6 : r--0 U8(H : 1 C. F. RammelslxTg 

studied mixed crystals of heptahydrated zinc sulphate with the isoiiu>r]>hous sulta 
of magnesium, manganese, cojiper, and iron. This subject has also Uhmi stmlied by 
K. van Hauer, H. Schiff, L. de Boisbaudran, J. Lefort and J. NicklAs, M. Si'hiiuflfele, 
H. Vohl, (’. Weltzien, J. Grailich, J. M. Thomson. C. Fienz<*l, etc. Acconlmg to 
J. VV, R*‘tger8, the crystals of heptahydrated cadmium sulphate an* isoinoqjhous 
with the corresponding heptahydrated ferrous sulphate. VV. Haidinger, and 
H. Uemsrh have nqiorted moditications in the form of heptahyilrated zinc sulphate*, 
and K. von Fedoroff obtained an unstable easily soluble numoi linie variety from 
undercooled soln. According to H. 0. F. Schrmler, an easily solubh* form si'parates 
from undercooled soln. protect'd from air by cotton wool, while if tlu^ soln. be 
crystallized wliile exj> 08 »*d to tlie air, or if the crystals lx> kept m contaei with air, 
a less .soluble form is prmlucod. 

The specific gravity of anhydrous zinc sulphate was given by (\ .1. R. Karsten,^** 
and K. Filhol as .‘V4<HI ; C. Pape gave 3‘43G (IG ) ; P. A. Favre and (’. A. V^ilson, 

3 40 ; H G F. Si hroder gave d'.V)! ; T. K. Thorpe and .1,1. Watts, 3 G23r> (ir»‘') ; 
and I.. IMuyfair and .1. P. Joule, 3'G8l {3 0'). H G F. S<'hroder gave 4 147 for 
anhyilrous cadmuiiii sulphaU*. For nionohydrated zinc sulphate, (\ Pajte gave 
.3 21.") (IG ) ; II. G. F. SchrcHler, 3 07G ; L. Playfair. 3‘23tt : and T. K. Tliorpe and 
J. 1. Watts, 3'284r) (15'). H. J. Buignet gave 2 U3t> for inonohyilrated cadmium 
sulphate, T K. Tliorjte and J. I. Watta gave 2 b58 (15 ) for dihydrated zinc sul- 
))hate ; 2 20G (15") for the pentahydrate ; and 2 072 (15 ) b>r tin* hexahyilniie. 
For the Inst-naineil salt, L. Playfair gave 2 05(). For oiOitntahvdrated cadmium 
sulphate, (', H. 1). Rodeker gave 3‘05 (12 ). The number for heptahydrated zinc 
sulphate reported hy J. H. llas.senfratz is I 912 ; by L Plavfair and J. P. Joule, 

I IKJI ; by E, Filhol, 2 o3G ; by H. S< hilT, 1953; by H. J. Riiignet, 1957 ; by 
P. A Favre and i'. A, V’alson, P981 ; by F. Stolba, r9531 ; by S, llolker, I 97G 
(15 5 ) ; by C. Pape, I ‘.Mil (IG ) ; by II G. F. S<dir(Mler. 1 t<84 ; by 11. Tiipsoe and 
V. (’hristianw*!), 2 0<l8 ; by VV, C, Hmith, I 9(>1 ; and l»y T. E. Thor[)e and J. 1. Watts, 

1 974 (15 ). 

The sp. gr, of soln. of zinc sulphate measured at 15 ’ by G T. Gerlach,^* when 
tin* cone, of the soln. is expressed by the jiercentage anioiint of ZnS 04 . 7 lLG, «re : ^ 

(’one. . 6 10 15 20 25 .30 40 50 «0 

8p.gr. . 1 0288 1 0593 1 0905 1 1236 1 1574 1 1933 1 2709 1-3532 M451 


Other ineasureiiu'iita have been made by H. Bi hiflf, II, L. t'allendar and H. T. Barnes, 
F. Kohlrausch and VV. Halhvachs, J. Wagner, J. A, Ewing and J, G. McGregor, 
C. Charpy, H. C. Jones and F. H. Getman, P. A.* Favre and (!. A. Valson, 
VV. VV. J. Nicol, H. Schiff, C. U. A, Wright and C. Thompson, J. 1. Watts, C. Render, 
etc. The variation in the sp. gr. of soln. with ti-inp. was measun'd hy 0. Grotrian, 
F. Fouqu6, C. Forth, and J. de Lannoy, and their data show the coeff. of thermal 
expansion of soln. of zinc sulphate - tn’t/c infra. I. Traubc gave for the mol. vol. 


Per cent. ZnSO* . 2-80 6-61 11-22 16-83 28 08 33-66 

Mol. vol. . . 0 6 0 5 3 4 6 3 11 4 13-9 

Per cent. ZnSO^.THjO .6 10 20 30 40 60 

Mol. vol . . . 126 6 126-7 129 6 132-4 134 3 140 0 


100 
46 3 
100 
142-8 


W. Hallwachs, and W. W. J. Nicol also made observations on the mol. vol. of soln. 
of zinc sulphate. According to R. Broom, when a soln. of 48 36 parts of zinc sulphate 
in 100 of water is mix«*d w ith an equal vol. of water, a contraction of 0 835 jier c^nt. 
occurs. F, Kohlrausch and W. Hallwachs report4*d a marked txmdensatlon in 
crystallizing from water, 0. Grotrian found for the. sp. gr, of stiln. of cadmium 
sulphate at 18°, when the cone, is expressed in per cent, of CdSO*: 
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Cone. 

Sp.gr. 


. 0-U2 lOU 5*08 1011 85*08 86*07 

. IKWeS 1*0085 1*0495 1*1039 1*2955 1*4756 


Other 4«terminationH have been made by C. A. Valaon, J. Kanonnikoff, I. Traube, 
H. Jahn, 0. Schonrock, M, le Blanc and P. Rohland, E. Cohen and L. R. Smnige, 

F. Fouqu6, F. J. Werahovcn, J. Wagner, J. G. McGregor, H. C. Jones and F. H. Get* 
man, R. de Muynck, C. M, Pasea, C. R. A. Wright and C. Thompson, etc. According 
to E. Irueste, for a soln. of cadmium sulphate of sp. gr. I), at 15*^, when that of water 
at 15° is Dq, the soln. will contain ()*91660(/)— />o)- 0 22101(/)— Do)* grras. of salt 
per gram of soln. 0. Grotrian measured the fluidity of soln. of zinc sulphate ; 

G. Quincke,!* the ipodflo coheiion ; and 0. A. Valson, W. Grabowsky, E. Klupathy, 
P. Volkmann, and I. Traube the rise in capillary tubes of different diameter. The 
viscosities of equimol. soln. of magnesium and zinc sulphates were found by 
J. Wagner to lx* nearly the same, and he gave, at 25°, for the viscosity of zinc and 
cadmium sulphates, water unity. 


y- j.v- \N- hif‘ 

ViscoHity ZnSO, . 1 3671 1*1726 1*0824 1*0358 

ViiicoMity t’d804 . 1 3476 1*1574 1 0780 1*0335 


Other measurements were made by S. Arrhenius, L. Grossmann and A. A. Blanchard. 
The capillary constant, of zinc sulphate soln., Bp. gr. 115.3, at 20°, was found by 
E. Klupathy to be 1 19 ; and G. Quincke, I. Traube, and P. Volkmann made similar 
observations. C. Forsch, A. Briimmer, 11. Simtis, P. Volkmann, and I. Traube 
made observations on the surface tension of soln. of zinc sulphate ; and N. E. Dorsey 
found for soln. of normality N, in dynes per cm. ; 

AT , .0 0066 0*108 0 286 0*372 0*414 

a . . 73*39 73*30 73*44 73*90 73 79 73*91 


I. Traulie measured the surface tiuision of soln. of zinc suljihate in ethyl alcohol. 
The coeff. of diffusion was found by J. J, Coleman to be smaller with soln. of zinc 
sul])hate than with soln. of magnesium sulphate. J. C. Graham, J. H. Ixing, N. van 
de Wall, J. SchuhmeisU'r, H. F. Welier, B. von Tietzen-Hennig, ami C. Liideking 
hav(‘ measured the velocity of diffusion of soln. of zinc 8ulphat«\ W. Seitz found 
A—O 2355 for soln. with I'O mol of ZnS04 per litre at 14’77° ; and G. Thovert found 
A* -0'5(), 0'47, U’36, and ()’33 respectively at 19*5° for soln. with 0 ()25, () 0.5(), ()'.5r), 
and 2’95 mol per litre. W. Si'itz and J. J. (’oleman of soln. of cadmium sulphate ; 
the former found A - ()'246 at 19° for soln. with two mols of Cd804 per litre. 

• 0. Schmidt found for the compressibility, p, of aq. soln. of zinc sulphate between 
16° and 17 5° : 


For cent. ZnSO, . 7*5 13*6 17*6 32*6 41 0 

fix 10* . . 46*1 41*0 41*6 32*3 26*4 


W. Watson also measured this constant. When crystals of zinc heptahydrate 
were warmed from 18° to 40°, G. Wiedemann found a regular increase in vol., at 40° 
there is a marked change atUmded by the loss of a mol of water ; between 4)° and 
69°, there is again a regular expansion ; and at 69° there is an abrupt contraction. 
There is a marked expansion between 69° and 1(X)°, and a white powder is formed. 
The relative vol. of aq. soln. of zinc sulphate at different temp. 1)10® ; or 

t?— (vo-f^)10~® when Co- -100,000, as measured by 0. Forch, is : 



6 " 

10 * 

16 ’ 

20 ’ 

30 ’ 

40 ’ 

0*500Ar. 

. 27 

84 

168 

278 

664 

930 

l*000Af- 

. 66 

136 

239 

364 

672 

1060 

l*999Af. 

. 99 

813 

344 

491 

830 

1327 


and his values for the oocflloiint ot thermal expansion between 0° and 15° for 
iiV-. iV-, and 2iV>8oln. of zinc sulphate, are 0 000054, 0 0001 lO and 0 000195 
respectively. R. Meyer measured the thermal expansion of cone. soln. of nuo 
sulphate, J. de Lannoy obtained for v Xl0~® : 
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Peremt Zii804.7H,0 . 

20* 

4 . . * • 

216 

10 . , . 

826 

20 ... . 

438 

30 ... . 

550 


40* 

60* 

80* 

860 

1800 

8020 

976 

1902 

3103 

1148 

2100 

3290 

1291 

2251 

3390 


W, W. J Nicol found the apparent vol. of supersaturated soln. of line sulphate to 
change quite regularly between 20** and 30“. G. Jagt'r represented the thttmil 
OOndoctiTity of 16 and 32 per cent. soln. of line sulphate by 2.5*3 and 21 5 resj|ec* 
lively when that of water is 100. H. F. Weber gave for the al>8olute conductivity, 
k, at 4*5*^ : 

8n » M34 1*278 1 362 1 362 1 362 

? 0^118 O-OOlie 000115 0 00129 (23‘4*) 000144(45 2*) 


C. 0. Lundquist, and L. Grati, also rnade measurements of this (oiisUnt. 

C. Pai>e 15 gave 0*328 for the spedflc boat of heptahydraU d line sulphaU^ bi‘t ween 
17'" and 23""; H. Kopp gave 0*347 In'tween 15'" and 3<> ; H. Sthottk}’, 0*3485 
between T and 34® ; E. Cohen and co-workers, 0*3184 between 18*5'* and 22*5® ; 
and F. Pollitzer gave for the mol. ht. of ZnS04.7H40 . 

-101* -m* -187" -185" -72" -SO* “«&* 

Mol. ht, . 30 34 3105 31*76 31-20 670 66 9 67-9 

J 0. G. de Marignac found the sp. ht. of a soln. of a mol of zinc sulphaUi with fiO, UK), 
and 200 moU H^O to be respectively 0*8420, 0*9106, and 0*9,523 lietween 20® and 52®. 
E. Cohen and co-workers found the sp. ht. of octotritahydrated catlmium su^ihate 
to be 0*2ai8 at 20®, and the mol. ht. 5*50. Measurements weni made by H. Teudt, 

E. Cohen and A. L. T. Mosveld, J. Thonwn, 8. Pagliani. H. Suommen, and 
H. F. Weber. The sp. ht. of soln. of one mol of cadmium sulphaU' with n rnols of 
waU'r w'as found to b<* 

n ... 500 200 100 50 26 17 14 9 14 4 

Sp. ht. . . 0*972 0-940 0-893 0-813 0-696 0 638 0 015 0-610 

According to H. St. C. Dt^villo and H. Debray, the action of heat on anhydrous 
ziuc suljihate results in the formation of a basic siUphate, and at an incipient white 
heat, zinc oxide is formed. J. L. Gay Lussac made some observations on this 
subject. (1. II. Bailey said that zinc sulphate bi'gins to decompose at 427 . 
H. 0. Hof man and co-workers said that the tiunp. of incompleU* decomjioHition iS 
528®, and of complete, decomposition 739®, and then' is no sign of a break lu the 
decomposition (jurve such as might occur if a true basic salt were formed, and 

F. 0. Doeltz and C. A. Graumann believe the alleged basic sulphate is a mixture of 
zinc oxide and sulphate *, they add that the reaction Zn804- ZnO-f 8O3 is reversible, 
L. and P. Wohler and W. Pluddemann measured the decomposition press, of 
anhydrous zinc sulphate — vide the action of oxygen on zinc sulphide. ^ 

renke found the decxiraposition of zinc sulphate occurs at a low'cr temp, if it be mixed 
with zinc oxide. W. A. Tilden gave 50® for the DUltillg POint of hepUhydrated 
zinc sulphate ; 0. Wiedemann, 70*5® ; G. Calcagni and D. Marotta, and 0. Huff 
and W. Plato gave 1000® for the m.p. of anhydrous c^mium sulphate, and the 
latter say that there is a marked thermal effect at 820®, indicating that some trans- 
formation is taking place ; mixtures of cadmium sulphate and ^loride gave a 
V-cutectic at about 569® and 85 molar per cent, of the chloride. B. Cohen foimd 
—3752 cals, for the bait Ol tofioil of heptahydrated zinc sulphate ; and he calculated 
—3609 cals, from J. Thomsen’a data. . , * x 

T. Graham, 0. B. Kiihn, and A. van der loom found that orystoU of hep^ 
sulphate effbresce in air, and at 100®, they lose OHjO, and the remain- 
ipeUed at a red he»t ; T. Graham applied the term taline vaUr to thu 
; water of cryatalliaation which ia not e^>eUed except at a rwtively 
id J. I. Pierre atated that all the water can be alowly ex^llM tto 
in a current of dry air at 110°. A. Frenrel drove off 39-75 of the 


hydrated zinc 
ing water is e: 
portion of th 
high temp., ai 
heptahyarate 
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contained 43 per cent, of water by heating goslarite to 100°. H. Baubigny showed 
that the speed of efflorescence in air is directly proportional to the vap. press. The 
neutral salt effloresces until one of the lower hydrab's is formed ; but if acid, all the 
wat(‘r can he reniove<l in dry air. F. Krafit removed six mols of water in 15 hrs. at 
a summer's h(‘at ifi vacuo, and all was expelled in vacuo at 210°. J. B. Hannay 
measured tfie spei'd of dehydration at 1(X)°, and inferred that at lower temp, hepta- 
hydrated zinc sulphate* is less stable than the corresponding magnesium sulphate. 
C. R. Schulze, W. Miiller-Erzbach, P. C. F. Frowein, and C. E. Linebarger have 
measured the* vapour pressure, p, of hydrated zinc sulphate, and G. Wiedemann 
found in mm. of mercury : 

10&" 30“ 40’ 50' 00’ • 70' TSS* 88* 

p . .7-3 20-2 44-2 73 1 113 9 1708 268-5 116® 

and i*. C. F. Frowein gave for the maximum press, in min. of mercury : 

ZnS()4.7iT,0 ZnSOj.GlltO 

1800* 2045* 25'l.v 29-96* iTS* 26 15* 29 95* 31'70* 

p . . 8-046 10-076 14-097 2*389 7 033 13 286 18-826 21 076 

H. Lrsemur found the vap. press, ciirvos furnished evidence of the existence of mono- 
and hepta-hydrated zinc sulphat-»‘8. 

A. van der Toorn showed that monoliydrated zinc sulphate does not lose its 
water until the temp, exceeds KK)' ; T. (fraham said the water is not lost even at 
205°, but is given off n<‘ar 23H " ; and T. Thomson, R. Schindler, and H. G. F. Schroder, 
found a little sulphuric acid is also lost at this temp. For the transformation of the 
hepta- into the hexa-hydrate see the ]»reparation of the latter. Ai-cording to 
F. Mylius and U. Funk, wlien the temp, of heptahydrated cadmium sulphate rises 
to 4 it slowly decomposes, forming a mush w'hich contains the octotritahyilrate. 
The vap. press, of the last-named salt was measured by A. 11. Pareau, by II. Precht 
and K. Kraut, and H. Ls'senmr. C. I), (Wpenter and E. U. .b'tte found tho 
transition temp, lietween tho octo- and tri-hydrates to be IPo", and they also 
measured the vap. press, of tho solid and sat. soln. Unlike C. von llaiier, F. Mylius 
and U. Funk found that cry.stals of monohydrat<*d cadmium sulphate can bo 
heated to 1(K)° without change, but at UJO", the greater part of the combined 
water is e.xpelled ; they also obtained no signs of the intermedia^' formation of tho 
hemihydrati* of 0. B. Kiihn during the dihydration of tho monohydrate. According 
to 11. Lesemur, the dissociation press, of the nionohydrate is 162 mm. at 174*5°, and 
immeasurably small at 0°. To summarize for the 6-7 hydrati's at 25", H. W. Foote 
and S. K. Scholes gave 13 6 mm. ; P. C. F. Frowein, 14*6 mm. ; W. C. Schumb, 
16*34 mm. ; 11. la'scceur, 14*0 ; W. Miiller-Erzbach, 12*9 mm. ; and G. Wiedemann, 
14*5 mm. For the 1-6 hydratt's, H. W. Footo and S. R. Scholes gave 12*8 mm. ; 
P. C. F. Frowein, 13*2 mm. ; W. Miiller-Erzbach, 11*7 mm. ; and A. A. Noyes and 
L. R. Westbrook, 13*0 mm. For the 0-1 hydrates, H, W. Foot^' and S. R. Sc’holes 
gave 1*U mm., and W. Miiller-Erzbach, 0*5 mm. E. Cohen and co-workers measured 
the effect of press, on the transition temp, of hepta hyd rail'd zinc sulphate. 

G. Tammaun measured tho vap. press, of aq. soln. of zinc sulphate at 100°, 
and found that with soln. cont^iining 15*59, 35*76, and 77*72 grms. of ZnS 04 per 100 
grms. of water, tho vap. press, of water was lo’wered 10*0, 25*4, and 87*0 mm. ; 
similarly with aq. sobi. containing 16*46, 31*21, and 49*92 grms. of CdSOi per 100 
grms. of water, the vap. press, of water was lowered 7*1, 12*9, and 23*3 mm. resjMJc- 
tively. Q. Tammaun also measured tho vap. press, of soln. of zinc sulphate in 
water at different temp. The lowering of the vap. press, has been measured by 
R. Emden, and J. Moser. J. Walker found the percentage mol. lowering of soln. 
with a mol of ZnSOi in 100 mols of water to be 1*26. For soln. of zinc sulphate 
containing »i mol of ZnS 04 in 1000 mols of water, H. Hausrath found for soln. with 
up to ?»- 0*03191, and H. C. Jones and F. H. Getnian for soln. with up to n=2*032 
for the lowering ot the freeiing point, Sf. 
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A . 0^)002363 0006260 001301 0061 0102 1016 0032 

hf . . 0000808^ 001786* 003701* 0004* 0104* 1-78S* 4000* 

V/A . . 3 487 2 886 2 661 1 84 1 00 1 72 2 46 

Vttlut's for aq. 8oln. of zinc Hulphatc have aljio Ix'eii uhtamed by F. KudorfT, N. Taruui 
and G. Bonibardini, F. M. Raoult, L. KahlenWrjj, S Arrhenius, L. C. de Copjn't, 
0. Taminann. eU*. For cadmium sulphate solu. with n mol (»f ( ’dSO^ per KMK) jcrms. 
of water, H. Hausrath found for soln. with up to « and H. C. Jones and 

F. H (Jetmari for soln. with up to n = r2r)t): 

n . . 0 0002388 0 002685 0 03120 0(Ki3 0 500 1 (00 1250 

S/ . . 0 0008417^ 0 008189* 0 07666* 0 201* 1 259* 2 870* 4 160’ 

6//n . . 3 626 3 055 2’421 3 19 2 52 2 87 3 23 

Data were also uhtuined bv F. M. Haoult, N. Taru^i and G. Hombanlim, U. (’. Jones 
and B. P. Caldwell. L. KahlenlxT^, S. Arrhenius, D. J. Davis and B. F. Fowler, ete, 
F. Guthrie found the cryohydric Of eutectic temperature of zme sulphate to he 
; li. C, de Coppet jj;ave for soln. with d parts of ZnSOi m lot) parts of 

water ; J. Koppi'l and A. Gumpertz found (> fC ; G. Bruni, (> P ; for eadmium 

sulphate, J. Kopjiel and A. Gumpertz gave -10 8 ; and F. Mvlius and K. Fnnk, 

-17". 

According to T. Grifliths, the boiling point of a sat. soln. of zinc snlj)hate — 
8r> grms. of salt in 100 urms of water is lO-l -l ; and G. T. (h-rlach gave for soln. 


with w grins. 

of ZnS 04 in 1 (K) gnus. < 

»f water : 




w 

13 1 25 0 3’ 

! 7 45-4 

63 9 61 0 

74 9 

85-7 

ll.p. 

. UK)- 6 * 101 * 101 

5* 102 * 

102-6* 103 

104' 

105' 

L. Kahleiibe 

rg found for the raising 

of the h p. of water at 712 3 mm. jiress. : 

w Z 11 SO 4 

. 2-886 10 139 22-202 30 47 

36 IH 39 83 

41 30 

44-56 

His*' of b.p. 

. 0 080^ 0-266* 

0 691* 0899* 

1 122* 1 381* 

1-459* 

l-67r 

1 C ( tlSOi 

. 4 663 10 972 20-662 27 777 

36 76 41-28 

47 38 

53 47 

Ki.so of b.p. 

. 0 105 0 215^ 

0350* 0-494* 

0 699* 0 820“ 

0-988* 

1 104' 


Other mca.surement8 with cadmium and zinc suljdiutcs were made by N. Tarugi 
and G. Bonibardini. 

Aecordiug to M. Berthelot,'* the heat Of formation of anhydrous ziiv siiljihatc 
is (Zn, 8, 40), 22t)() to 23‘5 4 Cals.; li. de Forcraud gav<‘ 2'J0‘.)1 Cals, and 
J. Thomsen gave for (Zn, 0^, SO^), ir>8 9t) Cals, J. Thonwn also gave for (Cd. 8, 
40), 222 r».'^) C'als , and M. Berthelot, 211) 9 Cals. W. Nernst culeulati^d t he free, luiergy 
of formation of hexa- and mono-hydrated zinc sulphates. L and P. Wblih-r and 
W. Pluddemanii give 30 Cals, for the heat of decomposition Zn804 ZnO | 8O3. 
From his observations on the heat ol hydration of zinc sulphab', J. Thomsen 
inferred that zinc sulphate forms hydrates with 1, 3, 4, 0, and 7 mols of wat<*r ; 
and he gave 808 Cals, for the heat of hydration of Cd804.2^H.^0. K. (,’ohen and 
co-workers gave 7 890 Cals, for the heat of hydration of OI8U4 to form (M804.2f H2O. 
For (Zn, Oj, 80.^, H2O) J. Thomsen gave l(i7'47 ('als., and for the heat of soln., 
Q Cals, of ZnS04.nH20 in 400 mols of water at 18 ; and hence for tin* heal of 
hydration, Qi Cals., Zn804-f wH^O : 

n....O 1 2 3 4 5 6 7 

Q . . . 10-434 9 960 7 604 6 268 3 613 1 335 - 0-843 -4 260 

Q — 8 484 10 830 13 176 14 921 17 099 19 277 22 694 

P. C. F. Frowein calculated 2 280 Cals, for the heat of soln. of the hexahydrate, 
and — 3 44 Cals, for that of the heptahydratt*. For the h6ftt ol n6Utraiization, 
H2S04*)in.+Zn0=Zn804^-fH20-f23-4 Cals., J. C. G. de Marignoc. gave 
22 3 Cals. J. Thomsen gave for the belt lolation of a mol of Zn804 in 400 
mols of water at 18®, 18’4 Cals. ; and for Zn804.7H20, — 4 3 (.’als. ; P. A. Favre and 
C. A. Valson found for the heat of soln. of ZnSO^.nH20 : 

n . . . 0 1 3 76 4 46 4 55 6 17 

Heatofeoln. . 9 289 4 812 2-206 1-364 1 198 - 0 397 Cali. 
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and 5*455 Cab. for the heat of soln. of an eq. of cadmium sulphate in a litre of water. 
J. Thomsen gave 10*74 Cals, for the heat of soln. of a mol of cadmium sulphate in 400 
mob of water, and 6*05 Cab. for the monohydrate. E. Cohen, W. D. Heldermann, 
and A. L. T. Mosveld, made observations on the heat of soln. of cadmium sulphate 
in soln. of the same salt. For the heat of soln. of CdS04.H20, P. A. Favre a^ 
C. A. Valson gave 6*2 Cab. ; for CdS04.2lH20, 2*7 Cab. ; and for CdS04.3H20, 
3*062 (’ab. J. Thonuwm gave for the heat o! dilution of a soln, of a mol of ZnS04 in 
20 mob of wat«*r with 50, 100, and 200 mob of water respectively, 318, 369, and 
385 Cab. Observations were also made by C. R. A. Wright and C. Thompson, 
J H. PoUo<*k, and L. C. de Coppet ; for the heat of dilution of a soln. with 
wCd8O4.100lL2O down to 0*2r)CdSO4.1(J0H2O, C. R.‘ A. Wright and C. Thompson 
gave : 


n. ... 1 2 3 4 5 6 7 

Heat of dilution . 76 276 460 636 826 1076 1460 


Acc ording to A. des Cloizeaiix,^® the crystals of hexa- and hepta-hydrated sine 
sulphates and of octotritahydrated cadmium sulphate have a negative donbla 
ntrftCtion. 11. Topsoe and (’hristiansen found the indOZ of rotfaction of hepta- 
hydrated zinc sulphate to be for the C-line, a— 1*4544, j3=- 1*4776, and y~l*4812 ; 
for the /’-line, a^^l*45()8, p -l*48t)l, and y— 1*4836 ; and for the D-line, a~ 1*456^, 
^"r.r48()l, and y 1*48445. H. (’. Jones and F. H. Getman found the refractive 
index, for soln. with C mob of zinc sulphate per litn' : 

a . . 0061 0 102 0-203 0406 0-609 1 016 1 624 2032 

. 1-32711 1 32814 1 33110 1-33618 1-34149 1-36161 1-36643 1 37465 

and for soln. with C mob of cadmium sulphate per litre ; 

C . . 0 063 0-126 0-260 0600 0626 0-876 1-(X)0 1-250 

^ , . 1-32790 1-33037 1 33636 1-34466 1-34912 1-36799 1-36101 1 37028 

J. Kanonnikoflf, C. Ch^neveau, W. Hallwachs, H. Dijken, C. A. Valson, F. Fouque, 
P. Barhier and L. Roux, M. le Blanc and P. Rohland, H. Jahn, R. de Muynck, etc., 
determined the optical constants for soln. of zinc and cadmium sulphates. 
0. Schdnrock foimd the specific and molecular rotation of the plane of polarization 
for soln, of cadmium sulphate of sp. gr. 1*36289 (1674°) to he respectively 0*3423 and 
3'955 ; and for soln. of sp. gr. 1*2421 (16747. respectively 0*3597 and 4*156 ; H. Jahn 
gave for soln. of sp. gr. 1*1781 (20720®), the respective values 0*44748 and 5*17. 
J. R. Collins measured the ultra-red absorption spectrum of aq. soln. of the 
sulphate. 

According to E. Wiedemann and G. C. Schmidt, 20 dried Iieptahydrated zinc 
sulphate gives a pale yellow cathodo-luminesccnce,with a prolonged after-glow which 
is white wlu'n the salt is heated ; if one per cent, of manganese 8ul])hate is ]>re8ent, 
the luminescence is an intense red, and the spectrum shows a red hand. The 
property of showing thermduminescenoe b lost in about a week. The photo- 
lumineHoence is red. J. A. Wilkinson found purified cadmium sulpliate does not 
give cathode- luminescence ; the less pure salt has a yellow fiuort'scence, and 
H. Longchambrou studied the spectrum of the triholuminesceuce of cadmium 
sulphate. E. Wiedemann and G, C. Schmidt found the spectrum of anhydrous 
eaumium sulphate shows intense lines in the yellow ish-green, and feeble ones in the 
red and blue. A solid soln. of cadmium sulphate with one ])er cent, of zinc sulphate 
gives a blue thermoluininescence. G. C. Shmidt found the canal ra^ incite a 
yellow luminescence with calcined cadmium sulphate, but the property b lost with 
prolonged action. H. Greinacher found that radioaotiYC rajTS raise the temp, of 
cadmium sulphate less than O'Or. B. Goldstein studied the cathodo-luininescence 
of cadmium sulphate. Unlike the zinc halides, zinc sulphate when heated does not 
ionize the surrounding gas. 

L. Kahlenberg’s values for the eq. electrical condnctiyitj of aq. soln. of zinc 
sulphate with one eq. of salt in v litres of water, are : 
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• 0*28 1 4 14 m 254 1014 2048 4094 

V . 71 lO-a 24*7 22*2 47*5 52 9 61*0 64 4 65 4 

V — 64*2 87*8 122 2 202 9 222 1 268*4 277*6 

and lor r^8192, Other meaaoremente have been made by F. Kohlrausch 

and oo-worker», R C. Jones and oo-workere, C. Freund, C. Heim, H. Y. Tartar and 
H. E. Keyes, A. Smits, J. ToUinger, N. Tarugi and G. Bombardini, G. Jager 
J. A. Ewing and J. G. MacGregor, E. Becker, E. N. Horsford, W. von Beetx, 
S. H. Mari4<Davy, J. H. Long, S. Arrhenius, etc. L. Kahlonberg’s values for the 
conductivity of soln. of cadmium sulphate are : 


V 

. 025 

1 

.4 

16 

128 

250 

1024 

204H 

4090 

A,' 

. 6*7 

15*0 

21*3 

26-6 

456 

505 

59-4 

62 4 

03-4 

A,.* 

. — 

525 

74*6 

109*7 

1856 

225 1 

200*1 

2571) 

— 


Other meaaurenicnts have Ixvn niade by 0. Grotrian, C. J. J. Fox, F. J. Wcrshoveii, 
N. Tarugi and G. Bombardini, H. C. Jones and co workers ; F. Kohlrausch and 
co-workers, G. Vicentini, eU*. The effect of trmperature on the conductivity of soln. 
of ainc sulphate lias been studied by W. von Binstr, F. Kohlrausch. (". Heim, 
E. Cohen, J. Trdtsch, and L. Grossinann. L. KahlenWrg s values for 0® and Ob'" 
ait* indicated above. H. C. Jones and A. P. West give for the fcinp. co<.‘lT. of the 
conductivity of soln. of ainc sulphati* of dilution v ; 


V 


2 

8 

16 

32 

128 

512 

1020 

2048 

8192 

0“- 

is* 

0*999 

1*44 

161 

1-84 

261 

330 

3-48 

3-80 

392 

16“ 

-26“ , 

Ml 

1-63 

1-84 

2-18 

290 

8-78 

4-09 

4 26 

4*20 


F. 3. Wershoven, and 0. Grotrian have studied the effect of temp, on the. conductivity 
of soln. of cadmium sulphate. L. Kahlenberg s values at 0“ and arc indicated 
above. The effect of presntre on the conductivity of soln. of zinc sulphate has been 
studied by J. Fink, B. Piesch, F. Korber, K. Rogoyski, 0. 8t**ru,.and 0. Fnmnd. 
The electrical resistance of soln, decreases between 0® and 18® pro|>ortioually with 
the increase of press, up to 3(X) atm,, but at higher press, the decrease is not so mu<*h. 

A. Hollard found that with less than 2 per cent, of dil. sulphuric acid in the soln. of 
zinc sulphate, the conductivity is increased ; but with 3 per cent, of acid, the 
conductivity does not change. J. Kendall and co-workers ineasun'd the conductivity 
of zinc sulphate in anhydrous sulphuric acid. C. Liideking, and S. Arrhenius studied 
the effect of gelatiney and found no change ; B. von Tietzen-Hennig studied the 
effect of gelatine and of calcium sulphate ; H. Wolf, the effect of acetic acid, alcoholy 
and tartaric acid ; S. Arrhenius, of methyl and ethyl alcohols, dher, and acdone ; 

B. Wiedemann, of glycerol ; E. Kimbach and 0. Weber, of Icsvulose ; and B. Sabat, 
of radium. A, A. Noyes studied the effect of thuUous chloride on the conductivity of 
soln. of cadmium sulphate. R. Luther measured the conductivity of soln. of zinc 
and cadmium sulphates in methyl and ethyl alcohols, N. Isgarischey studied the . 
polarization of soln, of zinc sulphate in the presence of gelatine, gum, and sucrose. 

The tnUfport niimben of zinc sulphate in aij. soln. have iK^en investigated by 
J. F. Daniell and W. A. Miller, W. Hittorf, A, Chassy, J. Moser, S. Lussana, 

P. Straneo, G. Kiimmcll, and R. Gans; and of soln. of cadmium sulphate by 

C. L. Weber, A. Chassy, V. Gordon, G. Kuramcll, B. D. Steele, H. Jahn, and 8. Gold- 
lust. A. Mutscheller measured the velocity of the ions in soln, of gelatine c ontaining 
different cone, of zinc sulphate. G. N. Lewis and M. Randall calculated the activity 
coeff. of the ions of cadmium sulphate. The percentage dagree of ioniB lt fo n a of 
soln. of zinc sulphate, was calculated from the electrical conductivity by H, C. Jones 
to be : 


« 

. 2 

8 

16 

32 

128 

512 

204 8 

4096 

aat0« 

. 26-1 

369 

436 

50*7 

65*5 

82*9 

96*8 

100*0 

aat66« 

. — 

28*7 

— 

89*1 

54*4 

72*7 

87*4 

lOOD 


8. Arriienius, S. Labendzinsky, H. Wolf, W. Hallwachs, G. N. Lewis and G. A Lin- 
halt, and H. C. Jones and A. P. West also studied the ionization of zinc sulphate 
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soln. H. C. Jones and F. H. Octman obtained for a mol of CdS 04 in v litres of 
water ; 

V . . 0'80 1-00 1 14 1-60 2*00 4-00 8 00 1600 

a . . 14-8 19-6 22*8 239 279 340 40'8 48-0 

M. Ciianoz, P. Godlewsky, G. N. Lewis and G. A. Linbartj^^and S. Labendzinsky also 
investigated the ionization of soln. of cadmium sulphate. 

The electromotive force in millivolts between two soln. of zinc sulphate 
Zn I wjZnS 04 ,nZnS 04 | Zn with the percentage concentrations m and n, was found 
by J. Mustir to be ; 


. 

. 16 

30 

■ 46 

60 

1 

. 18 

22 

28 

36 

16 

. — 

5 

13 

21 

30 . 

. — 

-- 

7 

17 

46 

. - - 

— 

— 
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C. H. A. Wright and C. Thompson made similar deU;rminations mainly with more 
dil. soln. of zinc sulphate ; E. Paschen, and A. Hmits also worked on this subject. 
V, Kar])cn studied the e.m.f. of a cell with zinc : aq. soln. amyl alcohol : ZnS04. 
J. Mathieu, M. Clianoz, and C. R. A. Wright and C. Thompson studied the e.m.f. 
between soln. of cadmium sul}>hate of different cone. S. Labendzinsky studied the 
e.m.f, of zinc in a(j. soln. of sulphate against a normal calomel electrode, and the 
effect of teni]). was investigat^'d by K. A. Brander, A. Ebeling, E. Bouty, A. Gockel, 
A. Ilagenbach, J. Gill, H. L. Bugard, and H. Jahn. K. Kamsey, and K. Gans investi- 
gated th(‘ effect of press. ; and H. Jahn the heat of absorption at tlie anode during 
electrolysis. B. Neumann, and A. Gockel investigated the e.m.f. of cadmium in 
soln. of cadmium sulphati^. The thermodynamics of JJaniell's cell, Zu : ZnS04, 
CUSO4 : Cu, has been studied by W. Nernst, and by E. Cohen and co-workers; 
E. Paschen found the e.m.f. decreases continuously with increasing cone, of the* zinc 
sulphate soln. ; K. ('olnui measured the internal resistance of Daniell’s cell which fell 
from 42()‘2 ohms at 48“ to 347 2 ohms at ()4"~ W. H. Preece’s and 11 S. (.'arhardt’s 
data are inaccurate ; W. Block also found the temp, coelf. of the cell. If. S. Carhardt 
found the e.m.f. of Clark's cell, ZnamiUgam ZnS04 j ZnS04, Hg2^^G4 | llg, changed 
with the cone, of the soln. 

Sp.gr, at 20'’ . . 1 036 1 036 1 098 1-206 1 293 1-383 1-429 

E.m.f. . . 1-4800 1-4777 1-4724 1-4605 1 4540 1-4444 1-4380 

The effect of temp, and cone, was also studied by G. Platner, and by H, T. Barnes 

and co-workers. The e.m.f. at according to W. Jiiger and K. Kahle, is 

1'4J28— 000119(0 — 15)— O (.K.KHX)7(0— If))* between 0^" and dO"" ; and, according to 
H. L. Callendar and H. T. Barnes, between 15'" and 39®, the e.m.f. at 0® less the 
e.m.f. at 15® is O’OO12OO(0~-15)-O(XlOOOt)2(0-15)2-O(X)OO6{0-15)3. L. Clark 
gave 14378 for the e.m.f. of the cell at 15®; R. T. Glazebrook and S. Skiimer, 
1-4344; K. Kahle, 1-4322; W. Jiiger and K. Kahle, 1-4328-1-4329, and 
H. S. Carhart and K. E. Guthe, 14333. The mean value is 1-4334. The 
e.m.f. of the cell at the transition point of hepta- to hexa-hydrated zinc sulphate is 
I’4005. The cell Cd | CdSO^, HggSO^ | Hg was studied by S. Czapski in 1884, and 
employed with amalgamated cadmium by E. Weston as a standard cell in 1892, 
in place of Clark’s standard cell. The variation of the e.m.f. of Westons cell with 
temp, is such that at 0® the e.m.f. is 10186-0 OOOO38(0-2O)-O OOOOOO65{0-2O)^. 
The cell has l)een investigated by 0. A. Hulett, R. A. Lehfeldt, E. Cohen and co- 
workers, H. von SU'inwehr, J. Henderson, etc. E. A. Wolff gave for the e.m.f., E, 
of Weston's normal clement at 0® between 0® and 40® with 12‘5 per cent, cad- 
mium amalgam as negative pole, i?=j?2o--O‘OOOO4O€(0— 20)— 0 00000095(0 -^20)* 
-fO-OOOOOOOl(0— 20)3. W. Jiiger and R. Wachsmuth gave i?™E2O““O OOOO38{0— 20) 
— O-OO(XXX)65(0— 20)*. The latter agrees better w'ith E. Cohen and J. J. Wolters’ 
observations. K. Ramsey has studied the effect of press, on the cell. Certain 
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irretfoUritieis in the Weaton's cell have been attributed by P. Kohnetamni and 
£. Cohen to a change in the cadmium sulphate at 15'". but H. von Steinwehr 
could find no evidence of a transition point between 13’7" and 25® ; H. C. Bijl 
attributed the irregularity to a change in the nature of the cadmium amalgam with 
a certain cone, of cadmium. J * Obata and Y. Ishibash 8tudie<l the standard cadmium 
cells, and found that the acidity of the soln. had no influence on the temp, coeff. 

E. Boutv, and A. Hagenbach measured the tbermo^ootrio loroe of cadmium 
against cadmium sulphate. Heptahydrated zinc sulphate was found by M. Faraday,** 
and 0. Meslin to be diamagnetic ; J. Grailich anti V. von I^ang said it is strongly 
diamagn(‘tic, and J. Pliicker, feebly diamagnetic. H. Knoblauch and J. Tyndall 
studied the magnetic orientation of the ciystala. G, Quincke found the majpietio 
luioeptibility of aq. soln. of zinc sulphatt‘, when that of a vacuum is zt'ro, to be 
“-0‘27xl<r« units between 18'* and 211'"; G. Meslin gave — 0‘53xl0"^ unita. 

0. Quincke also found the diainagnetiration constant of soln. of sp. gr. r43ll.'i to 
be — 4‘701 X ; and the atomic magnetism, -Oi)t)23xlO~i®. 

The at), soln. of zinc and cadmium sulphates art' feebly hydrolYZ»‘d wImmi the 
soln. of these sulphat4's an^ tested with herapaihite, i e. ijuinine sulphatojieriodide. 

M. (/. lica*^ found no free suljihuric acid, and he attributed the n*ddening of litmus 
to a diminution in the dissociation of the litmus salt. J. A. Hedvall and 
J. Heul)crger studied the reaction between zinc sulphate and magnesia or the 
alkaline earths. 

J. fl. li<»ng measured the hydrolysis of soln. of zinc sulphate from the action 
of the salt on cane sugar ; S. K. Moorly from the action of ]>otassium iodide 
and iodate ; and H. G. Denham from measurements of the cone, of the H'dons. 
The last-named showed that a. stab; of eipiilibrium is assumed very slowly, 
and requires almost a month ; as u r<‘sult, the change in the degree of hydrolysis 
with a rise of temp, is not reversed directly on cooling, so that a state of suywr- 
hydrolysis appears. H. 1^‘y calculated the hyilrolysis of a molar soln. to bo 
(103 per cent. ; and G, Carrara and G. B. Vespignani found 0'(K)7r) per cent, for a 
A molar soln. <if zinc sul])hate, and 0 017 per cent, for a O’lA-soln. of cadmium 
sulphate. A. Colson studied the activity of aq. soln. of zinc sulphate ; and he 
inferred that the salt has the formula (ZnS()4)2, and in aq. soln., the formula 
IISO, Zn.O.Zn H8O4. A number of basic ainc ^phates has been rejiortcd, but 
there is little evidimc e to show that any of these an* ch<‘mical individuals. Similar 
lomarka ajiply to the so-called basic dUlminm sulphates. V. Ilassreidter,*^ and 
H. Pommerenke stated that basic zinc sulphate i.s formed during the roasting of • 
zinc blende ; and A. J. J. van de Velde and C. E. Wasb'cls by the action of zinc on 
a soln. of cupric suljihate. F. 0. Do«dtz and C. A. Graumann claims that the alleged 
basic sulphates appear to be nothing more than mixtures of zinc oxide and zinc 
sulphate. 

According to R. Schindler, a soln. of zinc monozysulphate, 2Zn0.S08 or 
ZnSOi.ZnO, is obtained when a cone. soln. of the sulphate is left for a long time in 
contact with metallic zinc or zinc oxide ; and also hy prccij>itating the oxide from 
half of a cone. soln. of the sulphate, and mixing the precipitab; with the other half 
of the soln. The soln. jields small crystals on evaporation ; the salt is decomj)ofw*d 
by rapid boiling, slow evaporation, or by digestion with a largi; proportion of wab*r, 
and zinc trioxysulphate is precipitated ; and it gives a precipitate with tincture 
of galls. According to M. Athanasesco, small colourless transparent crystals of tlu; 
monohydrate, 2Zn0.S(^.H20, or (Zn0H)2804, are obtained by beating to 200'- 
250°, in a sealed tube, a mixture of 3 parts of ZnSOi with 100 of water. 

A. Vogel prepared dihydrated nno triozyiulphate, Zn8O4.3ZnO.2H2O, by 
heating zinc sulphate, until it is partially decorapo.sed, and then IwiJing the residue 
with water ; by boiling an aq. soln. of zinc sulphate with metallic zinc or zinc oxide ; 
and by precipitating a cone. soln. of zinc sulphate with a small projKirtion of 
potassium hydroxide, and boiling the washed precipitate with water. Acx^ording 
to 0. B, Kiihn, if too much alkali be used, a more basic salt will be formed. In all 
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Cttses the Roln. is filtered hot, and the salt separatee as the solo, cools. R. Schindler 
prepared this salt as indicated above. The opaque scales (A. Vogel) or four-sided 
needles (K. 8(;hindler) lose water between 100*" and 125*" without melting or crumbling 
to pieces, and at a low n?d heat, the salt is decomposed and the zinc sulphate can be 
leeched out with water. According to 0. B. Kuhn, the salt is sparingly soluble in 
hot or cold waU'r, but soluble in a boiling soln. of zinc sulphatt*. If the material 
be dried at ordinary temp,, R. Scdiindler’s analysis corresponds with the decahydrale 
Zn8()4..‘iZn0.1()H20 ; and if dried at 100*", with the dihydraU ZnS04..‘iZn0.2H20 ; 
0. B. Kiihn’s and T. Graham’s analyses correspond respectively with tHgO and 
8H2O. 8. J. Thugutt claimed to have made needle-like crystals of the trihydrate, 
corresponding with hydromagnesit** in compositiois by heating for 31 hrs. at 
ll>2*’-218'" a mixture of 21 grins, of heptahydraU'd zinc sulphati*, 3 grins, of sodium 
hydroxide, and 3^) c.e. of water. A. Werner re|)reHents the formula : 

).,]ho4 

W. Zubkowskaja (claimed this salt to be a true chmnical individual. F. Roindel, 
and J. Haberniann made the jmUahydrate by drop})ing dil. ammonia into a boiling 
cone. soln. of zinc sulphate. The white crystalline powder loses a jiart of the water 
at 100*" and the rest at a higher t<*inp. K. Kraut reported the hexahydraie, is formed 
by pouring a soln. of sodium carbonate into an eq. amount of zinc sulphate in soln. ; 
and M. Athanasesco, the heptahydratet in hexagonal plates, by heating in a sealed 
tube at IfiO ’ a 25 p(‘r cent. soln. of zinc sulphate mixed with zinc oxide. F. Reindel 
made the (tetohydfate by boiling an excess of a soln. of zinc sul])hate with ammonia ; 
and K. Kraut, by boiling zinc oxide with a soln. of zinc sulphate. According to 
K. Kraut, the hydrate loses up to 12‘47 per cent, of wat<‘r over suljihuric acid ; at 
loo" in a current of dry air, 18 5 jier cent. ; at 2(X)'", 16 02 ])er cent. ; and at 260", 
23' 79 per cent. According to F. Reindel, it decomposes slowly in contact with 
water, and pn'cipitates basic cupric sulphate from a soln. of cupric sulphaO*. When 
the octohydrate is heated with boiling waO'r for six weeks, F. Reindel obtained what 
he regarded as zino heptozydisulphate, 9Zn().2803.12H20, or 2Zn804.7Zn0.12H20, 
which lost's 8‘08 per.cent. of water at llO", and 18' 43 per cent, at 260". 

8. IJ. Pickering report'd the formation of a hydrated zinc tetr0Z3tsnlphate, 
Zn804.4Zn0.»i}l2G, by treating a soln. of a mol of ZnS()4 in PK) litres of wati'r with 
the necessary amount of sodium carbonate ; and S. K. Moody pr(‘))ared the tetra- 
hydrate by the incomplep' hydrolysis of a soln. of zinc Hul[>hate with imtassium 
iodide and iodate. R. J. Kane claimed that when zinc diamminosulphati?, 
ZnSO4.2NH3.H2O, or ZnS04.2NH3, is treated with water, decahvdrated zinc pcnt- 
Ozysulphfttc, GZnO.SOs.lOHi^O, or ZnS04..5Zn0.1()H20, is formed as a whiU* powder. 
R. Si'hindh'r obtained what he n'gardi'd as dihydrated zinc heptozysulphatei 
8ZnO.SO3.2H2O, or ZnSO4.7ZnO.2H.2O, by adding waP'r to a cone. soln. of the 
monoxysulphate. The dried pn'cipitat*' dws not absorb carbon dioxide from air ; 
when kept in a soln. of normal zinc sulphate it forms the trioxysulphate ; and it 
is decomposed by gentle ignition into a ma.ss from w hich water extracts zinc sulphate. 

F, Stromeyer pn’pared what is regardetl as hydrated M^dminni monozy- 
lUlphatCy CdS04.(*d0.H20, by the ignition of monohydrated cadmium sulphate ; 
0, B. Kiihn by treating one-third of a soln. of cadmium sulphate with potassiiuu 
hydroxide, and boiling the pn'cipitatc with the remaining two-thirds ; J. Haber- 
mann, by dropping aq. ammonia into an aq. soln. of cadmium sulphate ; 
B. Griitzuer, by warming a dil. soln. of cadmium sulphate with hexamethylene- 
tetramine ; and M, Athanasesco, by heating 3 parte of cadmium sulphate, with 100 
parts of water in a sealed tulie at 200*"-250*’. The last-named process furnishes small 
colourless monoclinic or triclinic needle-like crptals. The product is sparingly 
soluble in water, and si'parates from that soln. in scaly crystals. S. U. Pickering 
made what he regarded as 4CdO.8O3.nH2O, that is, CZdminin triozyzulphatZt 
CdSO4.3CdO.nH2Q, by adding a small proportion of sodium carbonate to a soln. of 
cadmium sulphate. 
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Aoooiding to J. A. Arfvodwm,*^ Anhydrous line sulj^fce is reduecnl when bested 
in A current of hydfOgH!* forming sine ox)n»ulphide. £. Shuler found tlist anhydrous 
cadmium sulphate is reduced to cadmium, and cadmium sulphide, but no oxysulphide 
is formed, r. Klobb found anhydrous sine sulphate is slowly dissolvini by cold 
Witar, and rapidly by hot water. The solubility of sine and cadmium sulphates in 
wat(*r has been previously discussiHl. T. Graham found the anhydrous salt unites 
with water with the development of heat — vide heat of stdn. -and H. Brandes, and 
H. V. Blucher noted that when ex]K> 8 ed to air, a mol of the sulphate absorbs 
nearly seven mob of water. For the hydrolytic action of water on sine and 
cadmium 8 ulj)hat<‘ 8 , vide supra. G. J. Mulder staU*d that a wit. solu. of rin<' sulphate 
b partially decomposed by wab*r at aliout 4 <r ; and alM)vo tins temp., when an 
excess of the solid salt is prt'seiit, a basie salt is pn‘eipitated, and the soln. iH'comea 
acidic. 

An intonating ox(>oriment illieitrating tho incroawHi hy<irolysi« which (x*curH with temp, 
is due to A. Ciunn. Aq. ammonia (sfi. gr. 0*88) is a(ldo<l drop by drop t^t a »oIn. oi 0*2 gnu. 
of tino sulphate m fi c.c. of water until two drops nbov'c that nHjuircii to nnlissolvo tho 
precipitate have been addfnl : 10-12 drops of 10 j)or cent, sodium phosphati' soln. and 
5 0 . 0 . of water are added. This soln. is clear : it l>eoom«s opatpic if a tosHube containing 
tho liquid be heated to 100" ; and it bocomca clear on cooling. The eff^'Cts can Iki nqiro- 
duced a number of times until tho loss of ammonia prevents the clearing of the turhid 
precipitate. 

At 18“, 0 85 grm. of anhydrous zinc sulphate was found hy (/. A. L, tie Bruyn 
to im dissolved by BM) gnus, of abBolutt', tUBtbyi aloohob and 59 gnus, of hepta- 
hydrat-i'd zinc sulphate ; 1(K> grins, of 50 per cent, methyl alcohol dissolve 15" 7 gnus 
of the heptuliydrate at 16 ', and 5*5 grins, at O ’. V. Augur found that mi'thyl 
alcohol is decomposed, forming a little basic sulphate. H. Schiff found that 10, 20. 
and 40 jht cent, ethyl alcohol dissolves resjx'etively 51*1, .‘)9, and 8 45 jut cent, of 
heptahydrated zinc sulphate. H. Luther also found eadmiurn sulphate is soluble 
m methyl and ethyl alcoliols ; while A. N«*umann found it to be insoluhle in ethyl 
acetate. Aicording to A. M. Ossendoivsky, and M KIev«*r, KK) grins, of glycerol 
dissolve 55 grins, of zinc 8ulphat<> at 15’5’. Acconiing to 0. Aschan, KK) grins, of 
95 ]>er cent, tormic add dissolve 0*06 grin, of cadmium suljdiab* at 1H'5“. 

M. C. Schuyten found that an a<i. soln. of zinc suljihate gives a precipitate when 
trf*at<‘d with Chlorine ; and with bromine or iodme» a substitution Oi'ems. H. .1 . Kane 
stak'd that anhydrous zinc sulphak* is dissolved hut not decomjKiwd by hydro- 
chloric add ; hut i). Hensgen found hydrogen chloride dt'i’onqmses zinc sulphate 
at 225 k) 2rK )“. A. B, Kreseott found that when a gram of zinc or cadmium sulphate , 
b evaporakd to drync.ss with 4*035 grins, of hydroehlorie acid containing 1*251 grins, 
of HCl, n'spectiveiy 4*(K)7 and 0*017 grni. of ehloride arc formed. (\ Baskerville 
found that cadmium sulphate when heated to ITK)' in a stream of hydrogen chloride 
funiishosaproduct with the composition 3(41804.4 ; at 2(K)", 2(^1804. 8H( ‘I ; 

and with a more prolonged action at *Mf, or with a shorter heating at a higher 
temp., cadmium chloride is formed. The cadmiom Bolphate hydrochloridei arc 
verj' deliquew^ent. 

L. N. Vauquelin,** and J. L. Gay Lussac found that When a mixture of zinc 
Buljihate and sulphur is heated to redness in an earthen retort, sulphur dioxide is 
evolved, and a mixtun? of zinc sulphide ami sulphak remains ; and H. Kow' found 
that zinc sulphate is converted into sulphide when heated with sulphur in a stream 
of hydrogen. According to G. Vortmanu and C. Padberg, soln. of zme and cmlrnium 
sulphates are not altered when boiled with sulphur ; but K. Briickner found that 
zinc sulphate is converted into the sulphide with the evolution of sulphur dioxide, 
when the salt is triturated with sulphur. F. von Koliell obtained by chance mono- 
clinic crystals of BUC hydrOfOlplu^e, ZnH 2 ( 804 ) 2 .«if* 0 , or Zn 8 O 4 .H 2 SO 4 . 8 H 2 O, 
from a sulphuric acid soln. of zinc sulphate. The salt is sparii^ly soluble in cold 
water and readily soluble in hot water ; it fuses when heat^, giving off water and 
sulphuric acid. R. Engel measured the solubility of cadmium sulphak* in sulphuric 
acid at 0 °, and found in grams per 100 grma. of water ; 
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HjSO, .0 1*90 6 18 13*78 21*23 23*34 26*38 36*06 

Cd804 . 7461 72*87 65*03 52*73 42 52 38*66 34*07 23*96 

Sp.gr. . 1 609 1*691 1*645 1*476 1*436 1*421 1*407 1*379 

F. BcrgiuH reported Home inaccurate data for the solubility of zinc sulphate in 
llllphlllio acid at 2r>“ ; J. Kendall and A. W. Davidson measured the solubility, 
and found ; 

Per cent. Zn8()4 . 0*20 0*30 0*41 0*45 0*41 0*45 0*62 0*67 

F.p. . . 28*4“ 40*1“ 46*4" 49*2“ 66*4° 78*0“ 94*8“ 128*6“ 

Solid ZnSoJnH,S 04 ZnS 04 (?) 

When zinc or cadmium sulphate is heat<‘d in a B<*aled tnbe with SOdium thiosulphate, 
J. T. Norton found sulphur and the metal sulphide are formed. 

According to J. L. Gay Lussac, when zinc Hul))hat<!, mixed with carbon, is heated 
to dull redness, sulpliur dio.xide and carbon dio.xide are evolved in the proportion 
2 : 1 by vol., and a mixture of zim* oxide, and traces of the sulphide remain ; and 
at a still higluT temp, some zinc is form<*d. If the mixture of zinc .sul])hate. and 
carbon be ruf)idly h<-at<*d to whit^'iicss in a porcelain ret^^rt, sulphur dioxide alone is 
evolved at first, then follows carbon monoxide with a little of the dioxide, and the 
resiilue is zinc sulphide. H. 0. Hof man and co-workers found the speed of the 
n*aetion betwi'cn zinc sulphate and <*arbon increases as the temp, rises from 4(X)° to 
r)28‘ , and at tin* latt(‘r temp., the sulphate la'gins to be directly conv(*rt(‘d into the 
sulphide. According to K. Htammer, carbon monoxide converts red-hot zinc sul- 
phate into tlu' oxi<h‘. A (liristofl found that a litre of a 2Y-8oln. of zinc sulphate 
at 15 ' and 720 mm. press., absorbs 0*072 grin, of carbon dioxide. G. Gore noted a 
rise of 0 41' in d mins, when O f) grms. of ]>owdered and dry silica were added to 
50 c.c. of a 10 p('r (‘cut. soln. of zinc sulphate. 

According to J. Matuschek, when a mixture of dry zinc sulphaOi and SOdium 
nitrite is shaken, nitrous oxide is formed. E. P. Alvarez obtained a white precipitaO* 
by adding SOdium pemitrate to a soln. of zinc or cadmium sul])hate. When zinc 
sulphate is heated in a stream of anunonia, W. K. Ilodgkinson and (.’. G. Trench 
tibtained approximately mol. proportions of zinc oxidi* and sulphide. For the 
complex salts with ammonia, tudc infra. If a soln. of zinc sulphate is tnuited with 
cupric hydroxide, and gradually heak'd, the colour suddenly changes from blue to 
bluish-green between 70*^ and 75”, and, after boiling a few minuti's, the soln. contains 
no co]»per. According to A. Recoura, the precipitate is a complex, ZnS 04 . 3 (’uC).aq. 

» According to 1). Vitali, cadmium hydroxide is formed when a soln. of cadmium 
sulphate is treated with silver oxide. K. Briickner reduced zinc sulphate by 
heating it with ])owdered magnesium, and found sulphur, suljihur dioxide, magnesia, 
and thiosulphate' were formed. K. A. Hofmann and K. Hoschele found that when 
fused with magnesium chloride, volatile zinc chloride is formed. C. Paal and 
V. Amberger studied the action of zinc sulphate on fats ; R. Rimbai'h and 0. Weber, 
and L. Kahlenberg and co-workers, on sugar ; C. J. Levites, on starch ; and 
A. Bonier, on albumen. 
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§ 17. The Ammino- and Complei Salts of Zinc and Cadmium Sulphatei 

H. Hose 1 found that unhydrouH zinc Huljiluite rajndly ahwirha ainmoina gan. 
much heat ia evolvt‘<l, and the inu88 Kwelln up ami erumhleN G) a white jiowder 
which retains nearly .31 pi-r cent, of ammonia, and eorreH))onds with Zn8()4.5NH3, 
zinc pentammino-sttlphate. The product gives off ammonia when hiMit4>d U) n^d- 
ness, and giv<‘8 a small suhlimaGt of ammonium sulphate ; the residin' is no longer 
soluhle in ammonia. The pentammino-salt dissolves in water with the partial 
}irecipitation of zinc hydroxide. II Hos«' similarly ])n'pared cadmium heiammino* 
SUlphatCf (AKSO4 6NII3, which is di'compohed hy wat<*r. K. Isambcrt iiH*asured the 
dissociation pre.ss. up to KXi ', ami he found at 18 .*H)8 mm. ; at ril .V, T.'!!) mm. 

and at liXj 1,374 mm. The break in the curvt* near RX) corresponds witli cadmium 
diamminu-flnalphate, ( Vi804.2NH3 ; above IGG ', the compound is comph'Gdy 
decomposed. F. Ephraim gave I** ' for the b’Uip. of decomjiositiun 01 zinC 

hezanimino-sulphate. 

According to A. Gunn, a soln of zinc am m mo-sulphate can he pn*[)ared by 
dissolving about 0 2 grm. of zinc KulphaU^ in .3 c.c. of watiT ; and adding aq. ammonia 
(sp. gr. 0'880), drop by drop, until two drops have been added in (‘xcess of that 
required to redissolve the precipitate ; 10-12 drops of a 10 per cent. soln. of sodium 
phosphate are then added, and .3 c.c. of water. The soln. is quite, clear, but, when 
heated, the liquid becomes opaque, and the turbidity increases as the temp, rises 
until a thick curdy precipitate falls. This result is due to the dissociation of the 
soluble ammino-sulphate. When the veswd containing precipitate and mother 
liquid is warmed, the precipitate is quickly dissolved leaving the soln. as 
clear as at first. The precipitation by heating and re-solution on cooling can bo 
repeated many times if care be taken to prevent the loss of ammonia. The 
equilibrium conditions in soln. containing zinc suljihate, water, and ammonia have 
been studied by W. Zubkowsksja. 8. TsohumanofI has measured the electrical » 
conductivity of the soln. ; and A. A, Blanchard the viscosity of the soln. W. Oaus 
found the van. press, of iV-NH40H in 0 0liV-Zn804 soln. at 25”^ is lowered by 
0*44 mm., and similarly with cadmium sulphate, 0*52 mm. ; he inferred that the 
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Boln. contains 3 or 4 niols of NHg per gram-atom of zinc ; H. Euler also inferred 
tbst the complex cation [ZD(NHg )4 is present in the soln. ; and K M. Dawsoo 
and J. McCrae also showed that in soln. containing a large excess of ammonia, 
4 mols of ammonia are united with one mol of zinc sulphate. W. Herz has studied 
the equilibrium between soln. of cadmium sulphate and ammonia. 

According to it. J. Kane, when ammonia is passed into a hot sat. soln. of zinc 
sulphate, until the precipitate is redissolved, doeculent granules of Jnonobjdntdd 
Mine dianmunCHnilpliato, ZnSO^.'JNHg.HgO, are deposited as the soln. cools ; and 
more of the same product is obtained by evaporating the soln. to dryness, or allowing 
it to stand in a warm place. A gummy mass with the same composition is obtained 
by heating hydrated zinc tetrammino-sulphate until' it begins to melt; if fused 
for a longer time, it loses its water, and forms what is possibly zinc dianunino- 
nilphate* ZnS04.2NH3. At a still higher temp, the whole of the ammonia is evolved. 
When treated with water, zinc tetrammino-sulphate and ammonium sulphate pass 
into soln., and decahydrakd zino pentozysulphate, ZnSO4.r)ZnO.10H2O, remains 
undissolved. F. Ephraim gave 185 ° for the decomposition turnip, of zinc triailimillO- 

lulpbate. 

G. Andre re})orted that when a current of ammonia gas is passed into a cooled ‘ 
soln. of zinc sulphate in aq. ammonia, the soln. becoiiH's opalescent ; and if the 
passage of the gas is discontinued at this point, the liquid S 4 ‘parat<‘R into two layers. 
Wluui agitated, tlui two layers form an emulsion, but they rapidly separate again * 
on standing. If the passage of the ammonia gas is continued, the bulk of the lower 
layer increases, and deliquesi'cnt needles of t^drated zinc tetramminosolphate, 
Zn8()4.4NH3.3H20, separab^. If the lower layer is allowed to rniiain by itself, it 
usually does not crystallize, but in some cases large tabular crystals of the same 
composition as the needles are depositt^d. When the lower layer is agitatt'd with 
alcohol, no mixing occurs, but slender needles gradually separate; at the junction of 
the two liquids. If a mixture of crystals and the lower liquid is gt*ntly h(‘aU.*d at 
about 20°, the crystals dissolve with evolution of ammonia, and an oily lower layer 
then aeparat(;a and gradually incrt‘ase8 in volume. At 28 ° all the crystals have 
disappeared, and at 3 ( 1 ° the liquid becomes homogeneous. Tlie u])per layer has a sp. 
gr. of 0 953 at 8°, and contains 25*69 per cent, of ammonia, and 2*15 per cent, of 
zinc ; the lower layer has a sp. gr. of 1*2714 at 8°, and contains 22 16 per cent, of 
ammonia, and 13*62 per cent, of zinc. The separation into two layers can be 
observed with strong aq. ammonia and an aq. soln. of zinc sul])hate. 

* If the soln. employed in the preparation of hydrated zinc diammino-sulphate be 
evaporated at ordinary temp., K. J. Kane showed that transparent crystals of tetra- 
hydrated zinc tetrammino^phat^ ZnSO4.4NH3.4H2O, art; formed ; and these 
become opaque, when dried m air, passing into dihydiated zinc tetrammino- 
lUlphatCy ZnSO4.4NH3.2H2O ; and when kept between 27 ° and 38 °, another mol 
of water is evolved and the mass crumbles to a white, ])owder. If kept for a while 
at 100°, water and ammonia are given off, and the diammino-sulphatc is formed as 
indicated above. The crystals are soluble in water. According to G. Muller, when 
a sat. soln. of zii\c sulpliatt; and ammonia is treatt'd with alcohol, a syrupy liquid 
is produced which, in time, de|K>sit8 tt*trahedral crystals of tht; dihydrated 
tetrammino-sulphate which lose ammonia when exposed to air ; if the crystallization 
occurs during a winter’s cold, the tetrahydrate is formed, F. Ephraim gave 98 * 5 ° 
for tin! decomposition temp, of zinc tetrammino-sulphate. 

R. Schindler claimed to have made tctrahyorated zhu) tetnunmino-triozy- 
I1llphlte« ZnSO4.3ZnO.4NH3.4H2O, or 4ZnO.SOi.4NH3.4H2O, by precipitation 
from a boiling soln. of zinc sulphate supersaturated with ammonia, and continuing 
the boiling until the liquid no longer smells of ammonia. R. Schindler further 

* found that when alcohol is added to an ammoniacal soln. of zinc mono- or tri- 
oxysulphate, small crystals are precipitated in which the proportion of acid : ammonia 
is less the greater the dilution. A soln. of zinc sulphate is not rendered turbid by the 
addition of small proportions of water, but with larger proportions of water, the 
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precipitate of basic sulphate is granular, and with still larger proportions of water, 
the precipitate is gelatinous. An ainmoniaeal soln. of sine sulphate, when exjKMt^d 
to air, deposits zinc tetroxysulphate, and a zinc aiuminosulphato remains in soln. 
G. Bonnet obtained a zinc amminoxysulphatc with 2'i'I pi*r cent, of ammonia, 
81 65 |)er cent, of zinc oxide, and 15*93 |M»r cent, of sulphur trioxide, by diluting 
an ammoniacal soln. of zinc sulphate with water. 

G. Andr^. and H. L. Wells prepan^d dihjrdrated cadmium tatraomiiiio<«alph«t6| 
Cd8O4.4NH3.2H2O, from an ammoniacal soln. of cadmium suIphaU^ by evaporation ; 
by pouring a layer of alcohol over the wiln. ; by passing ammonia intti the well* 
cooled Holn. P. J. Malaguti and M. Sarzt'au obtaimd tatnthydntod cadminiB 
tctranunino-inlphate, Cd8O4.4NH3.4H2O, by pouring alcohol into an ammoniacal 
soln. of cadmium sulphate. The yellow crystals are deeomjiostd by water, and 
give off ammonia when exj)08ed to air. G. Miiller pn'pan'd short six-sided jirisms 
by a similar process, but they contained 2^ mols of wat4‘r. 

A soln. of eq. proiwrtions of zinc and ammonium sulphates furnishes crystals 
of hexabfdrated ammonium line sulphate, Zn804 (NH4)2804 .gH 20. With a 
gr«‘at excess of ammonium sulphaU', H. Kempf * found the yield to b«* almost (piauti- 
tative. The double salt was pnqiand by P. Tassaert, and J. I. Piern*, and the 
latU‘r's analysis corresponded more dowdy with the assumption that the crystals arc 
he pta hydrated. J. Troeger and E. Ewers made tlie crystals by digesting freshly 
precipitated and well-washed zinc hydroxide in a soln. of ammonium suljiliatc, and 
evaporating to crystallization. F. lleindel also obtained fine ( rystals of the salt, 
G. Wulff studied the rate of soln., and the rate of growth of the ('rystals ; and also 
the disturbing influence of concentration currents. The transjian'iit, colourless 
crystals have, according to E. Mitscherlich, the same form as the corresponding 
ammonium magnesium suljihate. The iiioiiodinic prisms weit* examined by 
P. von Kobell, A. Murmann and L. llotU'r, J. C. G de Marignac. and A. E. H. Tutton ; 
and, according to the latter, they have the axial ratios a:b:c O' 7368 : 1 : 0*4997, 
and ^=106^* 51'. N. I. Surgunoff found the etched crystals had the symmetry of 
holohedral forms of monoclinic crystals. H. de 8enarmont studu'd the ojitical 
properties of the crystals. The sp. gr. given by L. Playfair and J. P. Joule is 1*897 ; 
by 11. 8chiff, 1*910; by H. G. F. St'brdder, by P. L. Perrol, 1931; and by 
A. E. H. Tutton, l*9'l<)8 at 2074^ I-'- Playfair and J. P. Joule found the sp. gr. 
of the salt dehydrated without fusion to Iw 2*222 ; and H, G. F. Schroder, 2*273. 
A. Murmann and Ij. Hotter gave 209*5 for the mol. vol., and A. E. H. Tutton, 
206*«'58. When heated, the double sulphab' was found by P. H»‘indel to Ik* convert<K4 
into anhydrous zinc sulphate. The crystals of the salt have a ])ositive double 
refraction, and A. E. H. Tutton's values for the thix'e indic'cs of refraction arc : 




C-Unfi KH'lloe. 

TMlnp. 

FWw. 

(;-Unr, 

a 

, 1-4858 

1-4862 1-4888 

1-4914 

1-4948 

1-4992 
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. 1-4900 

1-4904 1-4930 

1 4967 

1-4990 

1-6036 
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1 4967 1-4994 

1-6027 

1-6056 

1-6102 

The raising 

of the temp, from 20*^ 

’ to 70” lowered the 

se numbc'i 

rs between 

0*(X)13 and 


0*(X)19 unit. F. L. Perrot also obtained concordant values for tln'se constants, 
and he gave for the refraction eq, 102* 70^-103* 74. C. Borel’s values for tln^ dudectric 
constants are /ti“7'56, 6*62, and I*g -5*35. E. Tobler found tliat 100 jiarts of 

water dissolve ; 

0 * 10 * 18 * 16 * 20 * 30 “ 45 * «)“ 75 ' 86 * 

(NH4),Zn(S04), . 7-3 8*8 100 12 5 120 10 6 21 7 29-7 37 8 46*2 

J. Locke found a litre of a sat. soln. at *25^ has 140*8 grms. of salt, F. lit'indel found 
the aq. soln, has an acid reaction. When trt‘ated with sodium |H*r8ulphate, the 
nitrogen is oxidized to nitrate. 

According to J. Troeger and E. Ewers, a neutral soln. of cadmium sulphate 
gives a precipitate of cadmium hydroxide when tn*ati*d with a(p ammonia, but no 
precipitation occurs if a little ammonium sulphate be present. E. BCitscherlich 



636 


INORGANIC AND THEORETICAL CHEMISTRY 


first prepared heuhydrated ammonitun cadmium sulphate, CdS04(NH4)2S04.6H20, 
by tae spontaneous evaporation of a soln. of equi-molecular proportions of the 
component salts. H. Rose, and C. von Hauer obtained the double salt in a similar 
manner ; H. Schif! crystallized the salt from hot soln. ; and J. Troeger and E. Ewers 

n ared the crystals by digesting freshly precipitated and well-washed cadmium 
•oxide in a soln. of ammonium sulphate, and evaporating to crystallization 
from the soln. acidified with sulphuric acid. G. Andre obtained crystals with 
the composition Cd804.3(NH4)2804,10HjjO by the prolonged action of cadmium 
oxide on a soln. of ammonium sulphate ; and H. L. Weils, Cd804.3(NH4)2804. 
According to C. F. Kammelsberg, hexahydrated ammonium zinc sulphate forms 
monoclinic prisms analogous with the (;orresponding potassium salt, and with 
axial ratios «: 6 : c~0*7431 : 1 : 0-4945, and j3=l07'' 41'. A. Murmann and 
L. Rotter measured the crystal constants. Large crystals are opaque, small ones 
transparent. H. 8chilf found the sp. gr. to be 2-()73. A. Murmann and L. Rotter 
found the mol. vol. to be 215-73. The crystals are stable in air, and eftioresce when 
dried over sulphuric acid. The salt loses all its water of crystallization at 100", 
and melts at a higher temp, and loses water and ammonium sulphate, and finally 
sulpliuric acid, leaving behind basic cadmium sulphate. According to von 
Hauer, the salt can be crystallized from water without decomposition. J, Locke 
found a litre of watiT dissolves 735 grins, of the anhydrous salt at 25'. F. Riidorll 
dialyzed soln. of the salt, and measured the f.p. of the soln. ; H. C. Jones and 
B. r. Caldwell measured the lowering of the f.p. and the (‘lectrical conductivity of 
soln. of the salt. 

No compounds of lithium sulphate with zinc or cadmium sulphate have been 
observed. C. F. Rammelsberg ^ failed to make a double salt of lithium and zinc 
sulphates. According to G. Calcagni and 1). Marotta, lithium and cadmium 
sulphates give a V-shaped fusion curve with a eutectic at 551" with 45 per cent, of 
the cadmium salt. T. Graham prepan'd tetrahydrated sodium zinc sulphate, 
Na2S04.ZnS04.4il20, by evaporating in vacuo over com^. sulphuric acid, a mixed 
soln. of zinc sulphatii and sodium hydrosulphate, NaH804 ; and J. Koppel, by melt- 
ing together eq. projiortions of the component salts at 25". T. Graham stated that 
the double salt is not obtained from aq. soln. containing zinc and sodium aulphab's, 
for the component salts separated indejiendently from the complex in cold or warm 
weather. Similar results were obtained if eitlu'r salt was in excess. Hence, added 
T. Graham, “ sodium sulphate does not disjilace the saline water of zinc sulphate 
,80 easily as jiotassium sulplmb' does.” On the other hand, C. J. B. Karsten stated 
that he obtained the double salt by crystallization from a soln. made by adding 
Glauber's salt to a sat. soln. of zinc sulphate, or zinc sulphate to a sat. soln. of 
Glauber’s salt, or from a mixed soln. of sodium chloride and zinc sulphab'. He 
added that if the mixture be strongly heated and suddenly cooled, the two .salts 
crystallize out separately. (’. Tomlinson, (’. F. Bucholz, and .1. Ko])pel also 
obtained the double salt from a<p soln. of the component salts. The last-named 
found that the temp, of formation is 8 7", and the cryohydric temp, of a soln. of 
zinc and sodium sulphab's is —8-3". He also studied the conditions for the forma- 
tion of the double salt In aq. soln. The double salt is the sole solid phase at 25" 
when 17-58 and 15' 03 per cent, respectively of zinc and sodium sulphaks are in 
soln., and at 40", when 17"75 and 15*72 per cent, respectively of zinc and sodium 
BulphaU's are in soln. W. H. Miller found the monoclinic crystals have the axial 
ratios a:b: 1*344 ; 1 : 1‘422, and j3— 100" 22'. A. Scacchi also studied the 
crystals. T. Graham said that the double salt is decomposed when dissolved in 
water. The crystals art' about as deliquescent as sodium nitrate in a damp atm. 
The salt loses its waU'r of crystallization when heated, and fuses at a dull red heat 
without losing acid fumes, and solidifies when cooled to a white opaque mass. 

G. Calcagni and D. Marotta found that the reactions between fus^ sodium and 
cadmium sulphak's are very different from those reported by H. le Chatelier. The 
fusion curve shows that three compounds are formed : trisodium odminin salphats. 
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3Na^i,CdS04, melting at 351^' ; todiom cidminm lol^hato. NajjSOi.tMao^, 
melting at 551 ^ and having a tramdormation point at about 4%'; and lodiuil 
trteadminm fulphate, Na3jS04.3CdS04. melting at 716®, and having a tranaforma' 
tion point at about 4r>6®. C. von Hauer pn^pared small cr\’staU of dihydntad 
sodium oadtnioin snlplutie, Nas8O4.CdSO4.2U2O, by (rYstallixation from cone, 
»oln. in the pM'Muue of an excess of sulphuric acid. J, Kopja‘1 has studied the 
conditions of existence of this salt in aq. soln. The double salt is the sole stilid 
phajM* under the following conditions : at 24® when 22‘2r> and 15 1)7 per cent, of 
cadmium and sodium sulphates are in soln. ; and at 4(C, when 22 HU and 15 65 per 
cent, of caxlmium and sodium sulphat-es are in soln. 

F. H. Mallet * claimed to have prepart'd crystals of poUttium dirin n gulphltd, 
K28()4 2Zn804, by fusing these projMirtions of the component salts ; the cohl mass 
crystallizes in tetrahedrons; fust's at a red ln*at, and the mass bloats on cooling; 
adsorbs moisture from tlic air, anti then decttmpows. E. Mitscherlich pre])art'd 
hexahydrated potasaom sine sulphate, K.M804.ZnS04.6lLtb m the same manner 
as tin* corresponding ammonium salt. According to J. 1. Iht'rre's analysis, the salt 
has 7 mols of ILO, hut this is wrong. H. (Jerhart studied the development of the 
crystals in acid and nt'utral soln. F. Hammelsherg, K. K. Tescliemakcr. A. Miir- 
mann and L. l{ottt*r liave published crystallographic measurements of tlie inono- 
cbnic prism.s ; A. K H. Tutton gaye for the axial ratios a : h : c— : 1 : o r>CH4, 
and |3 lot' hS'. The crystals are. isomorpiious with the corresjionding potassium 
magnesium .suljihate. The sji. gr. was found by H. Kopp to lx* 215*1 ; by L Play- 
fair and J. P, Jonh', 2'2'l<)31 at 4” ; by H Si hifT. 2'l5.‘i ; by H. (1. F. Schroder, 
2 211 ; l>y F. E. JVrrot. 2’2i5 (15 ); and by A K H Tutton, ‘2’245H at 2(>74®. 
The sp. gr of the dehydrated salt is given by L IMayfair and .1, P. Joule as 2'H16 ; 
and by If. G. F. Schroder, as ranging from 2 24ti to 2 2P.« if not melted, and from 
2 7<)3 to 3 027 when melted and cooled. A. E. H. 'riitton gave 1%16 for the mol. 
vol. I. Trauiie found a 10 jier eent, soln, has the sp. gr, I 0678 at 15 , and the 
specific cohesion 14 012. N. van d«*r Wal. and J. M. van Iteniinelen and 
P. U. B. Ingenhoes studied the rate of difTusion of the soln. According to 
'r. (fraham, the hexahvdrate Ioh<*h 5 iiiols of watc'r in vacuo at 25’, and the sixth 
mol at 121" ; J. I. Pierre said at 180' . F. M, Itaoult studied the lowering of the 
f.p. of the soln. G Brum gave —PO^ for the «ryohvdnc t<*mp. of the, mixtiiro 
KoZn(S()4)2 f ZiiS()4 ; and —6 6 for the mixture K2Zn(S()4)2 i K2SO4, J. P, Joule 
ami li. Playfair gave 0'00824 for the coeff. of euhical exjmimion between 0" and 
100'. H. kopp gave 0'270 for the sp. ht. P. W. Bridgman found that up to, 
press, of 12,000 kgrms, per s(j, cm., hexahydrated potassium zinc suljihaO* shows 
tio signs of undergoing a polymeric change ; nor dews the anhydrous salt at jiress, 
up to 12,000 kgrms. per sq. cm., and at room t<*mp,, but there is a shar|) hn;ak in 
the volume-jiress. curve at higher t<*mj). This is taken to correspond with thi* 
n^veraihle decom]»osition of the salt, J. Thomwn gave 4140 Cals, for the heat of 
formation from K2S04-f ZnS04 ; for the heat of hydration, K2Zn(Sf)4)2-l H2(), 
18'91 Cals, at 18®, and for the heat of soln. of K2Zn{S04)2.«H20 : 

n ... 0 1 2 3 4 r> 0 

Heat of soln. . 7 009 4 065 0-446 -2 634 -6 010 -9 176 -11-900 Cal*. 

The crj'stals of hexahydraU'd pot^ium zinc- sulphate have a jKisitive, iloiihlo 
refraction, and A. E. H. Tutton gave for the three refractive indices : 


IJ-llno 

CUne 

Na-Ilne 

TlUni* 

J-'-llna 

r;-llne 

1-4748 

1-4762 

1 4776 

1-4797 

1-4826 

1-4866 

1-4806 

1-4809 

1 4K33 

1-4867 

1-4889 

1-4929 

1-4938 

1 -4942 

1-4969 

1 4994 

1 6027 

1-6067 


and for a rise of temp, from 2fP to 70®, the indices lH*come smaller by about 0-(X)18. 
F. L. Perrot made some concordant observations on the indict^s of refraction. 
J. H, Gladstone and W. Hibbert found that the mol. n-fraotion for the H.-, H^i', 
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and the Na-lines of a 8*41 per cent. sob. was respectively 95*95, 98*01, and 96‘03 > 

and for a 11*94 per cent, sob., respectively 95*77, 98*08, and 95*94. B. Bonty, 

and J. Trotsch measured the electrical conductivity of aq. sob. of the salt C. Borel 
gave for the dielectric constant ^2=6*42. 

C. F. Bucholz reported that one part of the salt dissolves m 5 parts of cold water ; 

E. Tobl(>r that 1(X) parts of water dissolve 

O'* 10" 15 " 25" 36" 45 " 50" 58" 65" 70" 

Salt . . 12 6 18-7 225 28*8 39 9 51-2 64-0 67-0 81*3 87*9 

J. Locke found that a litre of water at 25° dissolves 131*9 gnns. of the anhydrous 
salt. 

G. Calcagiii and 1). Marotta made a thermal analysis of fused mixtures of 
cadmium and potassium sulphate's, and noted the formation of two compounds, 
potasiinm dioadminm sulphate, K2S04.2CdB04, melting at 763°, and of pobom 
trioadmium sulphate, K2804.3CdS04, melting at 813°. According to E. Mitscher- 
lich, hexahydrated potassiip cadmium sulphate, K2SO4.CdSO4.6H2O, can bo 
made ; and C. von Hauer claimed to have made it, but with difficulty, by saturating 
a sob. of potassium hydrosulphate with cadmium carbonate, acidifying with 
sulphuric a<nd, and evaporating the sob. spontaneously. The salt cannot be 
obtained by cooling a hot sob., and it is liable to decompose! in its own mother 
liquid with a change of temp. The crystals are said to be efflorescent, and H. Schiff 
gives 2*438 for their sp. gr. Q. Wyrouboi! said that the salt may possibly be 
obtained by crystallization of the sob. b'low 0°. A. E. H. Tutton did not succeed 
in making the hexahydraU'. By spontaneously evaporating a neutral sob. of the 
component salts, C. von Hauer obtained crystals of hemitrihydrated potassium 
cadmium sulphate, K2S04.CdS04.liH20. According to G. Wyroubofi, the crystals 
are formed in aq. sob. between 26° and 64° ; by exposing the dihydrati' in air ; 
or by bleating the t<5trahydrate to 120°. According to J. A. Krenner, the mono- 
clbic prisms have the axial ratios « : /> : c -()-9873 : 1 : 2*0246, and j3-~l04° 42'. 
G. Wyrouboff gives for the solubility per lUO grms. of watt'r 42*50 at 26° ; 42*80 
at 31° ; 43*45 at 40° : and 44‘IK) at 64°. G. Wyroubol! made dihydrated potassium 
cad m iu m sulphate, K2SO4.CdSO4.2H2O, by evaporating a soln. of the components 
between 16° and 40°, or by exposing the ti'trahydrato to air. The plate-like crystals 
belong to the triclinic systimi and have axial ratios and angles a\h\c 
=^0*7967 : 1 ; 0*4242, and a-=89° 2.5' ; j8--=109° 22' ; and y-88° 26'. J. A. Krenner, 
^0. Miiggo, and (!. von Hauer also prepared cr>’atalH which had a strong negative 
double refraction, and a feeble dispersion. The sp. gr. is 2*922 at 16° ; and the 
mol. vol. 143. The crystals of the dihydrate lose water when exposed to air and 
pass into the hemitrihydrati'. G. Wyroulioff gave for the solubility in 100 parts 
of water, 42*89 at 16° ; 46*82 at 31° ; and 47*40 at 40°. G. Wyrouboff obtained 
monoclinic plate's of tt'trahydrated potassium cadmium sulphate, K2SO4.CdSO4.4H2O, 
by cooling a hot soln. of the component salts, or by evaporating the soln. btween 
0° and 16°. The axial ratios are a :b\ c~ 1*0894 : 1 : 1*2365, and j8==102° 69'. 
The sp. gr. is 2*523. The crystals have a positive double refraction and a feeble 
dispersion. The crystals effloresce on exposure to air, forming the dihydrate. At 
120°, the crystals lose 2^ mols of water and the n'mainder at 160°, forming the 
anhydrous potassium cadmium sulphate, K2S04.CdS04. 

According to R. Bunsen and G. Kirchhoff, the sulphates of the magnesium family 
readily form double salts with espsium and rubidium sulphates. A. E. H. Tutton, and 

F. L. Perrot prepared hczahydrated rubidium sine sulphate, Rb2SO4.ZnSO4.6H2O, 
and hczahymtedcsesium sbe sulphate, C82SO4.ZnSO4.6H2O, in monoclinic prisma 
by evaporating a soln. of the component salts. A. E. H. Tutton’s values for the 
axial ratios of the rubidium salt are a : 6 : c=0*7373 : 1 : 0*5011, and j3=:105° 53', 
and for the ciesium salt, a : 6 : c— 0*7274 : 1 : 0*4960, and j8=107° V. F. L. Perrot 
made similar observations. The sp. gr. of the rubidium and csesium salts, according 
to A, B. H. Tutton, are rcsiiectively 2*591 and 2*875 ; and, ifccording to F. L. Perrot, 
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wspccteiVBly. 2*595 uid 2*88, Th® doublo refraction of both ludt® is jKMiitiv®, 
A. E. H. Tutton found for the three indicee of refraction of the rubidium salt : 


Uttae. 

C-llw». 

NM-Hre. 

Tl-Hne. 

r-llne. 

1-4807 

1-4811 

1 4833 

1-4867 

1-4886 

1*4866 

1*4860 

1-4884 

1'49UK 

1-4938 

1-4947 

14061 

1-4976 

1-5001 

1-6033 


o-iiiH) 

1 49S0 
Vim 
I 0078 


with a diminution of 00012 when the temp, rist^s from 20^ to 70 "'. lie ahio found 
for the ctcHium salt : 


a . . 1-4994 1 4998 1 6022 1 6047 1 5079 1 5126 

. 1 5020 1 8024 1 6048 1 507a 1-6104 15161 

y . 1-6064 1 6068 1 6093 1 6119 1-6162 1 6199 

with a diminution of 0 001() when the temp, rises from 20'' to 70 ’. F. L. IVrrot also 
made concordant obsi'rvations on these two salts. J. Ixicke gives for the solubility 
of the anhydrous salt in a litn* of water at 25'', 0-23G grm. of the rubidium salt, and 
0'7I18 gnu. for the capsium salt. 

According to C. J. B. KarstAm,^ CUprio lOlphAto dissolvt^s slowly in a sat. soln. 
of line sulphatA* ; but the lattiT dissolves rapidly in a sat. soln. of cuprii' sulphate ; 
and in both cases, the undissolved portion of the addi'd salt is converted into a 
double salt. E. Mitiw'herlich found that a double salt crystallises from a soln, 
containing an excess of zinc sulphate and the i-rystals have the form of ferrous 
sulphati* with 7 mols of wat<‘r of crystallization, while the crystals of the double salt 
obtained from a soln. containing an excess of cujiric sulphate rescmihle the latter 
and have 5 mols of water of crystallization. (’. F. llamiiwdsbi'rg HtatA‘d that in order 
to get the last-named crystals, for each mol of ZnS04.7H20, at least 5 mols of 
must be jiresent -C. Weltzien stated 13 mols of (’uSOi fiHjjO. 0. von 
Hauer obtained what he regarded as a double salt ((’uS04.7H20).2(Zn804.7Hg()) ; 
J. Isifort, J. M. Thomson and W. P. Bloxam, and J. Nickl^s, the double salt 
(CuS04.7H20).3(Zn804 7H2O) ; and W. H. Wollaston, the double sait(CuS()4.7H20). 
4(ZnS()4.7H20). The mixed crystals, (’uS04.2Zn8()4.2HH«(), obtained from the 
liopper ores of (’lu'ssy, were called viiriol mixtr Ch^pre. A. Scott also reported 
crystals of C'u804.2ZnS04.3H20 analogous with ('u8O4.2Fe8O4.3HxO. The 
minerals buKhmiitf. of ; brongniartinr of .f. J, N. Huot ; kruurigiie of 

O, Fondihammer ; and uarrxmjtonite of N. S. Maskelyne, are more or less impure 
mixed crystals of zinc and copper sulphates ; they wen* also analyzed by G. Magnus, 

P. Berthier, H. Kisse, F. Pisani, R. Wurringt-on, G. Tschermak, F. von Kobell,* 
F. Field, J. Domeyko, F. A. Genth, etc. P. A. Favrt‘ and ('. A. Valson measured 
the heat developed during the soln. of the mixed crystals in wat<‘r. E. 8. Larsen 
and M. L. Glenn discussed the fnflupierites, (Zn, Cu, Fe)804.7Hx0 ; and the ch(U- 
canihites, (Zn, Cu)S04.5H20. 

J. W. Retgers found that with soln. of zinc and copper sulphates, rhombic 
niixed crystals resembling ZnS04.7H20 are produced with up to 2 32 per rent. 
CU8O4 7Hi0 ; monoclinic mixed cry^stals with Hi 65 to 34-41 per cent. (yuS04.7Hx0 ; 
and trielinic mixed crystals with 16-65 to 34'41 p<‘r cent. Ou804.7 H20 ; and 
triclinic mixed crystals with 92*02 to KX) per cent. CU8O4.5H2O. The composition 
of the mixed crystals of one salt with a maximum of the other — mixing Umif —ytu 
shown by H. W. Foote to be a function of the temp. The two salts do not form 
completely isomorphous crystals between 12° and 56° ; and in soln, yielding two 
forms of mixed crystals, the proportion of copper sulphate in soln. remains nearly 
constant, while the proportion of zinc sulphate increases considerably with rise of 
temp. The subject has also been investigated by K. Hollmann, E. Cohen, 
,W. Stortenbeker, and L. dc Boisbaudran— wde cupric sulphate. J. W. Ketgen 
believed that no double compound of zinc and copper sulphates has been prepared, 
but B. Hollmann inferred that the existence of maxima in the van. press, curves 
of soln. of the mixed salts corresponds with the existence of soln. of dednite double 
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compounds. A. Etard obtained rose-coloured crystals of a cupric zinc hydmuU 
phale, 2(Zn804.Cu804).H2804, by heating to 200'’ a soln. of the constituents in the 
smallest possible proportion of water, and in large excess of cone, sulphuric acid. 
Mixed crystals of triple galls with zinc, cupric, and ammonium sulphates were 
studied by H. Vohl, and A. Fock.; and mixed crystals of zinc, cupric, and potassium 
sulphates by A. Bette, and H. Vohl. Mixed crystals of cupric and cadmium 
8ulphatt‘s were found by J. W. R«,*tgers to he colourless and monoclinic with 99 45 
to KX) per licnt. of CdS04.3ll20 ; and blue and triclinic with 98‘29 to 100 per cent, 
of Cu804.r>H20. 

lk)veral buic OUpriC zillC sulphates have bf 5 on repork^d. The mineral serpierile 
occurs in rhombic crystals at Laurium, and was desoribed by A. des Cloizeaux,® 
and E. Bertrand ; cuprogoglarile occurs as a greenish-blue incrustation on the 
walls of an abandoned zinc mine at Galena (Cherokee, Kansas) and was described 
bv A. F. Rogers. A. llecoura described as compounds 7ZnSO4.24CuO.nH2O, and 
Zn804.:iCu0.H20 ; A. Mailhe, ZnSO4.3CuO.5H2O, ZnS04.5H20, 2ZnS04.3Cu0. 
I2H2O, and 3Zn0.2CuS04.12H20 ; and A. Larsen, 2Zn0.Cu804.2lH20. A. Recoura 
also described basic cupric cadmium sulphates, 6CdSO4.20CuO.nH2O, and 
CdSO4.3CuO.nH2O ; and A. Mailhe, 2Cd8O4.3CuO.8H2O, and 2CdS04.3Cu0.12H20. 

J. d’Ans*^ boiled a cone. soln. of potassium and zinc sulphates with calcium 
sulphab*, and rapidly washed the product with a little water, dil. alcohol, and a 
mixture of alcohol and ether. The dried product had a composition, dihydrated 
potassium dioaldum zinc sulphate, K2Cu2Zn(8()4)4.2H20, and he regarded it as a 
polasgium-zinC'paliihalile, Ht; likewise ))repared dRiydratod potassium dicaldum 
cadmium sulphate, K2(.'a2Cd(S04)4.2H2(), or pdiUHsium-cadwium-pithjhalilc, Accord* 
ing to 0 . Klatzo, monoclinic prismsofberyllium zinc sulphate, 2Be804.3ZnS04.35H20, 
isornorphous with heptahydrattid zinc sulphate, are obtained by crystallization 
from a cone. soln. of the component salts. 

C. J. B. Karston® found zinc sulphabj and magnesium sulphate crystallize 
together. W. Stortenbeker found the solubility isotherm shows a continuous 
isomor})hous series. R. Hollmaim assumed that double sulphab's are formed, but 
E. Bardlet believed that this is not the case. As E. Sommerb'ld showed, the 
question at issue depends on the definition of a chemical individual. H Dufet, 
and 0 . Wyroubof! found the variation in the sp. gr., and prism angle (111)) : (ifo) 
of mixturi's of zinc and magnesium sul[)hates to be : 

MgbO, . 100 78-88 74-44 «2-70 f,7-r>1) 42-80 .36-64 1811 0 

3p. gr. . 1-0760 1-7369 1 7472 1-7816 1-7977 1-8416 1 8604 1 9004 1-9600 

Anglo . . 90° 36' 90° 42-6' 90 ' 46' 90" 49' 90" 62' 90" 66 6' 90" 69' 91“ 06' 91“ 12 

G. Bruni found the cryohydric hunp. of mixtures of the two sulphates to be : 


MgSO« . . 100 69-6 68 8 37 6 19-6 0 molar % 

Cry. temp. . -6-2“ —6 -6" —6-6“ —6 0" —6 -2" —6-4" 


R. Hollmann gave for the vap. press, of mixtures : 


ZnSO* . 
H,80« . 
Vap. proas. 


0 204 

46-14 46-09 

7-7 8-0 


31-2 37 6 

4660 43-20 

8-2 8-7 


40-2 49-4 

44-17 4331 
8-3 8-7 


69-8 71-1 

40-93 41-60 

9-6 9-6 


79-0 100% 

41-04 38-61 
9-6 10-6 


'\E. Barchet determined the relation betwi-en the relative proportions of ZnS04.7H20 
a7\d MgS04.7H20 in soln. and mixed crystals. 


orysUlsj 
Soln. I 


ZnSO«.7H,0 

MgSO,.7H,() 

ZnS04.7H,() 

MgSlVTH.O 


13 41 20-26 28-67 31-29 4637 49-06 6966 

86 69 79 69 71 33 68-71 63 63 60-96 4036 

14-47 20 94 33-71 38 12 60-98 63 64 63 94 

85-63 79-66 76-29 61 88 49*02 4646 36 06 


The magnesium zinc 8ulphatt‘8 are : (i) ZnS04.MgS04.14H20, prepared, 

by J. I. which retains 2 mols of its water of crystallization at 5900 '’, but 

loses it at H. Schiflf gave 1*817 for the sp. gr. R. Hollmann, 

E. Barchet, ^on Hauer, and M. Schaeuffele have worked on this compound. 
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(ii) SZnSOf.^Mi^^.liHgO was also prepared by M. 8chi£f, who gav^* 1’770 for 
the sp. gr. (iii) ZiiS04.2MgS0^,21}^0 was pn^parod by H. lloHmatin, aud 
M. 8t'haeuf[tdo, but E. Barchet denied its existence. H. Sehifi also rejmrbnl 
magneiinin cadmium saipfaatet CdB04.MgSO4.1 411^0, to be formed by eva{M>rating 
a sulphuric a<. id soln of maguesiuin and cadmium. <'arlRmHt^« in eq. proportions. 
The »p. gr. of the four-sided }>ri«m8 is ri*i>2. The salt dried over sulphuric acid lias 
the comf)08ition CdS04,Mg804.(iHg0. A. Bette prepari'd tn/j/a salU of ainc and 
magnesium sulphatea with aminouiuiu or potaasmm Rulphate. H. Void prepared 
poUssiiim magnesiam nnc solpbate, 2X2804.7.11804 Mg804 12H2O and potassium 
ammonium magnesium sulphate, with (N 114)2 substituted in pUue of K^. 
H. Bchiil reported hydmhtl triple hhUs, ammonium potassium sinc sulphates, with 
(NH4)..S04 : K«804 : ZnS04 : H2O in the mol. proport urns 2 : 3 ■ 2 : d ; 1:2:1:18; 
and 1 : 1 : 1 : 12 . 
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§ 18. Zino and Oadmium Carbonates 

The term calamine —oi, in Germany Qalmei— is supjwsed to be a corruption of 
Pliny’s cttdinia. G. Agricola i said that the term was derived from cdUttnus, a reed, 
in allusion to the slender stalactitic forms common with cadmxa fornacum. The 
cadwia of Pliny, and the early writers, included both the silicate and the carbonate, 
as well as the oxide from the flues of furnaces. The two ores were confounded 
under the term lapis culaminaris, calamine, or galmei. Some early analyses showed 
a difference in composition, thus, T. Bergmann showed that a sample from Holywell, 
which he called zincum acido aero mineralisatum, contained 28 per cent, of carbon 
dwxide ; M. H. Klaproth, that a sample from Derbyshire contained 33 per cent, 
of silica ; and B. Pelletier, that a sample from Fribourg (Brisgau), which he called 
Meolite of Brisgau, contained 52 per cent, of silica. J. B. L. Rom6 de Tlsle distin- 
guished between the ciystalline forms of the two species, the one was described as 
occutring in prismatic ciystals with dihedral summits, and the other as scaleno* 
hedral like dog’s tooth spar, while R. J. Haiiy regarded zinc carhonaUe as an impure 
calcareous zinc oxydd. In 1803, J. Smithson established the difference between 
the two minerals and he denominated the silicate electric calamine, on account of 
its pyroelectric qualities. In 1807, A. Brongniart called the silicate caktmne, 
and4he carbonate zino carbonatde ; and in 1732, F. S. Beudant applied the term 
emithsonite to the carbonate. The two minerals were thus clearly distinguished 
and luuned* Confusion resulted when H. J. Brooke and W. H. Hiller suggested 
reversiug these terms, and when G. A. Kenngott proposed the term hemimor^hiU 
for the silicate. The carbonate is coAimonly called calamine or zinc spar by British 
ittineralogists, and emithsonite b}* American ; while the silicate is commonly called 
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hemimrphitt or ektifie caiamm by British mineralogisto, and cokmim by 
Ameriean. 

Ztoe earbooata ocean in n«iure m a orystalluad boiryoidal, ctalactitic, granular, or 
earthy man. Analyses have been published ^ J. SmitJ^s^* K. 8ohmidt> W. Eldertiorst. 
H. Ruae, P. Berthier, F. von Kobell, M. Long. F. d« Marigny. C. J. B. Karaten. F. A. Oentli, 
K. Ludwig, K. Blum, N, Collie, J. A. Tanner, U. Traube, J. Lootka, L. G, Bakuu and 
H. N. Stoj^, W. Ortlofl, P. Argali, W. H. MiJJ^, J. C. Brauner, C. H. Warren, A. Cliristo- 
manos, U. Linder, C. F. liammelaberg, F. Cornu, B. Neuuuuw and E. Wittioh, C. R van 
Hise, etc. A forruginoua variety has been called zinc-iron-spor, or, acoonling to 
A. Breithaupt, cajmitet or kapnite ; a cupriferous variety, henerUt ; a ferruginous and 
manganiferous variety, tnonheimUt ; and a cadmiferous variety, ci(d»iium'rinc-«par. 

In hiu estiay De acido a^eo {Upi>ala, 1774), T. Bergnmim stated that zino disHolvi'a 
m carbonic acid, and it forma zinc carbonate. K. Schindler ^ claimed to have 
made normal sine CS rbon ata, ZnCO^, containing a little water— probably owing to 
its association with a little hydrated basic zinc carbonak—by precipitating in the 
cold a Boln. of zinc sulphate in ten times its W'cight of wat(‘r with an equimolar 
pro^rtion of alkali hydrocarbonuU*. The white iiowder obtained by diy ing the 
wasned precipitate was considered by H. Karmarsen, and by J. l^efort to be a basic 
carbonate. R. Schindler also obtained a granular powder, supposed to be the 
normal curlMinate, by the spontaneous eva|)oration of a soln. of zinc, zinc hydroxide, 
or carbouaW in carbonic acid. K. Kraut recommended adding a soln. of 140 grms. 
of imtassium hydrocarbonate or of 117 gnus, of sodium hydrocarbonate, sat. with 
carbon dioxide, to a soln. of 100 grnis. of beptahydrated zinc sulphate, cooled to 
3® or 4'' ; the precipitaO; was filtered by suction as rapidly as jicssinle, washed with 
ice-cold water, and dried by press. H. de S^narmont made normal zinc carbonate 
as a crystalline ^wder, by heating in a sealed tube to 150'" an aq. soln. of zinc 
sulphaU' and sodium carbonate ; or to 160*", an aq. soln. of a zinc salt and sodium 
hyarocarbonate. G, Rose employed a similar process. L. Bourgeois recommiinded 
heating to KX)'\ in a iK>aled tube, a mixture of zinc and carbonic acid. P. N. liaikow 
passed carbon dioxide into water with zinc hydroxide in suspnsion. A. Schmidt 
synthesized zinc-iron-spar by mixing precipitated calcium carbonate with a soln. of 
ferruginous zinc sulphate, and allowing the mixture* to stand in the presence of free 
carbon dioxide. The crystals of gypsum were removed by washing with hot 
water. H. Rose added an excess of potassimu (not sodium) hydroijarbonate to a 
cold soln. of zinc sulphate, and found tiiat the product washed and dried at 
had the composition 5ZnC03.H20. H. St. 0. Devilic found that the precipitate 
obtained from soln. of zinc s^pl^te and ammonium hydrocarbonate, when allowed 
to stand with the mother liquid, forms a granular powder of hemihydnitid abVf 
carbonate, 2ZnC03.H20, which, acoording to U. Milcusch, is crystalline. A. Beiar 
obtained fine crystals of monobydratcd slnc carbonate, ZnCO^.H^O, by allowing 
sob. of zme carbonate m ammonium carbonate to stand for three mouths. The 
presence of copper carbonate facilitates the crystallization. K. Kraut also made 
the same hydrate by the action of sodium hydrocarbonate on a sob. of a zinc salt. 

F. Stronieyer,^ and J. F. John precipitated what they considered to be anhydrous 
cndnihini caibonnte, (MCC^, by adding an alkali carbonate to a sob. of a cadmium 
salt; but J. Lefort believed the precipitate to be hcmilqrdratcd oadmltiiit 
CarbODito, CdCQj.JHgO, wbch lost its water between 80'’ and 120°. K. Kraut 
made the hemihydiate by pouring a bige excess of ammonium carbonate into a cold 
sob. of cadmium nitrate. Acco^in^ to H. Rose, cadmium oxide is more readily 
attacked than zinc oxide by carbon dioxide, and less readily attacked by water. The 
precipitate obtabed by addii^ sodium carbonate to a sob. of a cadmium salt is 
washed with difiSculty ; the precipitate with potassium carbonate ajmroximates 
closely to that of nomuU cadmium carbonate, ^specially if an excess or potassium 
carbonate is empbyed, but m every case some basic cadmium carbonate appears 
to be formed : with cold cone. sob. the precipitate has Cd(OH)2 ; CdCO^ : U2O m 
‘the proportion 1:10:3; with cold dii. sob., 1;10:3; with hot cone, sob., 
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6 ; 50 : 11 ; and with hot dil. soln., 9 : 50 : 12. A. de SchuJten obtained dystak 
of the normal carbonate by washing with aq. ammonia the precipitate obtained by 
adding an excess of ammonium carlwnate to a cone, soln, of cadmium chloride, 
and heating the diliit<*d mixture on a water- bath ; or, according to L. Bourgeois, 
by lu'ating in a sealed tul)e- tire am()rj>hous carbonate with ammonium chloride or 
nitrat<5 and water at -IH*) ' ; or with urea at 140^ K. Kraut dropped a soln. 
of cadmium Hulphat-<- into an eq. w)ln of sodium carbonate; at the b.p,, or boiling 
the preci])itat<i with the mother liquid for an hour. 

Tlie crystals of zinc carbonate are sealenohedral and isonior])hous with the 
trigonal family of eahdt<*H ; according to A Bn'itJiaupt,^ the axial ratio is a : c 
"1 :t)*8()G2, and a -lO.")" 28' ; sifiiilarly, cadmium carbonate; was found by A. de 
S(diulten to have the uxial ratio a : c 1 : (> 8.‘iG3, and a -102 ' .‘it)'. A. Belar found 
inonohydrat<‘d zme carlionatt; forms bipyramids belonging to th(‘ rhombic system 
with a:h:c -0 8:il() ; 1 : 0-5994. According to W. L. Bragg, the X-radiogram shows 
the distance apart of the atoms in zinc carbonate to be 1*99 A., and of cadmium 
carbonate, 2 21 A. Some observations on this subject were made by M. L. Huggins. 
The spedfle gravity of zinc carbonat<', according to J. Smithson, is 4-339 ; 
W. Haidinger and W. H, Wollaston gave 4-42 ; A. Levy, 4*45 ; G. J. B. Karsten, 
4*3765 ; and W. OrtlotT, 4-30-1-4.5 — mol, vol. 28 r>l. The sp. gr. of cadmium 
carbonate wu.h given as 4-42 at 17“ by W, Herapath ; 1 4938 by C. J. B. Karsten; 
4-258 by II. (». K. Schroder; and 4*9()0 at 15“ by A. de Schulten. The hardness 
of zinc curbonaOi is near that of apatite — 5 on Mohs’ scale. This subject was 
discussed by A. Reis and L. Zimmermann. 

K. 0, Doeltz and (’. A. Grauinanu ® found that some carbon dioxide is given off 
when eorniuercial zinc carbonate is heated to 90“ ; the decomposition is faster as 
the teiu]). rises ; at 144“, the decomposition is rapid ; at 300“, the decomposition 
is comploU; in an hour, and in half an hour at 400“ or high(;r. F. 0. Doeltz and 
C. A. .Grauinami found the deeomjiosition of the native carbonate begins at 137\ 
and K. Friedrich found tliat the deeonqmsition of zinc spar begins at 395" ; 8iderit4‘ 
at 380’ ; magnesite at 570“ ; and calcspar at 895“ ; and that the diH'omposition 
of sinitlisoiiitt' is a maximum at 440“. G. Lindner found the specific heat of zinc 
carbonate is ()-1507 between 0“ and 1(K)“ ; 0'16()8, between 0' and 200“ ; 01706 
between 0“ and 300“ ; and ()-1740 between 0“ and 400“. He also found : 

60’ lOO’ 160’ 200’ 250* 

Sp. ht. . . 0-1607 0-1608 0*1706 0 1806 0 1902 

80 that the sj), ht. incnuises with rise of temp, and the increase is smaller the higher 
the temp. According to M. Berthelot, the neat ol formation of precipitated zinc 
carbonate is (Zn, U, 30)- 194'2 Cals., and, according to J. Thomsen, (Cd, C, 30) 
181-9 (5ils., or (Od, 0. C02)--84-93 Cals. 

W. Ortloll ^ found the, double refraction of native crystals of zinc carbonate, 
like that of other trigonal carbonates, is strongly negative, and the index of 
refraction c^-^^rGnoO. E. Goldstein studied the phoi^orescence of cadmium 
carbonate under the influeiiee of cathode rays. G. F. Kunz and C. Baskerville 
found hydrozincite from Algiers gives a fluorescence when exjiosed to ultra-violet 
light. Acconliug to J, Perrin, the particles of zinc carbonate suspended in alkaline 
soln. are negative ; in acid soln. they are positive ; and in neutral water, they are 
electrically neutral. A. E. Garrett found the ele^cal oonduotivity did not rise 
when the carbonate is heated. 

Zinc spar was found by F. Cornu ® to react distinctly alkaline to neutral litmus. 

J. von Essen found that a litre of water at 15“ dissolves O'Ol grm. of zinc carbonate, 
and F. Agono and E. Valla found at 25“, 1*64 XKT"* mols or 0'206 grm. per litre, 

H. J. Smith estimated that if zinc yarbonate were not hydrolyzed, its solubility in 
water at 25“ would be 4-58x10“^ mols per litn?. R. Fresenius said a litre of cold 
water dissolves 0 0224 gnu. of basic zinc cArbonate. R. Schindler found ignited 
zinc oxide does not absorb carbon dioxide from the atm., but H. W. F. Wackenroder 
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found that about 8'3 per cent, of carbon dioxide, w taken up if that gas Ik* [taMsiHl 
through water w'ith zinc oxide in auapi*naion. F dahn also showed that zinc 
carbonate, zinc hydroxide, and even metallic zinc, are easily soluble in an aq. soin. 
of carbon dioxide. C. A. Seyler showed that the solulnlity i« a function of the 
<iissolved carbon dioxide. Presumably sinc hydrooarbonate, Zn(HCU8):. passes 
into soln. H. J. Smith showed that the solubility of zin<' hydrocarlionule in 
carbonic acid, expressed in mols per Iitn‘ when the [)n‘8s. of th»‘ carbon dioxide is 
expressed in atm. at 25'*, is : 


l*r«wa. Cl), 

. 412 

704 

12 10 

19-73 

22-50 

40 01 

Mols H|l'Oj 

. OlHtK) 

0 2579 

0-4103 

0 (»(i57 

0 7010 

1 3701 

Mols Zn{HCO,), 

. 0 001P4 

0 tH»242 

000278 

0 (K)3I7 

0 00343 

0 (H)445 

a 

. 0 1K)U 

0 899 

0 894 

0 888 

0 S.S5 

0 871 

A'ylO» . 

. 3 40 

341 

335 

3 22 

3 33 

3 is 


w'herc a represents the dOgTOO Of iOOizatiOD of the zme hvdnu arbonatc Mich that 
afZn(Hn)^) 2 l--^F<‘-. Since [Ziv ijCOa" the solubility product; and 

[H pICOa'J A',[lU'Osl; and (H ICCV' I -AJIK’O,' |. 

yA,A^ ^ 

^ I A'., 

wher<* A is the equilibrium c(>n.‘'tunt for tin* HVsteni The average value of the 
equilibrium constant, A, at 25' is (Hmi.'PPI, and at ‘Vi , From the known 

values K -3'dtlxl(r<‘ ; A'j .'P-'tO X ; and A'o 1 !>1 ' l<r it follows that tin' 
solubility jirodiict of zinc carbonate at 25 is A'.j 21xlo“’“. ImriK'rwalir 
obtained values for the Kilubihties of ziiie and « admuim « arlxinates. and she studied 
the ai tion of potassium carbonate on soln. of the chlorides 

J. von Essen found that tin* solubility of zinc carbonate is raised wlnm s<nlium 
chloride, or f)ot(t.<t.siinn chloride is also pre.sent, and the action of tin' alkali elihuHies 
on zinc curbonat(* was studied by A (’antoni and J. Passamanik. If Elilert found 
that a litre of a 5 per cent, soln of sodium chloride dissolves 0 02275 grm Znf^f.j ; 

10 per cent soln , 0 01561 grin ; and a sat soln., O'l.TOS grm ; a litre of a 10 per 
cent. soln. of siMhuin nitrate disH(dvcH 0 0.58‘J81 grm. Zid't),, , and a sat. soln. 
O'lKKIgrm. ; alitre of aJlO per cent. soln. olsodium vM/p/m/cdiKsnlveHO(K>!t‘il5 grm 
of Znf '03 ; and a litre of a sat s<dn . 0015521 grm. A small pro)ii>rfion «d sodium 
sulpiiate thus dcpri'sscs the soluhilitv of zinc carbonate while a large proportion 
raises the soluhilitv. A. (-antoni and J. Paasamanik showed that the d(‘composition 
of zinc carbonate by alkali chlorides is .small; it is larger with ammumim ehloriile, * 
and with incivasing tenqi. and cone, of th<' wdn W. O. de ronuiek found a small 
reaction Wtween a soln, of sodium chloride and zinc «r ca<lmium carbonate in sun- 
light. A. Frebault and A. Destrem found zine earhonate is decomposed by a soln. 
of .sodium pJmphaie. 

W. Eidmann found that zinc earhonate is iiiholiible in acetono ; A. Naumann, 
that cadmium carbonate is insolulde in etbyl acetfttc ; P. Sabatier, that ziiu’ carbonate 
reacta with nitrodisulphoilic acid, forming zinc sulphate ; VV. IjiatjelT, that zinc 
carl>onate reacts wuth acctic acid, forming ketone, w'aU'r, and i arlion dioxide ; and 
W. Loh studied the reaction with lormaldchydc, etc. L. Naudin and F. dc Mon- 
tholoii found that zinc carbonab* is completely convert-cd by hydrogen sulpbido 
into zinc sulphide. M. Kohn noted that preciiutati'd cadmium carbonate [»re- 
eipitates ferric salt soln. in the cold eompletely, while chromic, uranyi,and aluminium 
nitrates are but incompletely precipitated. 

When zinc salts in soln. are precipitated by alkali carbonah's, the products 
are unstable and of variable composition : and as a result, a large numfs'r of iMUdc 
line enrbonatos have Wn reported. A .sat. aq. soln, of potassium or ammonium 
carbonate gives a precipitatf* with zinc salts which is soluble in an caim^ss of the 
precipitant, presumably, said C. Arnold,® by forming a soluble basic zinc carfmnate, 

H. Mikusch I)elieved that only one basic carbonate exists as a stable chemical 
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Individual^ and that it ia represented by 5ZnO.2OO2.4H2O ; and he added that 
all the other reputed basic zme carbonates are solid soln. of zinc hydroxide, and 
normal zinc cartx)nate. In H. Mikusch’s ex|)eriment 8 , neutral zinc carbonate was 
progressively hydrolyzed with water at 25 ^*, and 100 °, and the composition 
of the liquid and solid phases determined from time to time ; conversely, zinc 
carbonate was formed by the* progressive ac tion of zinc hydroxide and carbonic 
acid, and the solid and liquid phases similarly treated. In all cases, sodium acetate 
was added to the soln. in order to dissolve sufficient carlmnate and hydroxide to 
allow of analysis. Analyses of the massive or earthy mineral kydrozincite — and 
the varieties zinc bloom, marionite, zinconUe, and cogamite — by J. Smithson ; 
C. J. B. Karsten ; C. Schnabel ; T. Petersen and E. Voit ; A. Terreil ; W. K. Sulli- 
van ; G. Bonnet ; A. Goebel ; W. Elderhorst ; ('. F. Rammelsberg, G. Cesaro, 
A. Cossa, V, von Zcpharovich, K. Kraut, and A. F. Rogers, show that the com- 
position ranges between ZnC08.2Zn(0H)2.«H20 and 3ZnC03.Zn(0H)2.3H20. 
C. Perrier showed that zinc carbonate is also associated with the malachite of 
Chessy. 

R. Schindler re[)orted dlbydrated zinc heptozycarbonate, ZnCO3.7ZnO.2H2O, 
and dihydnted dne triozyoarbonate» ZnCO3.3ZnO.2H2O, to be formed when the 
corresponding basic zinc sulphates is boiled with a soln. of sodium carbonate. 
P. A. von BonsdorfI made the tetrahydrate by the action of a stream of carbon 
dioxide on water with zinc oxide in suspension. E. Dittler states that it is doubtful 
if there is such a compound as dihydiated zinc dioxyoarbonate, ZnCO3.2ZnO.2H2O, 
or Zn3(0H)4C03. According to 1 ). Strdmholm, soln. with different proportions of 
carbon dioxide are in equilibrium with hydrat<id zinc trioiQrdicarbonate, 
2ZnCO3.3ZnO.wH2O. The monohydrate was reported by P. A. von BonsdorfI as a 
result of exposing zinc covered with water to the air. R. Schindler prt*cipitated a 
soln. of a zinc salt with sodium carbonate, and he found that the ])roduct dried at 
100 ° had the composition of a trihydrate : 2ZnCO3.3ZnO.3H2O, which A. Werner 
formulated 



According to K. Kraut, the tetrahydrate is obtained by ])ouring a soln. of a zinc salt 
into a sat. soln, of alkali carbonate ; by boiling zinc dust with an excess of carbonic 
acid ; and, according to H. Mikusch, by the hydrolysis of zinc carlwnate by boiling 
watt'r, By the prolonged action of alkali carbonate, the basic .salt is finally con- 
' verted into zinc oxide. H. Rose, and J. B. J. D. Boussingault prepared wffiat he 
regarded as monohydrated zinc monoxycarbonate, ZnCO3.ZnO.H2O, and K. Feist 
prepared the same salt by using the soln. warmed to 30 °, and drying the product at 
100^ ; the trihydrate is said to be formed by using cold soln. and drjdng the pre- 
cipitate in air. V. Perrier represents the composition of the mineral ro.sasite as a 
bwic zinc copper carbonate, (Zn, Cu)C03.Cu{0H)2, resembling malachite, with 
part of the zinc n'placed by copper. K. Kraut made hydrate zino dioxytli- 
oarbonate, 3ZnCO3.2ZnO.wH2O, by working with dil. soln. at 2°. J. Smithson’s, 
and A. Cossa'a analyses of hydrozincito correspond closely with this product ; and 
H. Rose also obtained a similar product by working with very dil. soln. H. Rose 
reported nmohydrated zinc monaxydiearbonate, 2ZnCC^.Zn0.H20, to be formed 
by the action of a soln. of sodium hydrocarbonate on zinc carbonate ; J. Mort 
found the product to be trihydratod. C. E. Jansen, J. E. Hcrbergcr, and C. Freder- 
king reported trihydiated zinc trioxydicarbonate, 2ZnCO8.3ZnO.3H2O, to be ' 
formed by the action of sodium carbonate on a soln. of zinc salt ; and P. A. Favre, 
haiahydnM lino p^toxytricaibonate, dZnCQs.bZnO.OHsO, by the action of 
cold water on zinc ammino-carbonate. R. Hinsbt'rg prepared a basic zinc carbonate 
by the joint action of carbon dioxide and ammonia at 80 ° on a cone. soln. of zinc 
sdphate or chloride. F. Wdhler found the basic salt is deposited in small shining 
crystals when an aq. soln. of potassium or sodium zincate is exposed to air. 
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B. SehiDdler stated that 0 ’ 3 - 0*5 part ol basio tine carbonate diasolvee in a 
< litre of water and Uie salt separates from the sob. when heated, without redts* 

•olrinff on cooling. R. Presemua said 0*0224 part of the basio salt dissolves in a 
litre 01 water. A. Naumann said the basic salt is insoluble in acetone. R. H. Brett, 
and G. 0 . Wittetein found the basic salt dissolves readily in a cold aq. soln. of 
ammonium nitrate or chloride, and the soln., at'conling to L. Thompson, gives off 
ammonia when heated, A. Terreil said basic rinc carlxinate dissolves in a soln. of 
all the ammonium salts excepting the sulphide. C, Zi'nghelis found that bright 
silver foil is dissolved when exposed for 15 days, alK>ut 5 cms. away from basic xinc 
carbonate. M. Kohn found basic xinc carbonate, formed in cold soln., completely 
precipitates ferric salts, and alutninium or uranium nitrate in cold soln., and 
chromic salts partly in the cold, and completely when heated. 

As pr».‘viou8ly indicated, H. Rose obtained evidenot‘ of the b)rmaf-K»n of basto 
odmium carbonates, but the subject was not investigated further. K. Kraut was 
unable to prepare a basic carbonate of cadmium. Only a very small quantity of 
cadmium carbonate is dissolved by aq. carbonic acid, even under a press, of several 
atm. The precipitate obtained by adding cadmium sulphate to a soln. of sodium 
carbonate consists of cadmium carbonate, CdCOj, mixed with a small quantity 
of cadmium oxy-sulphate, 2CdO.S03; whilst by adding cadmium nitrate to an 
excess of anunonium carbonate, tho carltouate CdC03.j[H20 is obtained. 
0 . Schneider found native basic, cadmium carbonate in the oxidation-xone of the 
copper dejmsita of Otavi (S.W. Africa). He named it ofavifr. It forma white to 
red, cr)-8talline crusts on the lining cavities ; it has a strong lustre, inclined to 
metallic-adamantine in character. The minute, curved rhoml)oh«‘drs have an angle 
of about 8f)®. Analysis shows the nnneral to be a basie (admium carbonate 
containing dl*.") per c<'nt. of cadmium. 

C. Arnold found that ammoniacal soln. of ammonium carbonate gave a 
precipitate with zinc salt soln., which is soluble in an excess, U. Brandhorst found 
luitivo ealaniine dissolves in aq. ammonia only in the presence of ammonium salts. 
V. Lindt found that raw calamine gives up all its zinc to an ammoniacal soln. of 
ammonium carbonate, but caleined calamine may not do so if a zinc ferrite, Zn(Fe02)^, 
is formed, F. de Iia.HSone, and C. Roioff found that zinc filings and zinc oxide 
readily dissolve in a soln, of amnioniiim carbonate, with brisk efT<*rv<*seence in the 
former ca8<'. The evaporation of the soln. furnishes white cr\'stals. The sat. soln. 
gives a white precipitate when treated with acids ; and it becomes turbid when 
treated with an exces.s of wat<‘r— IwH^ause, said 0 . Bonnet, a oonijwund richer in zinc 
oxide is precijjitated. G. Bonnet also prepan'd a crystalline powder by digesting ' 
zinc oxide with an aq. soln. of ammonium <'arlx3nate. According to F. Wfihler, 
when zinc chloride is dropp.*d into an excess of aq, ammonia, and the product 
mixed with ammonium earlxmate, there an' formed, on ex])osure to air, stellate 
masses of acicular crystals which an* insoluble in wat(*r, and have a strong 
ammoniacal odour ; they Iweome turbid when exjiosed to air, and low*, ammonia 
until a white ]>owder is produced, which when h«‘iit<*d evolve,s water and ammonia, 
leaving 62 ‘2 i>er cent, of zinc oxide as residue. P. A. Favre reported that if fr(*shly 
precipitated zinc carbonate be washed with an aq. soln. of ammonium carbonate, 
the nitrate deposits rectangular prisms or stellate masses of needles. The com- 
{H)sition corresponds with Einc moiUunmino-caybODlte, ZnCOs.NHg. With cold 
water, pseudoraorphs of the oxycarbonate 3ZnC03,5Zn0.6H20 are formed. The 
ammino-salt does not change when erased to air, or when treated with alcohol ; 
at^ when slowly heated, it gives a sublimate of ammonium carbonate, G. Kaasner 
electrolyzed a soln. of ammoninm carbonate with a zinc rod as positive pole, and 
obtained white crystals of liiio unmoililllll hjffzoifdieazlKmite, 2 ZnC(^.Zn( 0 H)(. 
NH4OH, wliich renmin unchanged at 150 ® G. Thomas also made some observa- 
tions on this subject. For the action of ammonium carbonates on cadmium 
comtmunds, vide mpra, cadmium oxide. 

Our knowledge of the com^jlex zinc carbonates is im{)erfect and fragmentary. 
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R. Schindler J I reported that the gelatinous precii)itate produced by adding an 
excess of potassium carbonate to a zinc salt soln. at ordinary temp, is a mixture of 
basic zinc carbonak and a potdSSium zinC CETbonatO. H. St. 0. Deville obtaiut ^ 
six-sided prisms of what he regarded as an acid double carbonate, 4K20,6Zn(). 
llCOo.fSll^O, by mixing a boiling soln. of zinc chloride with a boiling sat. soln. of 
jmtasHiiim carbonate or hydrocarbonate, and allowing the mixture to stand for 
some time ; the product was washed with cold water and dried in vacuo. 
H. St. C. Deville also prepared a sodium zinc carbonate, 3Na20.8Zn0.11C02.8H.,0, 
which K. Kraut (‘onsiders should be Na2O.3ZnO.4CO2.3H2O. It is also considered 
possible that E. Wohler’s product obtained by ex])osing a soln. of sodium zincate 
to the atm. is a sodium zinc carbonak. W. Smith was unable to prepare the 
compound, NaO.Zn(NaCO;j), reporfed by F. Wohler to be produced wh(*n a soln. 
of sodium carbonak acts on zinc with the esi ape of hydrogen, for, with a hot soln., 
a whik deposit consisting maiidy of zinc oxide is formed, and the filtrak contains 
no zinc. It i.s, Jiowevcr, possible that with a cold soln, a compound is slowly pro- 
duced which is decomposed by heat. If. W, F. Wackenroder, as previously indi- 
cakd, found that zinc oxide is not attacked by a boiling soln. of sodium carbonak, 
ihe so-called uuTichnlcitp is regarded as a native form of zinc cupric cctrhonoie, or 
as a mixture of the basic carbonates of these elements. This is confirmed b\' the 
analyses of 8 . L. fVnfiidd, T. Rbttger, A. Gonn.dl, A. Delesfu*, A. Relar, J. II. Collins, 
h. Janiwtaz, and L. Michel. C. Ferrier s analysis of rosiusite corresponds with a 
kind of zinc-malachite, (Cu, Zn)C 08 .(Cu, Zn)(()H)o. F. K. Riehl studied the 
aurichalcit(!s of Tsiimeb ; those with a composition 3 (Cu,Zn)CO.) l(Cu.Zn)( 0 H)o 
with Cu:Zn = 2:1 and sp. gr. 4 - 201 , and 4(Cu,Zn)C03.r)(('u.Zn)(0H)2 with 
Cu : Zn 3:2 and sp. gr. M 37 , are called paraurichalciteji ; while material with 
(Cu,Zn)(!03.(Cu,Zn)(0H)2 with Cu : Zn -- 0 : 2 and sp. gr. 1 -lUl is called 
VHpruzmcitc, E. W. Provost found a deposit on the brass binding screws of a 
Leelanche cell which had the composition of a zinc copper am mi nochloride, 
Cu2ZniCI(i(NH)3)4C03, but tluTe is nothing to show that this ))roduct is a chemical 
individual. 
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§ 10. Zinc and Cadmium Nitrates 

’ A 8oln. of zinc nitrate i« obtained by ditwolving the metal, the oxide;, or hydroxide 
in nitric acid ; and when tlie com.. Holn. is allowed to crystallize, hezahydrated 
zino nitrate, Zn(N();}).2.()Jl20, is obtained in “colourless, llatUmed, striated, four- 
sided prisms, with four-sided summits.” This formula agrees with the analyses 
of T. Qrahum,! and N. A. E. Millon, but K. Schindler thought that 7H2O best 
represented his analysis. Ifydrates with I J, 2, 3, 4, 5J, 6, and OHoO have not been 
reported, but the reports of several of these are based on insufficient evidence. 
The eijuilibrium conditions of the ennea-, hexa-, and tri-hydrates are illustrated in 
Fig. TiO, which is based on the solubility determinations of F. Mylius and R. Funk 
between —21)® and 30'4'' ; and of J. Ordway at higher temj). The percentage 
solubilities, S, are : 

-20" -17" 0" 18* 364" 35* 40* 45-6* 

8 . . 39‘40 42-00 44*80 48-66 5389 63 68 66-62 67 42 77-80% 

Solid pliuH.) ZfKNO,),.OH,0 Zn(NO,),.6H^ Zn(NO,)j.3H,0 

For the iee-line, It. Funk gave 3.’“) US per eont. at ~lb , and F. Riidorff, 18*43 per 
cent, at —7*4" and 11*10 per cent, at -3*6”. P. Rutoit and E. Grobet measured 
the temp, changes attending the progressive addition 
of sodium hydroxide to soln. of zinc nitrate and 
oUerved breaks corresponding with the formation of 
zhw hydroxynitnUc, Zn(0H)N03, zinc hydroxide, and 
sodfum zincate. 

A. Ditu* made hemitiihydrated zinc nitrate, 

Zn(N03).j|.l^H20, by heating the hexahydrate until 
red vapours appear and dissolving the cold mass in 
luouohydratcd sulphuric acid. Much heat is thereby 
developed, and when the soln. cools, transparent, lus- 
trous cr\'8t.al8 appear. A. M. Wasilieff prepart;d what 
ho rt'gardi'd as dmydrated zino nitrate, Zn(N03).2.2H20, 
by cooling a soln. of zinc oxide in 97 per cent, nitric 
acid. H. r. Jones and H. P. Bassett found that tri- 
hydrated lino nitrate, Zn(N03)2.3H20, separates from 
the aq. soln. at 30*" in needle-like crystals. R. Funk obtained the trihydrate by 
driving off two-thinls of the water from the hexahydratt', melting the product 
at 37° with mort' hexahydratti, rapidly cooling to 3()“, and again heating to 34°. 

He also made it by keeping the hexahydrate at 37°-^° for many days, and by 
heating the he.xahydrate with a little nitric acid on a water-bath ana evaporat- 
ing the soln. over sulphuric acid. The trihydrate is the stable solid phase in • 
the preseuce of aq. sr>ln. aliove 36°. A. M. Wasilieff claimed to have made 
rhomboidal crystals of totrahydrated zino nitrate, Zd(N 0^)2.4H20, from a soln. 
of zinc oxide in nitric acid of sp. gr. Vi. According to A. M. Wasilieff, the 
BO-called hemihenadeca-hydrated si^ nitrate, Zn(N0^)2.5|H20, is a eutectic o( 
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the hez»’ and te^ra'hydratee which freezes at 35 4''. H. C. Jones and H. P. Baa* 
sett made twinathydlited Mno nitnle, Zu(K(\){.9HtO, by cooling an aq, solu. 
of zinc nitrate to about —18®, R. Funk said -2U '. 

The crystallization of a cone. soln. of cadmium, or of cadmium oxide or hydroxide 
in nitric acid, furnishes crysUls of tfltnfafdntad odmiam Cd(N0^)s.iH|0, 

“ in prisms and needles, united,” said F. Strdmeyer, “ in radiating masses.” 
B. Franz studied the preparation of cadmium nitrate. The crystals are dissolved 
in hot water, and the soln. again crystalliziKl. The pn^paration of highly purified 
cadmium nitrate has been di8cus8«*d by W. S. Lorimer and K. F. Smith, and by 
B. A. Partridge. A. M. Wasilieff maile the anhydrous salt by eva]K)rating the 
water from the hydrate. Hydrates have been reported conUining 2, 4, and 
9 mols of water of cr}*stallization. The range of stability of the two latter in aq, 
soln. is illustrated by the curve, Fig. 51. The {MTtvntage solubilities, N, an* : 

-so -ii-o' - 10 ^ -13“ u r 3u 4tr swr 

S . . .26-6 3.5 9 30 3 37 3 52 3 52 0 5S-4 01 4 50 6 

Solid ulMiiW lop Cd(N<V^9H,() 0«l(NO,l, 4H,0 

The determinations from -~f'2® to —8 6® an* by F. Hudorff, and the value at 
51l’5 is by ,1. Ordway ; the rt'inainder an* by R. Funk, 
solubility curve of the anhydrous salt, and of tin* 
solid tetrahydratc*, and found a break Ix'yond the 
m.p. of the hydrate*, r»y r)'\ descendingto 4f r»’, whieh 
is the eutectic temp, of the mixtim*, and corresponds 
with ('<J(N 03)2 f s ordino ; the curve then riw's con- 
tinuously to tin* m.p. of the anhydrous sglt. 

H. Is'KCu^ur prepared needle-like crystals of 

dihydrsted cadmium nitrate, aifNOs)^ 2 H 2 O. by 
adding cone, nitric acid to a soln, of the t<*trahydrdt<‘. 

R. Funk also obtained it by keeping the tetrahydrate 
in a molten condition for some days, but found it 
dillicult to isolal<3 the crystals from the viscid moss. 

H. C. Jones and H. P. Bassett crystallized ennea* 
hydnkted cadmium nitrate, Cd(xN()3).2.9iU), from a 
supersaturated soln. of cadmium nitrate cooled to 
— 1<)\ According to R. Funk, the crystals of the tetrahydrato in the soln. ls*luw 
(P slowly pass into the higher hydrate. If the supersaturated soln. lx* cooled ta 
.—30’, crystals of the enneahydrate aj)))ear, the temp, rises to — IG'’ and the 
cryohydrati* is fornn?d. A. M. Wasilieft could obtain neither ilie «li- nor hexa- 
hydrates reported by U. Funk ; and he represented the low temp, crystals as the 
wtohydratxid salt. M. Hassclblatt measured the velocities of crystallization at 
I and 1000 kgrms. {>cr sq. cm. press, and found a slight increase with rise of press. 

F. W. Clarke * gave 2 0G5 for the specific gravity of hexahydrated ziru* nitrate 
at 14®, and 2'45r> for the sp. gr. of tetrahydrated cadmium nitrate at 17 *. The 
sp. gr. of aq. soln. of zinc nitrate have bei'ii raeasun'd by A. C. Oudemanus, 
D] Dijken, J. Wagner, H. T. Barnes and A. P. S<’<)tt, H. C. Jones and F, H. (ietnian, 

F. Mylius and R. Funk, R. Dietz, etc. B, Franz found at 17‘5“, for soln. with 
varying percentages of catlmium nitrate : 

I 6 10 15 Z5 30 3.'| 4.> 50 

8p.gr. . 10009 10496 10068 1 1476 12040 1*3268 4*3006 1*5258 I'OOH 

G. Happart measured the contraction which occurs when zinc nitrate is dissolved 
in water. The sp. gr. of aq. soln. of cadmium nitrate has been measured by 
(X A. Valson, 0. Urotrian, J. Wagner, F. J. Wershoven, R. de Muynck, M. le Blapc 
and P. Rohland, H. C. Jones and F. H. Qetman, etc. B. Franz found at 15® for 
sola, with var^'ing percentages of cadmium nitrate : 


A. M. WasilielT trace*! the 



Fio. 51,- -Solubility Curvet 
of (Cadmium Nitrate. 
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6 10 15 20 25 35 45 5 

Sp.gr. . 10528 1 0978 M51« 1*2134 1*2842 1*4372 1*0471 1*7608 

H. SentiB ^ found the surface tension of Hoin. of zinc nitrate containing n mols of 
salt in KKl— « ttioIh of water to be ‘i aw. C, A. Valson observed the heights to which 
Boln. of cadmium nitrate rise in <*a[)illary tubes. J. Wagner found the viscosity 
of aq, Holn. of zinc and cadmium nitrates to be at 25 (wat<*r unity) : 

N‘ |iV- iiV- iA- 

ZniNOa), . . 11642 1 0857 1 0390 1 0186 

(’d(iVO,), . . M648 1*0742 1 0380 1 0117 

J. C. Graham found the diffusion coetT. of 3 to 5 per cent soln. of zinc nitrate to 
be ^“()'640. .1. Thovert also mc'asured this constant. 

The melting point of anhydrous cadmium nitrate was found by A. M. Wasilieff * 
to be 350'' ; that of the tetrahydrab'd cadmium nitrate, oO o® ; and that of hexa- 
hydrated zinc nitrab* was found by J. Ordway to he 36'4'5 M Ha.sselblatt 
found the m.p. of tetrahydrated cadmium nitrate was raised when the 
press, was increased from 1 bi 10(H) kgmis. per sq. cm. W. A. Tilden gave 
36‘4” and J. 1^. It, Morgan and F. T. Owen, 44‘07‘^ ; J. Ordway gave 131' for the 
boiling point of the hexahydrate. A. Vogel and C. Iteischauer found that the 
hexahydrate loses two-thirds of its water in vacu» over sulphuric acid ; T. Graham 
said half the wab‘r is lost. A. Vogel and C. Reischau«‘r added that nitric acid is 
lost when the nitrate is warmed at 100’ for a long time, and J. I. Pierre, that all 
the water is gradually lost when the nitrate is heated for a long time in a stream of 
air at 105", while H. Hehindlcr found that wlnui the nitraO* is heated above KX)", 
it loses nitrie acid, nitrogen piToxide, and oxygen. A. Ditte said that the hemi- 
trihydrate melts when heated, and gives otT water and nitrous vapours. K. Funk 
found that trihydrated zinc nitrate melts at 45*5". and on (‘xposure to air, it is very 
soon converted into the hexahydrate. A. M. Wasilielf found the eiib'ctie bunp. of 
the b'tra- and di-hydrab-s is 38 4'', and of the hexa- and tetra-hydrates, 35*4'' ; 
he added that t he m.p. of the tetrahydrate is 45*.5‘\ N. A. Puschin found that the 
transition point of (’d(NG3).2.4H20-»Cd(N03).^ occurs at .58‘7'' under atm. press., 
and at a })ress. p kgrms. jier 8»|. cm., the transition tem]» , B, is $ --.58*74b 

According to K. von Hauer, and A Hubert and G. ll(‘ynaud, tetrahydrated 
cadmium nitrate melts in its water of crystallization at l()()^', at r)t)'5 , according to 
J. Ordway, 11. Funk, and W, A. Tilden. .1. Ordway gave 132 for the h.p. 
A. Hebert and (L Ib'vnaud found the tetrahydrate, in vaeiio, loses wab'r and 
?iitrous vajHHirs, and tin* residue, according to H. Lcscocur. contains insoluble 
cadmium oxiih*, and the soluble dihydratc. A. Ditte found a slight snu'll of nitrous 
fumes is givi'n otT by the molten suit Aeeording to N. A Puseliin, the m.p. is t)!'' 
at 8()0t) kgrms, press., and when the press, exceeds 8()00 kgrms.. the ni.p. is 
depressed. U. Funk gave 130"' for the m p. of dihydrated eadmiiim nitrate. 
.1. L. H. Morgan and F. T. Owen found the latent heat o! fusion of trihydrated 
zinc nitrate to be 34’3 eals. pergrm., and N. A. Pnsehin obtained 2()'3 Cals, per mol 
at atm. press, for b'trahydrated cadmium nitrab\ 

F. Riidortf ® measured the lowering o! the freezing point of soln. of zine and 
cadmium nitrates ; and H. C. Jones and F. H. Gctman found for soln. containing 
M mols of zine nitrate ])er litre : 

M . . 0 065 0*129 0 258 0*516 1*290 1*548 l*80() 2 064 2 580 

. 0*322“ 0*633’ l*28r' 2*812“ 8*930“ U 800" 14*720“ 18*240’ 27 (KK)’ 

heiM . 4*96 4*90 4*96 5*45 6*02 7*69 8*16 8*83* 10*46 

and similarly for soln. of cadmium nitrate ; 

At . , 0 0845 0*1691 0 3382 0*6764 1*0146 1*6910 2*7056 

be . . 0*443 0*865 1*802 2*028 6*540 12*030 26 000 

beAI . 5*24 5*12 5 33 6*96 6*46 7*65 9*61 

J. L. R. Morgan and F. T. Owen studied hydrated zinc nitrate as a solvent for the 
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f.p. method of determining mol. wt. tmd ohtAinni r»8'6 for the f.p. eonateut 
J. Schroder and H. Steiner found the molecolar weight of rmc nitrate m methyl 
acetate aa solvent, to b<' 1(X> 7 to 18y- 1 -calculated for 18ll’r>. (!. Taui- 

mann measured the osmotio pieesure of soln. of aine nitrate*. G. Taiumaim 
measured the lowering of the VtpoUT pressure of xMiter at 10()^ ami found that 
with 32'53, and 78tHJ grnm. of zme nitrate per UH) grins, of water, the vap. 
press, was lowered 1G 3 mm , TS*!) mm., and 231 o mm. ri'speetivelv ; and with 
818, ()0'37, and 80 73 grms. of cadmium nitrate m 1(K) grms. of water, the vap. 
pn*8«. was lowered l<) 7 mm , 1 h 2‘2 mm., and ir»y o mm. n'sjMM’tively. H. Lescoaur 
found the vap. j>re{j4». of a sat solii. of zine mtrat<' at 20 to Is* O fi mm. ; he also 
found the vap. press, of tlu* trihydrate to be less than 2 mm. at 20', and for tin* 
hexahydrate, lU mm. at 20'^. H. Li*seajur gave lo mm. for the dissociation 
press, of sat soln. of cadmium nitrate at 20'\ fnr (M(N()3)o y 3 mm. ; for 

Cd(N03)2.2j[H^O, 8 4 mm. ; and fur Ud(N03)2.21H20, lx*low‘3 mm. 

J. ('. G. de Mangnae ® found the spedflo heat of soln, of zine nitrate with 
lOH^O, 2')Ho0, r>0H2G, and 2Udl2() to U* r»‘speeti\»‘ly U olKH), 0 8234, and 

0 yiiil between 20"" and r)2 '. M. Hi‘rthelot gav<‘ for the heat o! formation, (Zn. N.j. 
3O2, Aq.) ZnlNGjd^ai -M317 Cals. ; and J Thomsen gave (Zn, (>2, N2O4, GH2(1) 
-140 82 Cals.; {(’d, 30.,. H.O)- 113-3 Cals.; and (Cd, N2, 30.2, 41120 

121itl Cals For the heat o! dilution, J. Thomsen guvM^ for Zri(N02)2 f lOHgO 
when diluted with 

Mols 11,0 lo 20 60 100 200 

('als. . 0914 1 148 1*203 Mil 1071 CaJs. 

fora mol of ZidNO^lo-Glf.^O with 4<0 mols of water, —.^Hl Cals., for a mol of 
C*(1(N03).2 II.^O. 4 18 ('al.'i , and for a mol of (/dfXO;)).^ IH.^O, '01 (Vis, For the 
heat of neutralization m very di). soln., J. Thom.*M>n gave for Zn(()ll)2 f 2UNG,.| 

- 2H.jO rZn(N()3).2-f ^H.') Culs , and M. Berthelot gave 1) 8 ('als. : J. Thomsen 
al.so gave for ('<1(011)24 2UN0;, • 2H204-(M(N03)2 1-20 213 Cals, K. Braun found 
that but 77 jier ceut. of tin* h-at of formation of cajlmium nitraO* can he converted 
into electrical energy. 

11. (' .lon<*s and F II. (h tuian ' mea^ure<I tin* index of refraction, /i, for solu, 
containing M mol of ziin* rntraO* p<*r litr<.* : 


At . .0 006 

f, . 1 32700 

0 129 
1-32949 

0-268 

1 33272 

0 616 

1 34021 

1 132 

1 35374 

1 548 

1 36775 

2 064 
1-37981 

2 680 

1 39098 

and for cadmium nitrate : 






• 

A/ . .0 0845 

0-1691 

06746 

1 0146 

1-6910 

2-3674 

3-0438 

3 3820 


1-32356 1-33070 1 34588 1-36580 1 30794 1-37379 1 40792 1-41634 


Measurements of .soln. of zinc nitrate w<*r<i also made by D. Oijkcn, and of cadmium 
nitrate by M. le lilanc and F. llohland, and by R, de Muynck. A. Hebert and 
G. Reynaud studied the specific absorption of X-rays by cadmium nitrate. 
A. E. (Barrett found that above 30^)*^, cadmium nitrate can ioniz<* the surrounding 
air, W. N. Hartley has measured the absorption spectrum of soln. of zinc nitrate, 
J. R. Collins measured the ultra-red abiorption spectrum of aq. soln. of the 
nitrate. 

The electrical conductivity of soln. of zinc nitrate has .iHu*n determined by 
S. Arrhenius,* H. (’. Jon<*s and co-workers, and C. Frmmd. H. C. Jones gave for 
soln. contoTining a mol of zinc nitrate in v litres the mol. conductivities fx : 

V . . * . 4 8 62 128 612 1024 2048 4096 

^atO* . 80 H 87-6 100-0 110 4 114 1 117 1 120*4 124*4 

. 268 66 289-67 343 09 384-97 416-20 428-60 434*82 446-63 

The temp. coefF. of the conductivity has lMM?n measured! by H. 0. Jones and co- 
workeis. A. E. Garrett found that the conductivity of zinc nitrate is increased by 
raising the temp. 0. Qrotrian, E. Bouty, 8. Labendzinsky, and F. J. Wenhoven, 
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ntmuied the electrical conductivitf of soln, of cadmium nitrate. H. C. Jones and 
F, H. Getman found at 0° : 

V 0-29 * 0-42 0*69 0*98 1'48 2*96 6-91 11*83 

/* . . 10-60 27-30 . 38*43 67 10 84*6 81*0 92-6 99*7 

o . 6-30 13-6 t9-2 28-6 323 406 46*3 49*9 


where a denotes the values for the percentage degree ol ionization ; for soln. of 
zinc nitrate the percentage degree of ionization is : 


V 

4 

8 

32 

128 

512 

1024 

2048 

4096 

a at 0'^ 

. 64-8 

70-4 

80*4 

88-7 

91-9 

94*1 

96-8 

100-0 

a at 66<’ . 

. 68-1 

66-0 

77*0 

86-4 

93-2 

96-2 

97-6 

100-0 


R. Benz studied the conductivity of alcoholic soln. of cadmium nitrate. 

S. Labendzinsky also measured the degree of ionization of soln. of zinc and cadmium 
nitrates. The temperature ooeff. of the conductivity has been measured by 
0. Grotrian, and F. J. Wershoven. B. Piesch measured the effect of pressure on 
the conductivity of sob. of zinc nitrate. C. L. Weber, and A. Chassy measured 
the transport nambers of the ions with sob. of zbc nitrate ; and G. Carrara with 
aq. and alcoholic sob. of cadmium nitrate. 8. Labendzinsky measured the 
potantiai of zinc against N-Zn(N08)2 and a calomel electrode. E. Bouty, and 
A. Ebeling measured the thermoelei^O fcffce of zinc against sob. of zbc nitrate ; 
and E. Bouty, and A. Hagenbach, of cadmium against sob. of cadmium nitrate. 

Bzsio salts.— Accordbg to J. Walker and £. Aston,^ the hydrolysis of a JiV-sob. 
of zinc nitrate at 80“ is 0 019 per cent., and of a JiV-sob. of cadmium nitrate 0 014 
per cent. A. Vogel and C. Reischauer found that a neutral sob. of zme nitrate dis- 
solves some zbc oxide ; and H. L. Wells obtamed prismatic crystals of trihydrated 
zino monozynitrate, Zn(N03)2.Zn0.2H20, m a similar manner. It furnishes 
different decomposition products when treated with alcohol or water. J. Ordway, 
and Q. A. Bertels reported trihydratod zinc monozytrmitrate, 3Zn{N08)2 Zn0.3H20 ; 
H. L. Wells, and G. A. Bertels reported ietradeoahydrated zinc trico^tranitrato, 
4Zn(N08)2.3ZnO.14H2O, among the products of the decomposition of the zinc 
monoxynitrate by water. A. Ditte prepared hydrated zinc dioZ3mitrat6» 
Zu(N08)2.2Zn0.nH20, by washing the yellow powder — 8ZnO.N2O5.4H2O— with 
water, until the runnings were free from zinc nitrat^n The product decomposes 
when heated without melting ; it is soluble in nitric acid ; and it is not acted on 
by a sob. of zinc nitrate. G. A. Bertels and J. Ordway boiled the neutral zinc 
nitrate until it had lost 42 per cent, in weight, and found that the solidified glassy 
residue had the composition : Zn(NQ8)2.3Zn0.3H20— trihydrated zinc Woiy- 
nitrate. C. F. Gerhardt prepared this salt m prismatic needles. By heatmg a 
sob. of two parts of zbc nitrate with one part of water in a sealed tube at 310“ 
M. Athanasesco prepared white needles of the same composition : Zn(N08)2.3Zn0. 
3H2O, or, as he puts it, HO.NO : (OZnOH)2. The crystals lose their water at 180“ ; 
they are insoluble in water and soluble m dil. acids. M. Athanasesco also prepared 
the tdtahydrate in wbte needles by boiling a very cone, neutral sob. of zinc nitrate 
(1 : 1) with zbc. Th6y lose their water of crystallization at 130“, and decompose 
when heated above 180“. R. Schbdler also prepared a white powder which he 
regarded as a dihydraU by digesting the yellow powder, 8ZnO.N2O6.4H2O, with a 
neutral sob. of zbc mtrate. 

A. Terrell prepared what he regarded as pentahydnUad zino tettoxynitri^ 
Zn(N02)2.4Zn0.5H20, by the action of an excess of zbc on a boiling sob. of zbc 
nitrate, and cooling the syrupy mass obtamed by evaporation. The undecomposed, 
nitrate was remov^ by washmg with water. The fine acicular crystals are insoluble 
m cold water, and decompose when heated. G. Rousseau and G. Tite obtamed the 
herahydrate by heating b a sealed tube at 100“, the hydrated normal salt mixed 
with marble. The needle-like crystals are slowly decomposed by cold, and rapidly 
by boilbg water. J. Habermann obtamed what he regards as a hemtkewideea 
kydratef Sb(N06)2.4ZnO.54H2O, by the action of dil. ammonia on a neutral soln. od 
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nitrite. The crystob were ioedobie in cold wmter. M. Berthelot his also 
irtndied this bMic silt. A. Vogel and 0. Beischauer prepared fine cryetab of what 
they regarded as Mno heptOiydinitnUe, 9Zn0.2Na0(» or 2Zn(Nl^)|.7Zn(), by 
warming the neutral salt for a long time at lOO*^. j. Ordwav and Q. A. Bertds 
piep^ tiUiydntad Mno pantosynitnta* Zn(NC),)2.5Zn0.3U|ii0, by the action 
of water on trihydrated lino monoay nitrate. J. Kibau also obtained what he 
regarded as a heptahydraU and an odchydrate by the action of an eicess of imc on 
a boiling soln. of sine nitrate. According to I*. Orouvelle, tetnhfdxntad «i"n 
btptozipiftnta, 8ZnO.N2O5.4U2O, or Zn(N(^)2.7Zii0.4H20, is produced by adding 
insufficient ammonia required for the complete precipitation of zinc nitrate. 
According to R. Schindler, ’the precipitate retains some ajuiuonia. When the 
normal salt is heated until it has be^mc nearly solid, ?. Grouvello found the 
product corresponded with the dihydrate of zinc heptoiynitrate. R. Schindler 
also said that if the molten nitrate be heated until it becomes opaque, and then 
washed with water, the yellow powder which remains has the same composition. 

H. C. Klinger obtained iridescent rhombic plates of trihjdntod midmiwm mODOiy* 
nitrite, Cd(N0^2‘^^'^^2Di by adding lead hydroxide to a hot soln. of cadmium 
nitrate ; by heating cadmium nitrate ; and by dissolving cadmium hydroxide in a 
soln. of the nitrate. The product was washed with alcohol and dried in a desiccator. 
H. L. Wells obtained prismatic crystals from a sat. soln. of cadmium oxide in a 
cone. soln. of the nitrate. The product loses a mol of water between 120'" and 13t)” ; 
it is decomposed by water and alcohol. The latter acts more rapidly than water, 
and the final product is the hydroxide. A. Ditte also obtained this compound. 
According to H. L. Wells, H. C. Klinger’s analyses ^ree with 4Cd(N08)2.3Cd0.7H20. 
G. Rousseau and G. Tite re[K>rted the formation of lamellar crj^stals of ocio- 
hjdrated eadminm trioiydiiutntly 2Cd(N0^)2.3Cd0.8H20, by heating the normal 
nitrate with marble in a sealed tube, between 300® and 300®, and washing with 
boiling alcohol. The product is immediately decomposed by water to amorphous 
cadmium heuadecaoxy nitrate, Cd(N0j)2.11Cd0.1lH20, by adding very diJ. aq. 
ammonia to a Iwiling cone. soln. of normal cadmium nitrate. The jiroduct is but 
sparingly soluble in water. 

Zinc nitrate doliiiuesces in air ; K. von Hauer, and W. Meissner noted that 
tetrahydrated cadmium nitrate dcliquesciw in air. Both zinc and cadmium 
nitrates are readily soluble in water. J. G. Children noted that tetrahydrated 
cadmium nitrate is soluble in ethyl alcohoi but does not impart any jicculiar colour 
to the flame. G. Carrara and L. d’ Agostini found that cadmium nitrate is soluble 
in methyl alcohol ! P. Dutoit, and R. Benz, in acetone ; A. Naumann in ethyl 
acetate ; and L. Kahlenberg, in pyridine. H. Deniar9ay found that lead bydrOKide 
precipitates the zinc as basic nitrate completely from a soln. of the salt. A. Mailhc 
studied the action of cupric hydroxide on an aq. soln. of zinc nitrate and noted the 
formation of a basic salt, 2h)(N0s)2*3Cu0.3U20. A. Mailhe found that with 
cadmium nitrate, mercuric OXi^ gives a white precipitate of the basic salt, 
GdO.HglNQsls.SHjO. M. C. do Schuyten found that chlorine, bromine, or iodine 
forms the zme halide with aq. soln. of zinc nitrate. H. Dcmar9ay found that zinc 
nitrate detonates when sprinkled on hot ctrbon, and gives a reddish flame, 
L. P. Perman found a reaction between imeniOUS oxide and cadmium nitrate. 
Acco^ing to A. Ditte, hemitrihydrated zinc nitrate is readily soluble in nitric 
aeid~-100 parts of water at 13® dissolve 28 parts of the salt, and at 55®, 55 parts 
of the salt. K. Driicker found that when aq. MiniOOie is added to a soln. of zitm 
nitrate, an amorphous white precipitate of the basic salt is produced. K. 0. Franklin 
and C. A. Knos found that the soln. of zinc nitrate in ao. ammonia at on^ gives a 
precipitate with ammonium chloride, with ammonium oromide the precipitate is 
^ ronned more slowly, and none irith ammonium iodide ; ammonium sulphide gives 
a white precipitate ; aunmonium chromate a fiocculent precipitate ; and ammoniuin 
borate, a white precipitate. F. M. G. Johnson and N. T. M. WiJsmore found 
eadmium nitrate is soluble in liquid amxqonia. W. Hera studied the equilibrium 
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conditions in the reaction between ammonium nitrate and cadmium hydroxide ; 
Cd(N08)2+2NH40H^Cd(0H)2+2NH4N03. A. Eckstadt studied the catalytic 
effect of cadmium nitrate on the reaction between nitric acid and iodine. 

G. Andre prepared deliquescent crystals of zino tetrammino-nitrato. 
[Zn{N03)2(NH8)4 j8.2HijO, by passing ammonia through a soln, of zinc nitrate, and 
evaporating so as to avoid a rise of temp. F, Ephraim gave 206'" for the decom- 
position temp, of zinc tcjtrammino-nitrate, and he found that the crystalline tetram- 
mine changed into zinc hexammino-nitrate, [Zn(NH8)8](N03)2, when treated with 
ammonia at ()"'. The latter decomposed at 31;'/". M. I. Konowaloll measured the 
electrical conductivity of soln. of zinc U'trammino-nitrate, and likewise of soln. of 
cadmium hexammino-nitrate, CdfNOal^.bNHa. The* anhydrous cadmium salt was 
pre])ared by G. Andre by saturating an ammoniacal soln. of cadmium nitrate with 
ammonia ; the soln. gives a white precipitate when treated with cold water. 
Crystals of the monohydrate were also prepared by dissolving an excess of cadmium 
nitrate in 20 per cent. a(j, ammonia. The voluminous precipitate dissolves when 
the mixture is alternately warmed and cooled. The salt blackens when heated and 
decomposes with a slight exjdosion. F. M. G. Johnson and N. T. M. Wilsmore 
measured the e.m.f. of cone, cells of tetrahydrated cadmium nitrate in liquid 
ammonia at — G. Andre prepared a basic zinc t6tranimin(>*>nitrate, 
3Zn(NO8)2.10ZnO,4NH3.18HjjO, by the. action of precipitated zinc oxide on a 
warm aq. soln. of ammonium nitrate. The salt is insoluble in cold water, and 
decomposed by warm water into zinc oxide, etc. H. Morin reported the formation 
of ammonium cadmium nitrate* by the action of a rod of cadmium on a soln. of 
ammonium nitrate. 

M. Hasselblatt studied the fusion curves of isomorjdious mixtures of tetra- 
hydrakd cadmium and calcium nitrates. The stable form of calcium nitrate 
furnishes a cuttudic at 40 6“ when 1)1 per cent, of CdfNOid^ IHoO is present. The ' 
unstable form gives a continuous series of mixed crystals with the cadmium salt. 
The eilect of increased jjress. up to JKXX) kilos, per sq. cm. on the sy.st(*m has now 
been investigated. The general form of the diagram is unchanged. The press, 
temp, curve for mixed crystals containing a high proportion of the calcium salt 
could not be followed at liigher press, on account of the rapid change of the calcium 
salt into the stable form. E.xces8 of the cadmium salt inliibits this change, but as 
the press, increases, more cadmium salt is needed to })roduce this effect. With 
increasing press., the m.p. of the stable calcium salt rises much more rapidly than 
• that of the unstable. The latter does not form mixed crystals with cadmium 
nitrate. The lowering of the m.p. of the stable calcium salt by the cadmium salt 
is independent of the press. With increasing press., the eutectic point moves 
towards the cadmium side ; at 1000 kgrins. per sq. cm. it is at 79 per cent, calcium 
nitrate, 47'8“ ; at 2000 krgms. per sq. cm. 74 per cent, and 55" ; and at 3000 kgrms. 
per sq. cm. 71 per cent, calcium nitrate and 01 5“. 


Rkfkbrmxs. 

» T. Graham, Phil. Trana., 127. 47, 1837; N. A. E. Millon, Coinpt. litnd., 14. 905, 1842; 
A. Ditte, ih., 88. 576, 1879; H. LoAcoeur, t&., (7), 7. 416, 1896 ; A. M. Wasilirfif, Joum. Jtusa. 
Phffa. Chm. Soe„ 41. 744, 1900 ; H. C. Jonos and H. P. Bassett, Amer. Vhem. Jmm., 84. 294, 
1906 ; F. Stromoyer, ScAvtigger'a 22. 262, 1818 ; B. iVanr., Journ. praki. Cham., (2), 

5. 293, 1672 ; R. Sohiodler, Afag. Pham., 81. 107, 1823 ; 88. 43, 1824 ; W. S. Lorimer and 
£. F. Smith, Z«tf. anory. Chm., 1. 364, 1892 ; R. Funk, ib., 20. 393, 1899 ; Ber., 82. 09, 1899 ; 
F. MyUus and R. Funk, ib., 80. 1718, 1897; Abhand. Phya. Ttch. Rekhaanai., 8. 43a 1900; 
J. Oraway, Amvr. Joum. Science, (2), 27. 14, 1859 ; E. A. Partridge, ib., (3), 40. 379, 1890 ; 
F. Rildoiff, Pogg. Ann., 146. 617, 1872 ; P, Dutoit and K. Grobet, Jovm. Chim. Phya., 18. 324, 
1922; M. Hasselblatt, Zeit. amirg. Chem., 118. 313, 326, 1922 

* D. Bijken, Zeit. phye. Chem., 24. 108, 1897 ; H. C. Jones and F. H. Getman, ib., 48. 417, 
1904; M. le Blanc and P. Rohland, ib., 18. 282, 1896; F. J. Werahoven, ib., 5. 493, 1890: 
J. Wagner, ih., 5. 36, 1890; Wied. Ann., 18. 259, 1883; K. de Muynok, ib., 58. 561, 1894; 
0. Urutriau, t6., 18. 191, 18^ ; B. Fiuni* Journ, prakt. Chem., (2), 6. 292, 1872 ; H. T. Bame« 



ZINC AND CADMIUM 


657 


And A. P. Soolt, J&um. Pk^fs. Ckem.^ S. 636, 1898 ; P. M^yliut »nd R. Punk, Btr., 80. 1718, 11W7 ; 
C. A. VnlBon. CompL Jhnd.^ 74. 104. 1872; G. Uappart, dU Volumdndtruiig 

wdeJki Sabx btm UtAtryang aut dem futen in dsn fliUsigtn Zusktnd erfakrtn^ LU'gn, 1903; 
F. W. Clarke, Amer. Jonm, Scitnest (3), 14. 281, 1877 ; A. C. Oodoraaniw, ZsU.anai, Vhsm,, 7. 
419, 1868 ; R. Diets. B«r., 82. 90. 1890. 

* H. Seotia. CompL Jiemf., 118. 1132, 1894 ; C. A. VaUcn. ib., 74. 104. 1872 ; J. Wagner, 
Wisd. Ann., 18. 265, 1883; ZtiL fky«. Chtm., 6. .31, 1890;* J. C. GraJiaro, ib., 59. 619, 1W7; 
J. Thovert, Ann. Ckim. Phys., (7), 86. 409, 1902. 

* J. Ordway, .-Imer. Joum. Science, (2), 27. 14, 1859; A. and C. Ileisi'hauer. XeuM 
JaM, Pkarm., 11. 137, 1869; T. Graham, PAi7. Trane., 127. 47, 1837; J. I. Pjt-rie, Ana. Ckim. 
Phye., (3), 16. 247. 1846; A. Ditto, i5.. (6). 18. .‘IS."). 1879; ( omk Rend., 89. 576. 1879; 
R. Schindler, Mag. Pkarm., 31. 167, 1823 ; SA 43, 1824 ; H, Funk, Zeit. anoiy. Chm., 20. 4(X), 
1899 ; A. M. Waailieff, Jonrn. Ruee. Pkya. Ckem. Soc., 41. 744, IIHMJ ; N. I^lHohin, ib., 87. 3H2, 
1905; W. A. Tildeii, Journ. Cfutn. Soc., 46. 409, 1HS4 ; ('. vun Hauer, Sitzher. Ahad. H'ien, 

16. 23, 1855 ; 25. 135, 1857 ; A. Hubert and G. lievnaud, Compt. Rend., 182. 408, K8)l ; H. Lea* 
oojur. Ann. Vhim. Phye., (7), 7. 423, 1896; A. Ditto, ib., (5). 18. 341, 1879; J. L R. Morgan 
and P. T. Owen, Joum. Amer. Chetn, Soe.,2li. 1439, 1907; M. HaHmdhlatt, Zni. unorf. ( hem. 
119, 325. 1922. 

» F. Riidortr. Wied. Ann., 146. 599, 1871 ; H. C. Joiitw, Zat. phye. ('hem., 11. 545, 1893 
H. (’. JoneH and F. H. (iretman, lA., 49. 417, HMM ; G. Tanimann, Mitn. Acad. St. Peterehnry, 
(7). 36. 9, 1887 ; tt'ied. Ann., 84. 307, 1888; H. Leacoiur, Ann. Cktm. Phye., (7), 7. 421, I89tt 
J. L. R. Morgan and F. T. Owen, Journ. Amer. Chem. Soc., 29. 14.39, 1907 ; J. iSchrdder ant! 
H. Steiner. Joum. prakt. Chem., (2). 79. 49, IIHW. 

* J. C. G. de Marignac, ArrA. Sciencee Cenive., (2), 65. 113, 1870; Ana. Ckirn. Phye., (5), 
8. 410, 1870; J. Thomson, Thcrmochemteche U ntersuchungm, Leipzig, 1. 351, 1882; 3. 275. 
1883; Journ. prali. Chem., (2), 11. 284, 1875; (2), 17. 170, 1878; Syetematiecke Durtkfilkrung 
tkertnochemiecher C ntersuchungen, Stuttgart, 1900 : M. Berthelot, Thermochimit, Paris, 2. 310, 
1897 : Ann. Chim. Phye., (5), 4. 189, 1875; F. Braun. Wied. Ann., 16. 593, 1892. 

^ H. C. .Jones and F. II. Getinan, Zeit. phye. Chem., 49. 419, llHH ; M. 1« Blano and P. Rnhland, 
ih., 19. 282, 1896; D. Dijken, ib., 24. Ill, 1897; H. do Muynek, Wied. Ann., 53. 561, 1894; 
A. HtOjcrt and G. Roynaud, Compt. Rend., 132. 408, ISIH); k. K. Garrett, Phii. Miiy,, (6), 18. 
728, 1907. .1. K Collins, Phye. A’ee., (2), 20. 486, 1922; \V. N. Hartley, J<mrn, (%m. Si>c,, 
81. 5.50, m2. 

* S. ArrlicniuH, Recherchee eur la eonduciibtlUi galmni>/ue dee Hectroli/tM, Stockholm, 1884; 
H. C. .huuMt and F. H. Getraan, Zeit. phye. Chem., 49. 417, 1904 ; C. li. Wclier, tb., 4. 187, 1889; 
F, J. Wershoven, ih., 6. 493, 181HJ; A. E. Gunvtt, Phil. May., (0), 13. 728, HK)7 ; U. Freund, 
Wied. Ann., 7. 48, 1870; A. Kbeling, lA., 30. 539, 1887; t). Grolrian, ih., 18. 197, 1883, 
A. Hagenbneh, ih., 68. 33, 1896; F. Braun, »A., 10. 59.3, 1882; B. Pkwcli, Sitzher. Ahad. Wien, 
103. 798, 1894; S. Ijabtindzinsky, Zeit. Elektrochem., 10. 79, 1904; E. Bouty, ('ompl. Rend., 
90. 917, 1880; .Inn. Chim. Phye., (6), 8. 447, 1884; H. 0. .Jonea, The Klecirual Conductivity, 
Dieeocuilton, and Temptralure. ('oc^ciente of Conduciivity from Zero to Sixty Degrees of Ayveoue 
Soiutioxie of a number of Salts and Orjwnic Acids, Washington, 1912; A. f’hasHy, Ann. Chim. 
Phys., (6), 21. 241, 1800 ; G. Carrara, (hzz. Chim. Hal, 83. i, 241, 1903 ; R. Bonz, Conductibililis 
d ^ertrolyles bintitres el ternaires dans VacHont, I^usanno, 1905; W. N. Hartley, Joum. Chm. 
Soc., 81. 6.50, 1902. 

* J. Walker and E. Aston, ./ourn. Chem. .8oc., 67. .580, 1895; Chem. Reus, 71. 280, 1895; 
A. Vogel and C. Rcischaucr, Nfuee Jahrh. Pharm., 11. 137, 18.59; .J. Ordway, Amer. Journ. 
Science, (2), 82. 14, 1859; H. J>. Wells, Amer. Chem. Journ., 9. .301, 1887; A. Terrell, lixdl 
Soc. Chim., (3), 7. .5.5.3, 1892 ; M. Athanaseaco, ih., (3), 16. 1078, 1896 ; G. Housaeau and 0. Tite. 
Compt. Rend., 114. 1184, 1892; J. Ribau, ib., IIA 1357, 1892; R. Sirhintller, Mag. Phnrm., 31. 
167, 1823; 3®, 43, 1824; J. Habermann, Monatsh., 6. 4.32, 1884; P. Grouvcllo, Ann. Chim. 
Phye., (2), 19. 137, 1821 ; H. Lescmur, xh., (7), 7. 416, 189ti ; A. Ditfe, ib., (5), 18. .335, 1879 ; 
Compt. Rend., 89. 676, 1879; M, Berthelot, ib., 114. 1254, 1892; G. A. Bertels, Mitt. Laborat. 
twn IJilger, 11, 1874 ; H. C. Klinger, Ber., 16. 997, 1883; C. F. Gcrhardt, Joxtm. Pharm. ('him.. 
(3), 12. 61, 1847. 

*® W. Meissner, QUbert'e An»., 59. 99, 1818; C. von Hauer, SitAer. Akad. Wien, 16. 23, 1855; 

17. 331, 1856; 136, 1857 ; H. Demar^ay, LidAg's Ann., 11. 240, 18.34; M. C. do Schuyton, 

Chem. Ztg., 83. 480, 1809 ; A. Mailhe, C'om^. Rend., 182. 1560, 1901 ; 184. 233. 1002 ; L. Kahlen- 
berg, Joum. Phye. Chem., 3. .389, 1899 ; P. Jlutoit, Zeit. Elektrochem., 12. 644, 1906 ; A. Maumaun, 
Ber., 2n. 3601, 1904 ; 0. Carrara and L. d’Agoatini, Oaxz. Chim. Hal., 86 . i, 1.32, 1906 ; A. Ditto, 
Ann. Chim. Phye., (5), 1& 335, 1870; Compt. Rend., 89. 576, 1879 ; 0. AndrA, ib., 100. 639, 
1885; 104. 987, 1887; J. Q. Childreo, Qu^. Joum. Science, 6. 226, 1819; Phil. Mag., (1), 
68. 63, 1819; M. L ^onowsloff, Joum, Ruse. Phys, Chem. Soc., 81. 910, HKW; K. Dmokar, 
SkiL EUkirochem., 11. 211, 1906; E. C. Franklin and C. A. Kraus, Amer. Chem. Joum., 21. 1, 
1809 ; F. M. 0. .Johnaon and N. T. .M Mllsmore, Trane. Faraday Hoc., 8. 77, 1907 ; W. Herz, Zeit. 
anorg. Chem., 24. 123, 1900; A. Eckstadt, ib., 29 77, 1902 ; H. Morin, Compt. Rend., 100. 1497, 
1886 ; F. Ephraim and E. BoUe. Ber., 48. 638, 1915 ; P. Ephraim, ib., 62. B, 957, 1919 ; R. Benz, 
ConductibU^ d Rectrolytee binaires et ternaires dans Facwne, Lausanne, 1906 ; M. Uasselblatt, 
Zeit. phys. Chem., 88. 1, 1913 ; Zeit. anorg. Chem., 119. 313, 1921 ; L P. Perman, Proc. Ray. Hoc., 
79. A. 310, 1907. 



W ' INOBOASIC AND THSOBBTICAi CHBMlSraT 

I 80. Zbu Md (Mmhiiii FboiOliata 

Tbe mineral kmeile found in the calamine minea of Altenburg (to-la-ChaneB*)" 
was named by D. Brewster * after T. C. Hope of Edinburgh ; A. Breithaupt cafied it 
prismatoidal zincphyllite. N. Nordenskidld showed that it is probably a hydrated ainc 
phosphate with a little cadmium phosphate. A. des Cloizeaux, and C. Fricdel and 
B. Barasin showed that hopeite is essentially ainc orthophosphate, Zn9^P04)2AHt0. 
A. Schrauf showed that hopite is closely related to eggonite. L. J. Spencer 
showed that the mineral is dimorphous, and exists in rhombic and triclinic forms : 
the former is called hopeite, and the latter parabopeite ; hopeite also occurs in two 
modifications— a-hopeite and j3-hopeite— diatinguislied by their optical properties, 
and their dehydration curves. All three varieties are found at Brocken Hill (N.-W. 
Rhodesia). 

K. Mitscherlich found that normal lino orthophosphate* Zu3(F04)2, is precipi- 
tated on mixing a soln. of a zinc salt with ammonium, potassium, or sodium hydro- 
and he noted that the supernatant liquid becomes acidic. R. Sc-hindler, 

. Debray found that when dil. soln. of zinc sulphate and sodium hvdrophos- 
phate are mixed in the cold, a translucent jelly is first produced, and this soon 
iM^comes opacjue, and aggregates into a fine white crystalline powder ; if the soln. 
are mixed boiling hot, no jelly is produced, but the pulverulent precipitate is pro- 
duced at once. W. Heintz also obtained the same product by working with acetic 
acid soln. According to W. Heintz, and H. Debray, the same compound is also 
produced when zinc carbonate is dige8t<*d with an aq. soln. of phosphoric acid, not 
m excfiss. A. de Schulten obtained artificial crystals of hopeibi by mixing a soln. of 
4*5 grms. of he])tahydrated zinc sulphate in 2 litres of cold water with a soln. of 
dodecahydrated sodium hydrophosphate in a litre of cold water. According to 

A. de Schulten, the composition corresponds with Zn3(P04)2 l^H20 ; 0. Fricdel and 

B. Sarasin gave Zn8(P04)2,4H20 ; R. Schindler, and T. Graham, Z-i3(P04)2.2H20 ; 
W. Skey, Zng(P04)2.5H20 ; and A. Reynoso, Zn3(P04)2.6H20. L. J. Spencer’s 
analyses of both hopeite and paiahojieib' corn‘H|>ond with Zn8(P04)2.4H20. 
Q. Cesaro believed that the formula r)Zn3(P04)2.4Zn(P03)o.7Zn(0n)2.2lH20 best 

represents L. J. Spencer’s analyses, 
but allowing for the. impurities'* 
jiresent in the native samples, the 
formula Zn3(P04)2.4H20 best repre- 
sents the composition of hopeite 
and parahopcite. N. E. Eberly, 
C. V. Gross, and W. 8. Crowell 
studied the ternary system ZnO 
-PgOft-HiO at 2.^'’ and 37° as far 
as 55 per cent. P2O5. Their results 
are summarized in Fig. 62, where 
the dotted line refers to 37° and 
the other lines to 26°. The first 
branch of the curve represents the 
solubility of tetrahydrated zinc 
orthophosphate, Zn3(P04)2.4H20, 
in phosphoric acid, and the posi- 
tion for the curve 37° shows that 
the solubility decreases as the 
temp, rises, ^t A (25°) or A!^ 
(57°) there is a quadruple point where the tetrahydrated normal salt is in equi- 
librium with tnhydrated hydrophosphate, ZnHP04.3H20; there is another 
quadruple point at B (25°), where the latter phase is in equilibrium with the di- 
h\^rated di^drophosphate, Zn(H2p04)2.2H20. The monohydrated hydrophoa-’^ 
phate, ZnHPOi.HgO, appears at 37° but not at 25° ; and the quadruple points B 
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{ tepmesai this pluuo in eqnilibritim fespeotively with the trihydnted hydio- 
** phqlph*te and the dihydiated dlhydrophosphate. 

X de Schulten prepared anhydrous sino orthophosphate by melting together t 
mutare of the hydMW salt with zinc chloride, or by heating in a sealed tube at 
2S0^, a mixture of hydrated zinc orthophosphate with a cone. soln. of sino ohloride. 
F. Stromeyer made cadmhiin (xrtho^hnQjAiate by adding to a soln. of a cadmium 
salt sodium hydrophosphate, A. de Schulten used normal sodium phosphate ; and 
A. Reynoso prepaid the orthophosphate by heating the pyrophosphate with water 
in a sealed tube at 280‘’-300® for 5-6 hrs. 

According to A, de Schulten, the cnntals of anhydrous zinc orthophosphate 
are rhombic prisms. Hopeito was found by L. J. Sj)encer to occur usually in 
aggregates of acicular crystals, or in lamcllas. The rr^^stals are rhombic bipyramids 
with axial ratios a:h: c==0'5786 : 1 : 0'4753, and A. de Schulten found the axial 
ratios with the artificial crystals to be a : 6 : c==0*5759 : 1 : 0 4759. L. J. Spencer 
stated that the imperfect crystals of parahopeite which were available are probably 
triclinic. N. E. Eberly and co-workers described the crystals of the totrahydrate 
as “ shining rhombic plates.” The Spedflo grftvity of anhydrous zinc phospliate 
was found by A. de Schulten to be 3*998 at 1.5“ ; and L. J. Sj>onccr gave 3 04 for the 
sp. gr. of a-hopeite, 3 03 for |9-hopeite ; J. D. Dana gave 3*76-2 85 for hopi‘it-6 ; 
and A. de Schulten gave 3109 for the artificial ciy'stals. The hnidnen of ]) 0 })eite 
is between 2*5 and 3 25 on Mohs’ scale ; that of parahopeite is 3‘75. 

A. de Schulten found that zinc orthophosphate melts at a bright red heat ; and 
F. Stromeyer found cadmium orthophosphate melts to a c^olourless glass at a white 
heat. When a-hopeite is heated to 105“, it becomes opaque, while |3-hopeite becomes 
opaque at 140“ ; and parahopeite becomes white at 163“. The percentage loss of 
water at different temp, was found by L. J. Spencer to be : 
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Curves are plotted from these results in Fig. 53. According to L, J. Spencer, the 
doubto rolractioii of lioth varieties of hopcite is negative, that of phrahopeite is 
positive; the axial angle of o-hopeite is 58 5“, and 
that of jS-hopeite, 32*5“. The me4m Ixidox of rofTACtion 
of hopeite is 1'6(), that of parahopeite is 1'62. A. dcs 
Cloizeaux gives for the index of refraction 1*471 for 
Na-light, and 1*469 for red light; Q. Osaro gave 16 
for Na-light, and be found y--a^'0115; y— 0 0022; 
and P--a=0 0093. E. Goldstein studied the cathodo- 
^UNIphonfCenoe of cadmium phosphate ; and E. L. Ni- 
chols, the brightness of the luminescence of the same 
salt. 

Anhydrous zinc orthophosphate was found by A. de 
Schulten to be but slowly soluble in dil. acetic acid ; 
and the hydrated phosphate was found by R. Schindler 
to be “ insoluble ” in water, easily soluble in dil. ackls, 
and soluble in aq. ammonia, ammoniom carbonate, sulplmte, or nitrate ; according 
to G. C. Stone, the solubility of zinc orthophosphate in an ammoniacal soln. or 
ammonium chloride distingmshes it from the corresponding sidte of cadmium and 
magnesium. Zinc*orthopnospbate was found by W. Skey to give crystalline com- 
pounds with the corresponding phosphates of cobalt and nickel F. Stromeyer a^ 
stated^that cadmium orthophosphate u ” insoluble ” in water. C. Immerwahr 
measured the very sparing solubilities of zinc and cadmium phosphates 
A, Colson found that the speed of decompowtion of zinc orthophoy hate by hydrogen 
fulphidei at a constant temp., is proportbbal to the square of the pteit. of the 
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gas, but at low press, the absorption is rather slower. The speed of the reaction is 
twice as fast at 160° as at KX)^ 

L, J. Spencer reported that crystals of the basic zinc orthophosphate, 
4Zn0,P206.Il20, or Zna(P04)2.Zn(0H)2, or Zn2(0H)P04, occurs as a mineral, 
tarhuttitp, at Brocken Hill (N.;W. Rhodesia). The crystals are triclinic pinacoids, 
with the axial ratios a : 6 : c=0'9583 : 1 : 1*3204, and a— 102° 37', j3=1^3° 52', 
and y” 87° 25'. Tarbuttite has a composition analogous with adamite, the corre- 
sponding arsenal*, but the two minerals are not isornoqjhous. The crystals have a 
strong negative double refraction ; and the indices of refraction are 1*704 and 1*668. 
The sp. gr. of the rx)lourleHS crystals is 4*15, and of the yellow crystals 4*12 ; and 
the hardness is 3*75. T. L. Walker and A. L,* Parsons reported spencerilc, 
Zn8(P04)2.Zn(0H)2.3H20. 

C. F. Wenzel tlissolved zinc, carbonate or phosphate or the metal in an excess of 
phosjihoric acid, and on eva])oration, obtained a gum-like mass which readily futw^d 
to a tranB])areiit glass. If a little alkali be added to the aq. soln., normal zinc 
nhoHphat<* is de])osited. T, ( Iraham prepared lamellar crystals of mODOhydrated zinc 
nydrophosphate, ZnIIP04.H20, by mixing soln. of 3 parts of zinc sulphate and of 
4 ])arts of sodium hydropho.sphate. Each dissolved in 32 parts of hot waU'r. The 
zinc sulj)hat4‘ is here inexcew; if the sodium hydrophosphate be in excess normal 
zinc phosphate is produced. The crv.stuls do not lose water at 100°, but below 
2.'X)°, they give off two-thirds of their combined water ; and at a red heat, they fuse 
and lose all their water. W. Heintz could not confirm T. Graham's results. The 
conditions of equilibrium of the monohydrate at 37°, and of the trihvdrate are 
illustrated by the curves of Fig. 52. N. E. Kberly, C. V. Gross, and W. 8. Crowell 
found that the monohydrate forms small, hard, transparent needles with an extinc- 
tion oblique to the long axis, and which arc probably trielinic ; while the trihydrate 
forms “ sticky, thread-like crystals agglomerating into masses like cotton-wool. 
The ojitical ])ro]M‘rtieH could not bo observed." Wlu'ii zinc diliydrojihosphate is 
treated wit-li water, W. Dcmiel found that a wdiite insoluble crystalline powder, 
lOZnO ll^Oj IOH2O, or possibly 2Zn3(P04)2.4ZuHP04 8H0O, is formed which 
loses ro per cent, of water at PKT and 10 ()3 per cent, at 28()°. 

According to A. de Sehulton, the acid phosphate 5CdO.2P2G5.5H2O, or 
Cd;j(P04)2.2(\lHr04.‘lH20, is precipitated when a soln. of a cadmium salt is 
treated wit li ordinary sodium phosphate ; the precipitate, at first amorphous, soon 
becomes crystalline. Good crystals were made by dissolving cadmium carbonate 
in 25(1 c e. of phosphorii* acid of sp. gr. 110, aided by lu*at, until a slight ])recipitate 
of cadmium ])hospliate is produced. The mixture is heated on a water-bath and 
slow'ly mixed witli r»00 e.e. of 3 per cent, aq, ammonia. The sarno compound is 
formed by heating cadmium dihydrophosphate, to KX)“. The prismatic crystals 
belong to tlu' monoclinie system, and have the axial ratios a:b : c~[ : 1 : 0'5159, 

and they are isomorphous with the corresponding manganese salt, the mineral 
hitrmulUe. The sp. gr. of the ciystals ranges from 3*96-415 ; the double refraction 
is negative. The erystels lose their water at a red heat, and fuse at a white heat— 
the residue has the composition 5Cd0.2P205. According to A. de Schultcn, by 
fusing cadmium chloride or bromide with normal cadmium phosphate, or the phos- 
])hate Cd2(P04)2.2CdHP04.4H20, and washing the product with water, prismatic or 
pyramidal crystals of cadmium ohloroapatite» 3Cd8(P04)2.CdCl2. of sp. gr. 5*46 at 
15°, or oadiuium bromoapatite* 3rd3(P04)2.CdBr2, remain undissolved. 

W. l>mel prepared dihydrated zinc dihytoj)ho8phate« Zn(H2P04)2.2H20, 
by dissolving zinc oxide in an excess of aq. jihosphoric acid, 100 grms. of the acid 
dissolve 10 grms. of the oxide. The soln. on standing deposits triclinic crystals 
with axial ratios 0 : 6 : c— 1*6002 ; 1 : 1*1393. The diagram, Fig. 51, shows the 
conditions of e(|uilibrium of this salt. The crystals are permanent in air, and lose 
up to 1 “86 per cent, of water at 100°, and at the same time fuse at the edges. 'The 
compound is decomposed by water as indicated above. The crystals are stable in 
the presence of alcohol or ether ; and dissolve in hydrochloric acid. A. de 
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Schulten evaporated at ordinary temp, a dil. soln. of phoaphoric aiid, sat. with 
Cd3(P04)2.2€aHP04.4H20, and obtained rhombie priams of dihydrttod oadmiuni 
dihydrophosphate, Cd(H2p04)2.2H20. The cryataU have a gp. |srr. of 2 711 at ir> ; 
they loeo their water of crystallization at loU"' ; and thev are decompostMl bv water 
re-forming Cd3(P04)2.2CdHP04.4H20. 

When a hot soln. of zinc sulphate is mixed with an excess of ammouimn }i1jos- 
phate, H. Debray showed that amorphous ammonium Eino phosphate, ZnNH4lH>4, 

IS precipitated, and if kept in contact w'ith the heated mother lujiiid for 10-15 mms., 
crystallization occurs. Advantage is taken of this in H Tamm’s process ^ for the 
gravimetric determination of zinc ; the washed pnjeipitate is iginU'd m an oxidizing 
atm,, and the metal weighed as zinc pyrophosphate^ Zu^P^D?- The mODOhydratdd 
ammCMliOtn zinc phosphato, ZnNH4P04.Ug0, was obtained by A Jlette by 
adding ammonium phosphate, mixed with an excess of aq. ammunia, to a soin. of 
zinc sulphate, and digesting the mixture at ordinary temp, until the pn'cipitate 
is crystalline, and the excess of ammonia has evuporaOd. Tin* prc'cipitate is 
washed, pressc-d between folds of tilU*r paper, and dried. W. lleintz modilied tlie 
procedure a little. If sodium phosphate is used instead of the ammonium salt, 

A. Bc'tte found the washing of the precipitate* is diilieult. W. Hemtz slated that 
the micro.se'opic crystals are colourless rectangular plak'S ; and A. Jhlte* added 
that they are insoluble in wat<*r, but soluble in soln. of ammonia, and potassium or 
sodium hydroxide. U. Debray stated that by the spontaneous evaporation of an 
acidilied soln. of zinc chloride and ammonium phosphate*, insoluble crystals of 
monohydrated ammonium zinc dihydrophosphate, Zn(Nll4)llPU4(ll2p04).ll20, 
are* produced. H. Sihweikert found that microscopic scales of a basic ammonium 
zinc phosphate, CZn0.8NH3.3Pj,06.4H20, are produced when ummoniaca! soln. of 
zinc sulphate and phosphoric acid ane mixed and allowed to stand for seimi* days 
W. Ifeintz found the crystals of the same salt separate when the- mixed se»ln. is 
•‘Xposed to the cold of a winter’s day. 

E. II. Miller and R. W. Page pre*pare*d niouohydrate*d ammonium cadmium 
phosphate, CdN 1141^)4, H2O, by mixing a soln. of a cadmium salt with an aq. soln. 
of ammonium phosphate, and allowing the llocculeiit j)re*cipituf/<‘ to stand until it 
becomes crystalline. 8. Drewsen believes that IJ mols of wab-r of crystallization 
arc present. The salt is readily soluble in aq. ammonia and in acids ; and when 
boiled with waU*r, the salt loses water and ammonia and forms normal cadmium 
phosphate. The mouohydrate can be dried at pK/'-KKk without decomposition. 

E. H. Miller, M. Austin, and A. Carnot and P. M. Proromant recommend the process ^ 
for the gravimetric determination of cadmium ; the wtt8lM‘d precipitate can bo 
ignited to cadmium pyrophosphate, Cd2P207, and weighed, 

H. Grandeau, and L. Ouvrard dissolved zinc or cadmium oxide, or a salt of these 
metals in fused alkali pyro- or ortho-phosphak*, with or without an alkali chloride, 
and, afkr slowly cooling the fused mass, and extracting the soluble salts with wakr, 
ubtain<‘.d as a residue sodium ziuc phospftte, ZnNaPOi, of s}). gr. 3*3 at 20' ; 
similarly also with potassium ziuc phosphate, ZUKPO4 ; sodium cadmium phos- 
phate, CdNaPO,}, of sp. gr. 4 1 at 20^ ; and potauium cadmium phosphate, CklKPO^, 
of sp. gr. 3*8 at 20°. The rhombic crystals arc sparingly soluble in water and acetic 
acid, but are readily dissolved by dil. mineral acids. P. Gluhmann also preparc'd 
sodium cadmium phosphate. L. Ouvrard also prepared cubic crystals of disodium 
zinc phosphate, Zn(Na2P04)2, of sp. gr. 2 8 at 20*^ ; and di^um cadmium 
phosphate, Cd(Na2P04)2, by dissolving zinc or cadmium oxide in an excess of sodium 
pyrophosphate. 

F. Stromoyer ^ prepared gelatinous zinc pyrophosphate, Zn2p207, by pre- 
cipitation from a zinc salt soln. with sodium pyrophosphate. The gelatinous 
precipitate shrinks considerably on drying, and A. Schwarzenberg found that if it 
oe suspended in water, and sulphur dioxide passed through the liquid, the whole 
dissolves, and the soln., when boiled, deposits the salt as a crystalline powder. 

J. Muller made zinc pyrophosphate by treating insoluble potassium metaphosphate 
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with a fat. aoln. of zinc foljpbate at tO® for 4 days ; and by the prolonged action of a 
loin, of fine sulphate on zinc triph^hate. As indicate above, zino or eadmmm 
pyrophosphate is obtained by calcining ammonium tine or cadmium pyroph<^hate. 
A. ^hwarzenberg obtained pyrophosphate, Cd2p207, by the a^n pi a 

soln. of sodium pyrophosphate on a soln, of a cadmium salt, and crystalline plates 
may be obtained by the sulphur dioxide treatment employed for the zinc salt. 
A. de Schulten obtained it by fusing normal cadmium phosphate with cadmium 
bromide. 

According to A. Schwarzenberg, the crystalline salt at 100® retains the eq. of 
It mols of water, and, according to 0. N. Pahl, 5 mols. Crystalline cadmium pyro- 
phosphate at 100® retains the oq. of 2 mols of water ; F. W. Clarke gave 3*7556 for 
the sp. gr. of the zinc salt at 23® ; and A. de Schulten, 4*965 at 15® for the cadmium 
salt. According to P. Gluhmann, cadmium pyrophosphate sinters without melting 
when heated to redness ; and, according to A. Carnot and P. M. Proromant, the salt 
is not volatile at a red heat, but melts at a bright red heat. A. Schwarzenberg 
found that both the amorphous and crystalline zinc or cadmium pyrophosphates 
are soluble in uculs, in potassium hydroxide lye, and in aq. ammonia. Alcohol 
precijiitates a syrupy mass from the ammoniacal soln. G. von Knorre found zinc 
pyroj>hosj)hati‘ is insoluble in acetic acid. J. H. Gladstone found that zinc or 
cadmium pyrophosphate dissolves in an excess of a soln. of sodium pyrophosphate ; 
and F. Stromeyer, that when boiled with a soln. of sodium hydrophosphato, zinc 
pyrophosphate forms zinc dihydrophosphate and sodium pyrophosphate. P. Gluh- 
mann found calcined cadmium pyrophos])hatc is almost insoluble in acids, and is 
very sparingly soluble in cold water, but more soluble in hot water. According to 
A. Reynoso, when heated with water in a sealed tube at 280®-300® for r)-6 hrs., it 
decomposes into a soln. of an acid phosjdiate, and crystals of the normal phosphate. 
Similar results were obtained with cadmium pyrophosphate. Acc-ording to 
A. Schwarzenberg, when zinc or cadmium jiyrophosphaU* is calcined in a stream of 
hydrogen, a sublimate of metal and phosphoric acid is formed, some phosphine is 
produced, and a white mixture of phosphoric acid and metal remains. 

A. Better obtained zmo ammino-pyrophosphate, 3Zn2P2O7.4NH3.9U2O, by mixing 
a soln. of zinc chloride with enough ammonium chloride to prevent precipitation by 
ammouia, and then adding aq. ammonia, and a soln. of sodium pyrophosphate. 
The tlocculent precipitate is washed until the nmnings no longer give a turbidity 
with a soln. of silver nitrate, pressed between filter paper, and dried. According 
to C. N. Pahl, the solubility of zinc pyrophosphate in a soln. of sodium pyrophosphate 
appears to be greatest at 60® or 70®. K. A. Wallroth made SOdium zino p^phoe- 
pntte, ZnNa2p207, and sodium cadmium pyrophosphate, CdNa2p207, in white 
crystals by fusing the respective oxides in niicrocosmic salt at a bright red lieat. The 
cold mass is leached with water and then with dil. hydrochloric acid. A. Wiesler 
made crystals of sodium zinc pyrophosphate by the action of zinc acetate on sodium 
trimetaphosphate. The crystals swell at a dull red heat, and fuse to a glass at 
bright redness. G. von Knorre obtained similar results. C. N. Pahl reported that 
hyuated ZxiNa2P207 eould be obtained with 2 ^ mols of water by adding water to the 
syrupy liquid obtained by the spontaneous evaporation of a soln. of zinc pyro- 
phosphate in one of sodium pyrophosphate ; with 3 and 3^ mols of water of hydration 
oy evaporating the soln. respectively at 50® and 60® ; the latter also as a crystalline 
powder by adding alcohol to the eoln. The salt with 8 mols of water was obtained 
m prismatic crystals by evaporation at 30®. He also prepared long prismatie 
crystals of 3Na4Pg07.Zn2P207.24H20 from the syrupy Ifiquid obtained by ths 
spontaneous evaporation d an aq. soln. of zinc and sodium pyrophosphates. 
0. N. Pahl also obtained small prisms of Na«p207.4Zn2p207.12H20 from a soln. 
d zinc pyrophosphate in one of sodium pyrophosphate prepared at 60®-70® ; and 
if prepared at 70®-80®, 4Na«P2O7.5^2P2O7.20H2O. 0. N. Pahl prepared 

Nagbd P2O7 by adding cadinium chloride to a soln. of sodium pyrophosphate until 
the precipitate is no longer dissolved. The evaporation of the filtered soln. furnishes 



ZIMO AHD CADIODM 60 

pwiwtioa7a«4ib«lkk]>meltrt*ndhc«t,uMl«eu^ UOumid 

Ittmated potmhm Ole nrraplMOliete, K^ZoPtOr- t>y meltiag togethn aao 
OXMA and potaasitim metaphosphate, or ainc phosphate and potassium chloride, 
and leadung out the soluble matter with water from the cooled salt. The cryaUls 
melt when heated, and they readily dissolve in acjds. 0. N. Pahl reported the 
formation of imperfect crystals of 4 K 4 Pg 07 . 5 CdgP 207 . 2 t^Hs 0 by a process similar 
to that employed for the corresponding sodium compound. L. Ouvrard prepared 
pofoafom Oidimailt pyiotfiioqdlifo, CdK,Ps 07 , in a similar manner. 

J. J. Berzelius * prepared glassy zinc metaphosphate by burning zinc sulpho- 
phosphide, ZDPgS2. The product is soluble in water, and is sometimos regarde<i as 
liim di lH 6 t i photptut t 6 > ZlnP^Og, which A. Glatzel made by the action of potassium 
dimetaphosphate on a soln. of zinc chloride ; B. Reinitzer and H. Goldai hmidt by 
the action of zinc on phosphoryl chloride: OZn-ftPOClj—CZnClo-fSZnO+PiO, 
‘and 4ZnO-}-2POClj=ZnP205-|-3ZnOl2, which proceeds slowly at ordinary temp., 
or more rapidly at lOO'" ; and T, Floitmann by evaporating zinc oxide, or a zinc salt 
of a volatile acid, with an excess of phosphoric acid, and heating the product to 
T. Fleitmann also made crystals of the tdrahydrate, ZnP204,4H20, by mixing a soln. 
of ammonium dimetaphosphate with an exwHS of zinc chloride. The cojnp<»und 
melts to a clear glass at a strong red heat, and it is deitonijiosod by boiling with 
sulphuric acid. J. F. Persoz, and T. Fleitmann made what may have licen 
dimeUphosphatOi (JdP20g, by mixi^ cadmium nitrat<‘ first with inetaphosphoric 
acid, and then with aq. ammonia in which menstruum the precipitate dissolves, 
but sejiaratcs again when the soln. is expo 8 <*d to air. A. Glatzel obtained a wbit*' 
crystalline powder of the tribydrate Cdp2^6 '^^^2^^* action of ammonium or 

alkali dimetaphosphate on a soln. of cadmium sulphaU*. The waU‘r is lost at IfjO" 
without otherwise changing the salt, but an alteration occurs at a higher temp. 
The salt melts at a red heat, and when slowly cooled form.s the t<*trameta])hosphate. 
100 parts of water dissolve 3 K 1 parts of the salt. Both tlie cadmium and zinc 
salts are scarcely attacked by acids other than suljdiuric a<!id ; and are easily 
decomposed by molten sodium carbonate, forming sodium dimetaphoMpbat(j. 

A. B<?tte obtained a white precipitate which soon coagulaU‘d to a n*sinoU 8 mass, 
and dried to a white powder by mixing ammoniacal soln. of zinc 8 ulphat<* and vitreous 
sodium phosphate. The dry preci})itate has 6 00 per cent. NHg, 46 ‘ 4 riZnO, 
33‘68p205, and 13 * 371120 , and it was supposed to b<» a mixture of phosphoric acid 
with a double phosphate* of zuic and ammonium. A. Glatzel prepared tatrahydrafod 
ammonium zinc dimetaphosphate, (NH4)2Znp40|2. 11120, by treating zinc dimcta> 
phosphaUi with an aq. soln. of ammonium chloride. It gives off ammonia at 200 *, 
and mo.Ht of the phosphoric oxide may be volatilized by ])rolonged heating. The 
salt also melts to a colourless glass ; and it is decomposed by sulphuric acid. 
KK) parts of water dissolve 1*43 parts of the salt. A. Glatzel prepared trihydrattd 
ammonium cadmium dimetaph^hate, (NH4)2Cdp40i2 3H2O, in white granules 
by the action of ammonium chloride on cadmium dimetaphosphate*, or of ammonium 
dimetaphosphate on cadmium chloride. Two-thirds of the water are lost at 150 “, 
and all at 200 “ without change in its constitution ; it dissolves readily in acids. 
The compound loses ammonia when heated above and melts to a glass at a 
bright red heat. The glass is slowly decomjKised by boiling acids, and rapidly by 
fused sodium carbonate. 

G. Tammann rejmrted that he had ])rcpared nnn trimctophoiphtfoi 
Zii 2 (p 30 ^) 2 . 9 H 20 , by mixing sodium trimetaphosjihate with zinc chloride or sulphate. 
The precipitate separates slowly ; 0*1 grra. dissolves in a litre of water at 20“ ; and 
it melts to a glass at a dark red heat. A. Wiesler, however, could get only the 
pyrophosphate ; nor did G. von Knorre succeed in verifying G. Tanimann’s con*’ 
elusion. T. Fleitmann and W. Henneberg made fOCUnm zinc trimetaphoq^lAfo, 
ZnsNa^fPsOgls ; and A. Wiesler reported l£at fodlom Ctdminm trimetaj^hoiphafo, 
Ka 4 Cd(Ps 03 ) 2 . 4 H 20 , is obtained as a flocculent precipitate by mbung 10 grms. of 
sodium trimetaphosphate with a cone. soln. of 8 grms. of cadmium iodide, and 
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precipitating with alcohol. It ia sparingly soluble in water and insoluble in 
alcohol, 

A. Glatzel prepared zinc tetramctaphosphate, Zn2P40i2, by evaporating a sobi. 
of zinc oxide in one per cent, excess of ]>ho8phoric acid, heating the dry mass to 
redness, and slowly cooling. The powdered mass is washed with cold water. The 
salt is decomposed by fusion with sodium carbonate ; it is soluble in nitric acid ; 
dissolved by boiling sulphuric acid ; and forms tetrametaphosphoric acid and zinc 
sulphide when treak*d with hydrogen sulphide. The decahydrated zinc tetramota- 
phOSphatCf /n2p40j2.lOH20, separates in white crystals from dil. soln. of alkali 
tetrameta])ho8])hate and zinc salts. Part of the water is lost at and all at 150^*. 
It melts to a clear glass at a red heat ; I 818 parts of the salt dissolve lUO parts of 
water ; and it is decomposed by boiling acids. A. Glatzel prepared cadmium 
tetramctaphosphate, Cd2P40j.2, and decahydrated cadmium tetramctaphosphate 
^AGi2 p^ll2G, in a sifiular manner. T. Fleitmann found that the former is 
easily decomposed by a soln. of sodium sulphide. A. Glatzel prepared colourless 
crystals of hexahydrated potassium zinc tetrametaph(»phate, ZnK2P40i2d>H20, 
by the action of potassium chloride on a soln. of zinc dimetaphosphate, and when 
heated to dull ri'diiess, the water is lost and the anhydrous salt is formed without 
change in tin; constitution. The salt melts at a strong red heat, and forms on cooling 
an opaipie mass without any dimetaphoHjihate. It is decomposed by boiling 
sulphuric acid ; and M4 parts of the salt dissolve in 1(.H) parts of wat<;r. He also 
])repared in a similar way, trihydrated potassium cadmium tetramctaphosphate, 
CdK2p40i2'^Il2G, 0’74 part of which dissolves in 1(K) ])urts of wakr ; hexahydrated 
sodium ^c tetrametaphosphate, Na2Znp40}2.Gii20, and trihydrated sodium 
cadmium tetramctaphosphate, Na2Cdl*40]2.3H20, whidi is insoluble m water and 
more easily deeomjiosed liy water than the potassium salt (1. Taiiimunn also 
reported ri'gular crystals of sodium zinc OCtometaphosphate, Na2Zn3p8024, as a 
result of melting a mol of sodium ammonium phosphate with a mol of zinc sulphate. 
It is insoluble in mo.st acids, but soluble in cone, sulphuric acid ; and produces a 
grey film when treated with alkali sulphides. 

J. Miiller<* obtained what was possibly zinc triphosphate, ^•‘5(1*8^10)2. by 
treating insoluble sodium meta])hoH])liate with a sat. soln. of zinc sulphate at 70'", 
for a long time, and he made cadmium triphosphate, f 'd5(P30]o)2, in a similar w^ay ; 
and P. Gluhmann made it by treating an atp soln. of sodium triphos}»hate with a 
soln. of oadiiiium sulphate. The product may be a mixture of tetraphosphate and 
pyrophosphate because the reactions are characteristic of ])Yropho8piiate8. It 
sinkrs without melting at a red heat, and it then becomes insoluble in acids. The 
salt is insoluble in water. F. Schwarz jircpared prismatic, possibly triclimc cry'stals 
of hydrated sodium zinc triphosphate, NaZn2P30io.l)lH20, by the action of a zinc 
salt on sodium triphosphate. P. Gluhmann made dodecahydrated sodium cadmium 
triphosphate, Na3Cdp3Oi0.12ll2O, from a cold sat. soln. of cadmium sul})hate and 
the calculated quantity of sodium triphosjihate. The mineral arakaumte from Ara- 
kawa Mine, Akitn, Japan, was described by Y. Wakabayashi and K. Komada as a 
zinc copper phosphate, (C’u,Zn)jjP20ii.7H2b. The dark bluish-green crystals belong 
to the monoclinic system, and have the axial ratios a : b :c=0’7497 : 1 : P0246, 
and j8=7()" 80'. 'fhe sp. gr. is 3’09 ; the hardness 3.J ; the optic axial angle 
2y«38' 30'; the indices of refraction a=l‘618, j8=rG22, and y=l'658; and 
the optical character positive. 
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§ 21. AUoys and Intennetallio Ck^mponndf o! the Calcium and Zlinc 
Families 

The allots of calcium and of barium or strontium with the allcali metals have not 
been investigated H. Caron ^ obtained an alloy of sodium and calcium by melting 
in a well-closed iron crucible an excess of sodium with calcium chloride. When the 
resulting product is heated in an iron retort, the sodium may be ail distilled off. 
W. Moldenhaucr and J. Anderson prepared an alloy of calcium and potassium. 
A review of our present knowledge of the binary alloys of the alkali, copper, c^lciutn^ 
and zinc families is indicated in Table VI, which shows by a hyphen {--) that the 
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TaBLK VI.— BIVABT IjrriBMETilXlO COMrOUHM. 
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alloyit havt) not been investigated ; a eipher means that no compound is formed ; 
and a C means that one or more coinpoundM are known. For convenience, mercury 
has been included in the summary. 

Sodium, potassium, and lithium do not unite with magnesium to form a com- 
jwund. T. L. Phipson * made a ductile alloy of magnesium and soditim which 
decomposed water at ordinary temp. J. Parkinson found the two elements unite 
at a red heat without incandescence, and form a silvery white alloy which readily 
decomposes water when the sodium dissolves, and magnesium metal remains. 
Mixtures of magnesium and sodium separate into two layers at 038'' one with 
between 2 and 07 per cent, of sodium, and the other with up to 3 per cent, of 
magnesium, Fig. 50. According to T, L. Phipson, magnesium alloys with potassium 
to form a ductile alloy which decomposes waU‘r at ordinary temp. ; but D. P. Smith 
showed that the two elements are almost immiscible when melted, aiul that the m.p. 
of neither clement is much adected by small additions of the other. Fig. 5.“). The 
. behaviour of potassium resembles that of sodium towards magnesium, but the 
solubility of potassium is even less than that of sodium in magnesium. G. Masing 
and G. Tammann showed lithium and magnesium form two series of mixed 
crystals above 95 per cent., and below 85 per cent, magnesium, Fig. 54. 



Flo. 54. — Fusion Curvos Fio. 65. — Fusion Curve of 
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of Sodium-Zino 
Alloys. 


Both sodium and potassium appear to unite with line to form bmary compounds, 
Figs. 56-57. J. L. Gay Lussac ana L. J. Th^nard,^ and 0. 8. S^ruilas made an alloy 
of potassium and sine. The brittle mass meltod at a red heat ; oxidised readily in 
air; and decomposed water, especially in the presence of dii. acids. J. L. Gay 
Lussao and L. J, Th^nard also made an alloy of sodium and sine. Qualitattre 
experiments on the xmo«>dium alloy were also made by R. Rieth and F. BeihrtiiD, 
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r. Hi^r tud M. Sid^ H. Boae, and C. T. Heycock and F. H, NeviUa. L. Hidin 
made the alloy by forcing a stream of sodium under press, into a bath of molten nno« 
F. L. Bonnenschein, C. H. Mathewson, N. 8. Kurnskoff and A. N. Kusnetsof! studied 
the alloys of cadmium and sodium ; and D. P. Smith those of potassium and 
cadmium. The general character of the equi 
librium curves is shown in Figs. 56 and 57. Cer- 
tain arrests in the cooling curve are interpreted 
to mean chemical combination. The provisional 
formulae of potanhim liiicida is EZn^ or is. and 
of aodiom sindde, NaZnji or U. as advocated by 
D. F. Smith and C. H. Mathewson. Potassium 
and cadmium alloys give a f.p. curve rising tu 
a maximum at 473", corresponding with potas- 
fiimi cadlllid6| Cdn and then fallmg to 

a horizontal line at 468" with between 17 and 
99 atomic per cent, of potassium. Mixtuix's 
represented by points on this line separate int-o 
two layers — one rich in potassium, and the other 
rich ill cadmium. There w a doubt whether a 
slight singularity in the curve between the hori* 
zontal line and the maxinium for KCdn or 12 
represents an experimental (‘rror or the forma- 
tion of a compound Cd 7 K. K. Kremaun and 
zinc alloys with potassium for the cell Zn j KClj,yri.iUi<* I h ' Zn^uoy ; and simi- 
larly also for Cd | KClpj-ridine I K— Zii^uoy. U. Tammunn nn asured the chemi- 
cal activity of the pota^ium alloys w'ith oadniiuin and with zinc. The curve 
with sodium and cadmium was shown by N. S. Kuruakoff and A N. KusnetzofT to 
have two maxima corresponding with sodium cadmidos n‘pr<‘S(“nted by cubic (;ryHtals 
of Cd 4 Na or Cd 5 Na freezing at 363", and octahedral crystals of CiljjNa freezing at 
385°, and with a sp. gr. 5'669 at 2074“. There is a horizontal line at 330", with 
between 58 and 70 atomic per cent, of sodium. The depression m the f.p. of 
cadmium observed bv 0. Tainmann, and by (\ T. Heycock and F. H. Neville, is 
too small to ap|)ear on the scale of Fig. 59. W. Biltz and 0. Haase found 5*650 
for the sp. gr. of sodium dicadmide at 25 /4 ; and 7'OOy for that of the penta- 
cadmide. They also measured the heats of formation of these compounds. 
According to 6. D. Boos, the heat of fusion of sodium cadmide, NaCd^, is 16*9^ 
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C»!s. per gram, and of CdgKa, 22*8 Gals, per gram. The heats of formation ol 
the two compounds are respectively 60*6 ±3*5 Cals, per mol, and 30*8 ±1*6 Cals... 
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per mol. There is also estimated to be a 10 per cent, dissociation oi) melting NaCd4 
and 5'5 per cent, dissociation on melting NaCd2. G. Tammann measured the 
chemical activity of sodium alloys with zinc and with cadmium. According to 
G. Masing and G. Tammann, lithium probably forms two lithiom cadmides, 
namely, LiCd, freezing at 505®; and Li6l2, freezing at 541°. The equilibrium 
diagram is shown in Fig. 58. R. Kremann and P. von Reiningshaus studied the 
e.m.f. of alloys of sodium with zinc and cadmium. 

P. Lobeau ^ has prepar(‘d alloys of copper and beryllium by heating a mixture 
of the two oxides in an electric furnace. The alloy with 1'52 per cent, of beryllium 
is golden-yellow, and that with 5 per cent, of this metal is yellow, easily polished, 
docs not oxidize in air, and dissolves with difficulty in'iiitric acid. The alloy with 
10 per cent, of beryllium is pale yellow, almost white. The alloys give a f.p. curve, 
Fig. 61, which shows that the m.p. of copper (1085°) is depressed rapidly to 865° 
by the addition of beryllium, and a-solid soln. containing up to 10*5 atomic 

{)er cent, of beryllium are formed ; the f.p. curve then changes its direction and falls 
ess rapidly down to a eutectic at about 840° with 27 ‘5 atomic per cent, of beryllium. 
The curve then rises to a point of inflection at about 1)10°, and there is a break at 
938°. There is a [loint of inflection corresponding with beryllium cuphde, 



and breaks at about 010° and 938°. The curve then rises to a point of inflection 
at 1206° corresponding with CuBeg, jS-solid soln. extend from 23*5 to 45*5 atomic 
'per cent, of beryllium ; y-solid soln. from 46*5 to 49 atomic per cent, of berylbum ; 
and S-solid soln. from 70 to 75 atomic per cent, of beryllium. A mixture of and 
y-8olid soln. extends from 45*5 to 46*5 atomic per cent, of beryllium, and a mixture 
of y- and S-solid soln. from 49 to 70 atomic per cent, of beryllium. The f.p. curve of 
silver-beryllium alloys is much simpler than is the case with the copper-beryllium 
alloys. G. Oesterheld found a eutectic at 878° with about 15*3° atomic per cent, 
of beryllium, and the curve rises t<i a point of inflection at 92*6 atomic per cent, of 
beryllium when there iA a break representing a compound of unknown composition — 
AgBe^, Fig. 62. 

J. Parkinson ® prepared an alloy of copper and magnesium by putting magnesium 
under molten copper, covered with a layer of charcoal ; H. N. Warren and others 
made an alloy by melting the two metals under borax, magnesium, sodium, or 
potassium chloride, or calcium fluoride. R. E. Slade reduced a mixture of magnesia 
and carbon in an electric furnace, and absorbed the vapour of magnesium by copper ; 
A. Schmidt, and K. Seubert and A. Schmidt heated a mixture oi cuprous chloride 
and magnesium tilings ; J. Bogusky electrolyzed fused cryolite with copper electrodes; 
D. S. Ashbrook electrolyzed mixed soln. acidified with nitric acid— A. Siemens 
found soln. of the sulphates do not give an alloy. M. Rietz and M. Herold electro- 
lyzed a mixed soln. of a magnesium salt of an organic acid and cupric cyanide. The 
f p, diagram of copper and magnesium, Fig. 63, has three eutectics, one with about 
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9 per cent, of nu^negium, melting at about ; one with about 31 per cent, of 
magnesium, melting at about 552“ ; and one with about 70 j)er cent, of magnesium, 
melting at about 485°. According to R. Sahmen, the maximum at 797“ corresiwnds 
with magnaainm capride, 0u2Mg ; and that at 570“ with CuMg^. 0. Boudouard's 
compound CuMg has no existence. L. Quillet found that alloys with up to i pr 
cent, of magnesium are malleable ; J. Parkinson’s report of the brittleness of the 
* alloys is based on experiments with impure materials. M. Mouehel found the 
alloys have great mechanical strength, and a small oh'ctrical it'sistance ; and 
L. Aitcheson U‘8ted the mechanical properties of the 3 and 13 per cent, copjwr alloys. 
(>. Tammann and K. Dahl also studied the brittleness of this conijwund. They 
observed no gliding planes nn the crystals, and noted the compound becomes 
plastic '>0“ below its m.p. (!), A. Kraus measured tin* elect rical conductivity of 
tnaguesiuin dicupride and heinicupride. 0. Boudonard noted the solubility of the 
alloys in dil. nitric acid ; E. Beck, the fixation of nitrogen bv the heated alloy ; 
W. Jonge, and G. Tammann, the chemical activity ; and R. SahiiK'n, tin' attack 
on porcelain by molten alloys with (jver 10 per cent, of magnesium. 

J. Parkinson ® prepared an alloy of silver and magnesium. S. K. PeluMut- 
schuschny studied the f.j). curve, Fig. t54, and obtained a eutei'tic at 750“. and 
a maximum at corresimnding with magnesiam argentide, AgMg, and there is 
a bend in the curvi* at 492“ corresponding with the argent ide AgMg.}. Then' is a 
second eut<*ctic at 409“. W. Hiuirnotf and N. 8. KurnakofT stated that these two 
eonipounds form hylotropic phases, for they melt without decomposition. Silver 




Km. 63. Fusion Curve of Fio. 04.— Fusion Curve of Fio. 6.\— Fusion Curve of 
MoKnesium-Copper Alloys. Magnesium-Silver Alloys. Magnosiuin-Uold Alloys. 

forms solid .soln. with about 28 at. per cent, of magnesium, and the compound^ 
AgMg forms solid soln. with 12 at. per cent, of silver, and 10 at. per cent, of mag- 
nesium. .\ccording to S. F, Schemtschuschny, the crystals of Mgj,Ag belong to the 
hexagonal 8y8t<*m, and have axial ratios a : c~l : 0 6905. W, Smirnoff and 
N. S. Kumakoff studied the hardness of the magnesium-silver alloys, and obtained 
a w'ell-dcfmed minimum corresponding with the compound Mg^Ag ; at this point 
there is also a minimum in the electrical conductivity curve, and a maximum in the 
curve representing the temp, coeff. of the electrical resistance. There was also a 
sharp maximum in the rx)nductivity curve corresponding with BtgAg. K. Bornemann 
found that freshly cut surfaces of alloys with 57 to 70 at, per cent, of silver are 
yellow ; the malleability of silver is lowered when alloyed with magnesium ; and 
alloys rich in magnesium are brittle and decomjjow' water more easily than silver 
alone. G. Tammann studied the chemical activity of the alloy. 

Alloys of gold and magnesium were first made by J. Parkinson, ^ and they were 
studied in detail by R. Vogel, and G. G. Urazoff. They were made by heatii^ a 
mixture of the twU* metals in a graphite crucible under a layer of fused ^tassium 
chloride and calcium chloride, M. le Blanc and L. Bcrgrnann obs(*rved tne forma- 
tion of the alloy when magnesium was heated with sodium hydroxide to 400“ in a 
gold crucible. The fusion curve is shown in Fig. 65, There is a eutectic at 830“, 
and a maximum corresponding with the formation of migna i h ua ioridii AuMg, 
between 1150° and 1160° ; a second eutectic occurs at 783°, and a second mwdmur 
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at t88®-796® wrreaponding with AuMgj ; » third eutectic occurs at about 77jJ® 
and a third maximum between 818^ and 830’’, corresponding with Auh^ ; and a 
fourth eutectic occurs at about 576®. There is a break in the curve at 796®-798®, 

, corresponding with the formation of An 2 Mg(. Several solid soln. are formed. 
G. Tammann studied the chemical activity of the alloy. He argued that in a series 
of mixed crystals or in a mixture of definite chemical individuals the alloy behaves 
either as one component or as the other ; thus the AuMg-alloy is as noble as gold, 
and the AuMg 2 ‘alloy is as easily attacked as magnesium. 

Certain alloys of copper and zinc, used extensively in the arts and crafts, are 
called brasws ; and certain alloys of copper and tin are likewise called bronzes. 
Copper is the predominant element in brasses and bronzes, and its primary function 
is to impart toughness and strength to the alloy. The additional elements modify 
the physical projjcrtios — m.p.. tenacity, hardness, ductility, sp. gr., electrical resist- 
ance, etc.— in certain desired directions. By simply varying the proportions of 
zinc between .T() and oO per cent., alloys may be obtained presenting such diverse 
qualities that the different members of the series appear to represent different metals. 
The histor}' 8 has been previously discussed ; the term asem was employed in the 
third-century Egyptian papyri for an alloy of copper and tin. There is a chapter 
headed De compoa^Uin hrandmi in the eighth-century book Compo/ntiones ad tingenda, 
which deals with the manufacture of bronze, and this has been taken to show that 
the term bronze is derived from Brindea, a synonym for Brandusium (Brindisi), a 
town noted in Pliny’s day for its bronze mirrors. There is, however, no general 
agreement as to the origin of the terni bronze. The term brass seems to be derived 
from braes, an old English word for an alloy of tin and copper, and which later came 
to bo used for alloys of zinc and copper. The old brasses resembled the modem 
metal in composition and analyses have been given by C. J. B. Karsten,® 
C, C. T. F. Gohel, J. A. Phillips, and many others. 

In a report ; The Nomnclaiure of Alloys, it is recommended that the term 
brass be us(*d as an abbreviation for the words “ copper-zinc alloys containing over 
50 per cent, of co])j)er.” If the alloy contains a third metal intentionally added, the 
name of that is applied as a prefix — e.g. an alloy with one per cent, of tin, 29 of zinc, 
and 70 of cop[>er would be (tailed tin-^ass ; and the so-called German silver, copper 
60, zino 25, and nickel 25, becomes nichd-brass. If additional metals are present, 
their names can be similarly prefixed, or the term complex-brass can bo employed. 
The term bronze is likewise to be used as an abbreviation for " copper-tin alloys 
^containing over 50 per cent, of copper.” The presence of a third metal intentionally 
added is radicated as in the case of brass ; and likewise for complex-bronzes. 

There are many varieties of brass, and several have received special trade names. 
.A brass suitable for rolling and drawing contains approximately 30 per cent, of zinc, 
and one rather less ductile has 33 per cent, of zinc ; brass for naval work has about 
37 per cent, of zinc and one percent, of tin, it resists the corrosive action of sea-water 
rather better than ordinary brass, and it is harder. Lead is sometimes added to 
brass to facilitate its being turned or machined. Few brasses used for engineering 
work contain over 40 jper cent, of zinc because of their low ductility. Table VII 
represents the composition of a number of varieties of brass. 

Small quantities of iron harden and strengthen copper alloys, the use of ferro-manganeae 
for the same purpose was patented by P. M. Parsons in 1879. The ^oys hardened by 
the addition of ferro-manganese ran^ from the true brasses to the true bronzet of the 
gun*mctal type. The manganeee aota as a deoxidizer, and causee the inm to alloy more 
readily with the metal. If more manganeee is used, it has a haideninc and straigthening 
effect like iron, but not so pronoimced. The alloy has a relatively high reeistanoe to the 
COrroeive influence of sea^water. Sand castinn of mangilieii MBM were found to be 
imisraoticablo and the first castings were tnie bronzes fortified with a litUe mangannsit 
but on account of the greater coet of tin Uiese alloys were more expcninve than braaaoa. 
P. M. Parsona later found Uiat the addition of a little aluroinium to the maoflnmeee braaaw 
with iO to 46 per otot. of zinc, enable sand castings to be made equal to, u not superior 
to. the more ooetl' * ''*'**«e, and, owing to a confusion in the use of tmna, mmjsmnn Inni 
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*'*•* *® of “PPWf*"* 40 to *Sp« wo!. 

****5° ‘^T^^•?2“T;• •*«“»““«». oto.. oloog with • hudtMO- 

^ • tpeoifioatioii mngtacae bronao oontftioa ; 

comr, W-W per 4Mt j ^o. 40>41 per oeat. ; udnot men then 10 par oeal ot tin, 
OO per cent, of ehinunium, O S per cent, of mengeneM^ and 010 per oent. of 1«^. 
broncee of vnrvmg tensile strong end ductility can be Obuined by vamng the proporiionf 
^ of copper and Juno. There are two main varietieo— one is used for rolling and drawing 
and oontama no aluminium, and the other is used for sand castings and oontnins aluiainiura. 


Table VII.— Some Gopper-Zino Alloys. 


AUoy. 

Qne. 

Copper. 

1 Eenurlo*. 

’ ^ ” 

Antifriction metal . 

85 

5 

Antimony, 10. 

Foundry metd 

75 

— 

Tin, 25. 

Vaucher’s bearing alloy . 

75 

— 

Tin. 18 ; Pb, 4 5; Sb, 2-5. 

Muiganese bronze . 

56-58 

42-40 

Al, Mn, Sn, and Pb, about 2 

Mosaic gold .... 

55-62 

45-48 

Bath metal has 45/0, 55('u. 

Brazing solder 

50 

60 

1 

1 

1 

1 

1 

O 

Delta metal .... 

43 

65 

Iron, 1 to 2. 

Muntz metal . 

40 

60 


Sterro -metal .... 

38 

60 

Iron, 1 to 2. 

Admiralty naval brass 

37 

62 

Tin, 1. 

Common brass 

33 

67 


Cartridge brass 

30 

70 


White metal . 

22 

64 

Nickel, 24. 

Qerman silver 

20 

50 

Nickel, 30. 

Dutch metal .... 

20 

80 

Also .Mannlit^ goKL 

Similor 

16*7 

833 


Tombac .... 

16’6 I 

84 '5 


Imitation yellow gold 

15 ; 

85 

Tin up to one i>er cent. 

Prinoo’s niottU 

14 

86 


Oreide 

10 

90 


Red tombac . 

8 

92 


Pinchbeck 

64 

93-6 


ViennoBO tombac 

2-8 

97-8 


Admiralty gun metal 

2 

98 

Tin up to 10 jier cent. 

Britisli coinage 

1 

95 

Tin tip 4 to per cent. 

Imitation itnl gold . 

4 

96 

Tin up to one per cent. 


The effect of siiver and gold on brass has been studied by L. GuUlet ; of ofummium, by * 
L. Quillet, 0. Bauer, J. Czochialsky, W. Hoeenhain, J. L. Haughton, and K. E. B^ham ; 
of nianganeset of chromium, of magnesium, of cadmium, and of silicon, by L. Quillet ; of 
antimony, by J. Csochralsky ; of arsenic, by R. T. Rolfe ; of iron, by L. Quillet, 
F. Johni^, and O. Smali^ ; of oo6af<, L. Quillet, and 8. Pile ; of nickel, bv 
L. Quillet, and 8. Pile; of fin, by L. Quillet, and W. Campbell, see bronze; of lead, 
by L. QuiUet, and A Keesner; of phosphorus, by A. Portevin; of cerium, by L. VV. Spring ; 
of sulphur, by 8. Pile. 

In the older method of making brass, roasted calamine, or furnace calamiue, 
mixed with charcoal and granula^ copper, was heated in a crucible ; and also 
sine oxide was heated with copper and cnarcoal under similar conditions. Brass is 
usually made by fu sing the two metals in a graphite crucible, the copper being placed 
above the sinc.^* l^cn copper is exposed to the vapour of sine it is completely 
pene^ted and brass is formed. The so-called Lyons gold lace was made by exposing 
rods of copper to4he vapour of zinc and when the surface had been converted into , 
brass, the rods were drawn into wire. When a copper coin is placed in a cruciblb f 
above a mixture of charcoal and zinc oxide, and moderately ignited, the copper tSv 
converted into brass without spoiling the impression on the coin. P. 
and G. L. J. de Chalmot produced some brass by the action of zinc on cupric silicide,; 
CuiJBi ; and B. Neamaiin,{and F. von Kiigelgem by reducing a mixture of sinCi 
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chloride and cupric oxide with calcium carbide. W. Spring, and G. Masing made 
alloya by compressing mixtures of the powdered elements. According to 
W. Meissner, when a soln. of copper sulphate in 20 parts of water is precipiteted by 
zinc, the first black flakes which separate are an alloy of copper and zinc ; and 
F. MylitiB and 0. Fromm also made similar observations. R. Bottger noted the 
formation of a film of brass when copper is dipped in a soln, of sodium zincate. 
H. Weiss, and 0, H. Hudson studied the reciprocal penetration of zinc and copper 
at temp, below 419". F. M. Raoult found that brass is formed when a copper platen 
in contact with a zinc wire is dipped in a soln. of zinc sulphate. F. Mylius and 
0. Fromm observed that a zinc anode in a soln. of a cupric salt is at first blackened 
owing to th(* formation of a copper-zinc alloy. C. .B. Jacobs, W. D. Bancroft, 
K. Norden, J. L. R. Morgan, G. McP. Smith, S. P. Thompson, T. J. Baker, 
F. W. Croueher, L. Honlhsvigne, F. Kunschert, 8. 0. Cowper-Coles, R. Namais, 
F. Sauerwald, F, Peters, A. L. Ferguson and E. G. Sturdevant, G. Langbein, J. Stark, 
F. Spitzer, etc., have stmlied the electrolytic deposition of brass from aq. soln. of 
zinc and copper salts. W. H. Walenn, working with an electro-brassing soln. con- 
taining potassium cyanide and ammonium tartrate, at a temp, a little above 0", 
obtained nearly pure zinc on the cathode; ; as the t(‘rap. was raised, the deposit 
clianged in tint, becoming silvery white, and then acquired a yellow colour. He 
suggested that M. Prat’s new element lavmium is the silvery-white deposit. 0. Meyer 
dejmsited brass from an alcoholic soln. of the two salts ; and R. Lonuiz, from fused 
cupric and zinc chloride.s. 

T. Svedberg prej)ared brown colloidal brass— brass methyl-ah-osol by his process 
previously descrilied-- 2 . 23, 10. 0. Ohmann made brass wool M. R. Andrews 
lound that the X-radiograms of zinc-copper alloys show three structur(‘8 : those 
with 0-4>'4() per cent, of zinc have the fare-r<'ntred cubic lattice of copp(‘r ; those 
with iO-M) per cent, of zinc have mixed face-centred and centred cubic lattices; 
those with bO-70 per cent, of zinc have a nearly centred cubic lattice ; those 
with 70-80 per cent, of zinc, have a mixture of the centred cnbii* lattice and another 
probably rhombohedral ; those with 80-‘.H) j)er cent, of zim; have almost the pure 
rhombohedral form ; and those with 90-95 per cimt. of zinc liavc a mixture of the 
rhombohedral and the hexagonal zinc lattices. E. C. Bain also studied the 
X-radiogranis of those alloys. 

Many copper-zinc alloys have been symbolized by chemical formiilai as if the 
mixtures were chemical individuals—c.*/. F. 0. (’alvert and R. Johnson, 

^J. H. Croockewit, T. Matsuda, J. W. Mallet, etc. B. S. Shepherd failed to find any clear 
evidence of the formation of definit<‘ comjiounds of copper and zinc, and he stated 
that all the alloys of these metals are. solid soln. A. P. Laurie, W. Guertler, G. Charpy . 
M. Herschkowitsch, and T. J. Baker, from measurements of certain physical pro- 
perties, inferred the existence of a zinc cupride» CugZng, and possibly Cu 2 Zn. The 
compound (^u^Zn is ]irobably formed at tKlf)", and CugZng at 830". There may be 
other eompoimds, but their composition bas not been established. N. A. Puschin 
believes that in its alloys, co})per behaves like a univalent element in the first group 
of the periodic tablv. The thermal and other properties of the copper-zinc alloys 
have been the subject of many investigations. The general f.p. curve is illustrated 
by Fig. 66, where anq, is employed as an abbreviation for a mixture of a-solid plus 
liquid ; similarly for jSnq, ; etc*. The symbols o, y, 8, «, and rj represent the six 
solid soln. of the two metals. The liquidus curve has six branches conesponding 
with the six solid phases represented by a, j3, y, 8, «, and Alloys with less than 
30 per cent, of zinc always contain th** a-solid soln., and alloys with up to 37 per 
cent, of zinc may contain nothing but the a-phase, but with alfoy^ over 30 per cent, 
zinc, the jS-phase may also be present. The equilibrium conditions for these and 
other phases are indicated in the diagram . When a molten brass containing, say, 
70 per cent, of copper is cooled the a-solid soln. separates out, the first portions are 
much richer m copper than the later portions, and the last portions to freeze out 
are richest in zinc, but are still within the range of the a-soln. The polished surface 
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of th« shows under the nucioscope a number of primary red cores sur^ 

ronnded by the lighter colouted brass— the cores contain about B5 per cent, of copper 
the lighter portions have about 65 per cent, of copj^er, so that the whole of the 
heterogeneous mass contains the o-»Ud soln. When this brass is annealed the cored 
structure disappears, because the line slowly diffuses /rom the parts where it is most 
oono. to the parts poorest in rinc. A molten brass with about 6() per cent, of copper 
furnishes both p- and a-solid soln. when it is cooled ; when annealed between 400® 
and 470°, tbe ^-solid soln. is gradually absorbed by the primary ^-solid soln. An 
alloy containing 40 per cent, of zinc~Fig. 66— rapidly cooled from 880°. contains 



Fia. 66.— Equilibrium Diagram of Copper-Zino Alloyt. 

the /3-phafle ; if annealed to GTjO® and rapidly cooled, it contains the solid phase 
a and P .side by side ; and if annealed at 400°, the solid contains the a and y 
phases. 

Brasses with the a-phsse predominant arc soft, with a high tensile strength and 
ductility ; * the appearance; of the j3q)hasi> makes the brass harder, stronger, and less 
ductile. Expressing the percentage composition as a weight ratio — copper : zinc, 
typical commercial 70 ; SO-brass or cartridge brass has a single homogeneous solid 
soln., the a-constituent. The alloy is very ductile, and can undergo severe cold- 
working without cracking,, but cannot be rolled at a red heat without difficulty. 
In the 60 : 40-bras8, the a-constituent is a<;comj»anicd by the jS solid soln., which 
increases from zero to unity as the [)ercentage of zinc increase's from 36*5 to 46*5. 
The jS-constituent is plastic at high temp., and moreover, the ratio oip. a increases 
with rise of temp., and the original proportion is restored on cooling. The plastic S- 
constituent enables brass to be rolled, stamped, or extracted at a red heat ; and tne 
product can be readily machined when cold. F. Johnson has made a special study 
of the effect of cold rolling on /^-brass, L. Guillet and M. Ballay studied the effect 
of work— on the critical points of brass; and W. Frankcl and 
H. Becker, the spe^ of formation of a and p brasses. 

The colour of the series of copper-zinc alloys has been studied by R. Mallet, 

T. Turner, H. Behrens, £. S. Shepherd, etc. Expressing the proportbns as an 
atomic ratio Cu : Zn, R. Mallet reported ; 

BMidlile Yellowlab' Pile Deop SUvar- Light Dark 

jaOow. nd. yellow. white. grey. grey. 

10tlto7:l 6;lto4:l 3:1 2:ltoi:2 8;17tol:3 8:19to8:23 l:8tol:8 

The colours of th8^copper-sinc alloys, with increasing proportions of zinc, pass 
from the yellowish-red of the 1 to 9 per cent, alloys to the yellow of the 20 to 30 pet 
cent, alloys, the yellowish-red of the 50 per cent, alloys to the pinkish-grey of the 
50 to 56 per cent, allo}^ the silvery-white of Mie 58 to 66 per cent, alloys, to the 
bhuib-grey of alloys w^ over 70 per cent, of cine. The colour of the solid phases 
thus i^peaa to be : a-pbase (copper 100-413 pet cent.), red ; ^phaae (54-:51 per 
▼ot. IT. * * • 
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cent.), Teddwh-yeliow ; y-phase (40-30 per cent,), silvery-white ; and c-pbase (20-13 
per cent.), bluish-grey. 0. Bauer and H. Arndt observed no liquation or segregation 
in brasses with 28 and 37 per cent. zinc. The minute structure has been studied by 

F. H. Storer, E. 8. Shepherd, A. Portevin, G. Charpy, T. T. Cocking, F. Korber 
and P. J. H, Wieland, J. L. Hapghton and K. E, Bingham, L. Revillon and P. Beau- 
verie, F. Johnson. H. M. Brayton, J. S. G. Primrose, S. Pile. etc. ; the Iractuie by 
R. Mallet, E. Maey, E. B. Shepherd, G. Charpy, etc. Further, G. D. Bengough 
and 0. F. Hudson, F. Ddrinckel and J. Trockels, H. Behrens, H, Moore and 
8. Beckinsalc, P. Brcuil, etc., have studied the effect of the annealing temp, on the 
grain-size of the metal. The effect of annealing and rolling on the X-radi(^pnun8 of 
the brasses has been studied by 8. Nishikawa and G. Asahara. The spodflo 
gravity was determined by R. Mallet, E. Maey, T. G. Bamford, E. S. Shepherd, 
R. Hennig, etc. R. H. Weber gave for the sp. gr, at 17717°, for alloys with 

100 SH-e? 78-63 06-53 50-85 4r07 25-95 9 74 0% Cu 

Sp. gr. . . 8-097 8-700 8-573 8*444 8-235 8-128 7 744 7-272 7 024 

*A. Riche inferred the formation of a compound Cu 2 Zn 3 from the brittleness and the 

sp. gr. curves of the cooper-zinc alloys. R. H. Weber also inferred the formation 
of a compound CuZn from the sp. gr. curve. R. J. Anderson and E. G. Fahlraan, 
and F. Johnson and W. G. Jones studied the linear shrinkage in casting brass. 

G. Tammarm and K, Dahl found that while brass at ordinary temp, shows good 
gliding pianos, it becomes plastic about 20^ below the m.p. the specific volume 
has been detonnined by E. Maey, C. Upthegrove and W. C. Harbert, P. Braesco, 
and W. C. Ro berts- Austen ; the hardness, by H. Behrens, C. H. Desch, 
P. Ludwik, J. F, Springer, F. W. Harris, P. Auerbach, F. C. Calvert and 
R. Johnson, E. 8. Sperry, A. Portevin, G. A. Dick, R. Maey, D. Meneghini, 
W. H. Bassidt and C. H. Davis. Breaks in the hardness curve of the copper- 
zinc alloys led N. 8. Kurnakoff and 8. F. Sehemtsehnnchny to infer the existence 
of a coinpound (hioZn. G, Charpy and H Behrens’ observations on the 
microsco])ie structure and hardness of eopper-zine alloys led them to infer the 
forniation of a number of copper-zinc compounds— Cu 2 Zn, C'uZn, CiiZn. 2 , CuZn 4 . 
J. Traube studied the ca])illary angle. T. Turner and M. T. Murray, and 1). Meneghini 
showed tliat the hardness of annealed copper-zinc alloys gives a maximum when 
33 to 34 per cent, of copper is present ; the tensile strength was nv'aaured by 

G. Charpy, P. Ludwik, E. 8. Shepherd, W. C. Roberts- Aust-en, M. Hanszel. 
W. C. Unwin, F. Ddrinckel and J. Trockels, G. D. Bengough and 0. F. Hudson, 

H. M. Brayton, L. Guillet, A. le Chatelier, E. 8. SjM'rry, G. A. Dick, A. E. Tucker, 
0. Smalley, etc. ; the duciility, by A. Guettier, C. J. B. Karsten, C. Karmarsch, 
E. Maey, W. C. Roberts-Austtm, L. Guillet. G. Charpy, H. Behrens, A. Portevin, 
C. Barus, H. Tomlinson, etc. ; and the elastic limit, by G. Chaq>y, H. Behrens. 
E. 8. Siwrry, etc. F. Ddrinckel and J. Trockels studied the impact test. 
According to L. H. Adams, E. D. Williamson, and J. Johnston, the compr^udbility 
of brass (61'76Cu, 3.5‘92Zn, 2'26Pb, 0'05Fe) is 0 89 X 10”® per megabar, and for 
the change in vol. Su per c.c. between press, po and p, they found St>=0‘5xl0*® 
-fO’875xlO~®(p — Po)- E. Madelung and R. Fuchs gave 0'90xl0”® megabars per 

sq. cm. 8. Lussana, W. Owens, and F. Ddrinckel and J. Trockels measured the 
compressive strength of brasses. E. H. Amagat gave 0 0(XXX)953 for the coeff. of 
cubical compressibility : andO'3276 for Poissau’s ratio; and he gave 10,851 kgrras. 
per sq. mm. for the modulus (d! dasticitj ; W. Voigt gave 9220 kgrms. per sq. mm. 
The elastic modulus has also been measured by E. Weston, A. Gray, V. J. Blyth, 
and J. 8. Dunlop, F. C. Lea and co-workers, G. Wehheira, G. Searle, 
N. Katzenelsohn, M. Baumeister, etc. F. Kohlrausch and E. H. Loomis 
found that the modulus of elasticity falls with a rise of temp, such that 

; and A. Gray, V. J. Blvth, and J. S. Dunlop 
found the visoodiy increased with a rise of temp. K. Honda and 8. Konno gave 
1 ‘55x108 at 20° for the coeff, of normal viscosity of rolled 59 :39 brass at 20®. 



ZINC AND CADMIUM 


675 


B. Stribeck found the britUaililf rises from 0*03 to 0*10 per cent, when the 
temp, rises from 300® to 500®. R. H. Thurston, and K. Driineisen measured 
the tonioil modldllS. A. Masson, A. Kundt, and G. Wertheim have measured 
the fdodty d[ sound in brass. The effects of annealing, cold work, etc., on the 
properties have been studied by F. Kdrber and P..J. H. Wieland, A. E. White, 
etc. 

The maltin g point of copj)er was found by J. F. Daniell '8 to decrease with the 
addition of increasing proportions of zinc— rw/c Fig. 66. G. Charpy gave : 


Percent. . 100 90 6 80 3 69-6 60 2 610 39 7 31 0 26 1 20 4 0 

M.p. . 1064*’ 1020“ 1000“ 946* 880“ 862“ 812“ 790“ 700“ 692“ 416“ 

C. F^ry found that when brass with 37 per rent, of zinc is heaU‘d in the electric 
furnace, at 1100®, the zinc is fractionally distilled. H. Moissan and A. J. P. 0‘Far- 
relley also studied the fractional distillation of zinc from the zinc-copper alloys. 
F. Braun observed the volatilization of zinc when a brass wire* is lu'atcd by an 
electric discharge ; and W. Crookes, the volatilization of zinc from a ( atluMle in a 
vacuum tube. L. Guillet and M. Ballay studied the vapour pressure of the 
zinc in these alloys, and found Raoult’s law is not applicable. The ooefflcient 
of t hf>** mftl expansion was measured by A. L. Lavoisier ami P. 8. de l^aplace, 

P. Hidnet, W. Roy, A. Matthiessen, *G. R. Dahlander, etc. H. Fiz<‘au found 

(l(XX)0l8r)9 between 0® and 40°; H. le ChaUdier, 0 0000225 at 707'"; and 

K. Henning, for a brass with 7 r)Cu, 27-7Zn, 0*3Sn, ()*5Pl>, an expansion of 
0 001879 between 0° and 1(X)°. R. S. Willows found the thermal conductivity 
of bra.sH to be about three times as great as for copper. L. Lorenz, T. Turner 
and 1). M. Levy, A. Berget, G. Glage, F. Weber, N. Kumorfopoulos, 
F. E. Neumann, etc., have measured the thermal conductivity of brass. G. Wiede- 
mann found the relative conductivity to he : 


Cu : Zn . • 100 0 8:1 65:1 4'7 : 1 

liel. cond. 73 6 27 3 29'9 311 


1:1 0:100 

26 8 28 I 


At 18', C. H. Lees found a conductivity of 0*260 ; at O ’, 0*2r)t ; at 80 ’, 0*223 ; 
and at -160°, 0181. F. Weber gave 0*791 for the specific heat of brass. F. T)d- 
rmrkcl and M. Werner obtained the results indicated in Table VllI ; then* is s 


Tablk VIII.— Thk Spkcific Hkat or Zinc Coppeb Au^)Y9. 


Temp*;ratim‘. 

I 100* I 232“ ■ 327* ’ 400* '■ 500’ | flOO* i TOO" | 800* 

I 0 0941 i 0 0972 0 0995 OiOIO 0*1036 j 0 1059 0 1083 0 1106 

i 0 0944 1 0 0977 0 1002 0 1021 ' 0 1050 0 1071 0 1098 0 1126 

i 0 0942 0 0972 0 1009 0 1032 0 1063 0*1090 0 1127 0 1159 

0*0937 00980 OIOll 010.34 (0 1060 0 1099 0*1136 0 1168 

0 0940 ! 0 0098 ,0 1044 0 1070 0 1122 1 0 1168 0 1212 0 1264 
0 0951 0 1038 0 1102 0 1145 i 0 1224 10 1283 0*1356 0 1418 

0 0956 0 1069 01134 0 1 191 0 1270 I 0*1349 0 1428 0 1606 

1 . ■ , , 


break near 460°, increasing in magnitude as the proportion of zinc increases. 
R. Schenck measured the ratio of the thermal and electrical conductivities. 
T. J. Baker could detect no heat change in the formation of brass withO to 30 per 
cent, of copper ; bItween 30 and 60 per cent, of copper, the heat Of formattOII 
gradually rises to 46 Cals, jier gram of alloy ; and gradually falls with increasing 
proportions of copjicr. A maximum in the curve corresponds with the comi^und 
!^ 2 ^u, and a second smaller maximum with CuZn ; A. Galt also found a maximum 
corresponding with Cu 2 Zn 3 . M. Herschkowitsch showed that the errors of diri- 
ment are large in comparison with the sraaline.w of the magnitude being measured ; 


Ca I _ 

per cent, i 

I 20 * 


99-82 I 0-0922 
84-80 I 0 0922 
70 96 ; 0 0916 
66 42 i 0-0909 
62 96 I 0-0902 
67-28 ! 0-0896 
53-51 I 0-0892 

i 
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and J. H. Gladitonc diacutaed the etfecta of variationa in the nature of the prodncta 
of the reaction on the result. 

B. Walter studied the tguk spectrnm given by the discharge between brass 
electrodes. R, Emden found the emission of light from brass begins at 405®. 
H. Rubens and R. Hagen studied the effect of temp, on the emudon ot ligllL The 
absorption and radiating power of brass for Hertz’s waves was studied by J. R. von 
Cksitler ; while H. Knoblauch studied the polMlMtion aodo the abnormal 
diipenkm of brass for heat rays. W. G. Hankcl found that an illuminated brass 
plate in water is first electropositive and then electronegative. W. Hallwachs found 
a brass plate is photoalaome, for when illuminated by the aredigbt it becomes 
electrioally positive. R. Hamer found the limiting frequency for the photoelectric 
effect to be A- -3425 ± 75. B. Sabat found that the electrical rxinductivity of braas 
is raised by exposure to the radiations from radium rays. J. J. Thomson found 
that no radioactivity is induced by radium rays. E. Ralles measured the diffusion 
fxicflicient for ionizi’d gases. The ionization of air was found by J. Borgman to 
1)6 stronger with brass than with copper. 

J. Kinsley could detect no transport of either metal relative to the other 
when an electric current is passed through brass. J. Haas measured the specific 
alaotrical conductivity in rec. ohms, and the specific electrical resistance in ohms, 
of zinc-copper alloys at 0®, and found : 

Zn)>eroent. . U 071 0*51 20*20 34*23 46*86 00*63 

8p. resist. . 0 01584 0 01833 0*03010 0*06064 0*06302 0 043 14 0*06883 

Tomp. coeff. . 0004322 0 003726 0*002383 0*001639 0 001679 0 003106 0*0038 

Sp. conduct. . 63 13 64*66 33*22 19*76 16 87 23*18 17*00 

The curve for the sp. resistance rises rapidly until 5 per cent, of zinc is present, and 
it then rises more slowly until 34 per cent, of zinc is pr(‘8ent, when it falls rapidly 
until 47 piir cent, of zine is prt'sent. The tein]). coeff. falls rapidly until 5 per cent, 
of zinc is ])resent, and afterwards more gratlually ; the fall is nearly constant with 
between 17 and ‘H) per eent. of co])per ; and it then sU'adily rises until 47 i>er cent, 
is prewmt. E. F. Northrup measured the resistance of solid and nmlUm bra.s8 ; 
and R. Sehenck, the ratio of the thermal and electrical conductivities. 

According to A. Mutthiessen and C. Vogt, the conductivity of alloys of hard- 
drawn wires between 0" and 100®, when the conductivity of silver is 100 units, is 
60376 -014916d4-0'(KX)2473d* for alloys with 603 per cent, of zinc; 46934 
-0 095947^-f O (K)O14230* for alloys with 10*88 per cent, of zinc ; 21'298--0 040029d 
“fO 00(K)3832d* for alloys with 23*61 per cent, of zinc ; 21*708— 0 027632d 
4-0’0CXK)2698d* for alloys with 29*45 per cent, of zinc ; and 21*793— 0 029939ff 
4-0 00002916^* for alloys with 42'05 per cent, of zinc. Other observations on the 
electrical conductivity of copper-zinc alloys were made by W. H. Mordy, G. Charpy, 
R. H. Weber. F. Welx'r, F. E. Neumann, G. Wiedemann, A. Oberbeck and J. Be^- 
inann, H. le Ohat^dier, A. Berget, L. Lorenz, R. Benoit, 0. D. Chwolson, H. Tomlin- 
son, N. A. Ihischin and W. Rjaschsl^, L. Norsa, W. Frankel, and H. Becker, 
etc. R. S. Willows olxserved no difference in the conductivity of brass for 
continuous and alternating currents at the tomp. of liquid air, of liquid carbon 
dioxide, at 20®, and at 100®. According to D. Goldhammer, the resistance of 
braas in a magnetic field was not appreciably changed. W. Guertler argued that 
the minimum in the electrical conductivity curve corresponding with Cu^^ cannot 
be accepted as evidence of the existence of a compound, but a maximum in the 
curve indicates the presence of a eompound of unknown composition ; J. Baas 
found a maximum in the sp, resistance curve and a minimun{*ln the temp, coeff. 
corresponding with Ou^Zu ; A. Mattbiessen and C. Vogt’s, and R. H. Weber's 
observations also lead to the assumption that compounds are present ; C. Liebe* 
noff’s observations indicated the formation of CuZn ; and H. le CSiatelier’s ci 
CuZn^. E. Bomemann and K. Wagenmann obtained a minimnm in the electrical 
conductivity curve of the molten metal corresponding with CusZns, showing that 
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^ compound probably exwte in the sob. A. Jumaa and Y. R. 0, Lembenr 
measure d the remsta n^ o! powdered bra« mixed with marble. 

The poto n linl difisfoiioe of alloys of copper and amo was measureti by 
W: E. Ayrton and J. Perry « towards water (-0 231 volt) ; dil. sulphuric acud, 
1:5 (— 0*016 volt); cone. sob. anunonium chloride (-^-348 volt); aq. sob. 
aodium chloride, sp. gr. 118 at 20*5“ (-0-435 voIf) ; and a cone. sob. of alum 
(—0-014 volt). The potential towards cyanide sob. was mvestigated by F. 8pit»‘r. 
W, D. Bancroft, J. L. R. Morgan, J. Trowbridge and E. K. Stevens, C. Liobenofl] 
and H. E. Armstrong, measured the ebotloaioti?n toroa against platinum in water, 
and in dil. sulphuric acid ; E. Branley, the e.m,f. against copper in dil. sulpliurio 
acid ; M. Herschkowitsch, F. .Haber, and W. Remders, the e.m.f. against amalga- 
mated zbc in a sob. of zinc sulphate ; S. P. Thompson, against carlwn in a sob. of 
potassium cyanide ; H. Pellat, against gold ; W. K. Ayrton and J. Perr>', against 
carbon, zinc, tm, lead, iron, and platbum. N. A. Pusi'hin found breaks in the 
e.m.f. curve of zinc-copper alloys in corresponding with the com])ound8 

0u2Zn, CuZn, CuZn 2 , and OuZn^. A. P. Laurie, and M. Henu'hkuwitsch also 
mferred the existence of definite compounds— €ujj^, etc., from the breaks in the 
e.m.f. curves. F. Bauerwald measured the e.m.f. of copper-zinc, alloys against 
sob. of zinc chloride. G. Tammann studied the difference in the pottuitials of 
alloys prepared by electrodeposition and by fusion. P. W. Bridgman iiieasunHl 
the thenn06l6CtroillotiV6 1 oe 06» or the Seel^ck effect, of brass win^s, one in the 
normal state and the other under a tension of 28(X) kgrms. per sq. cm. At 52'", 
£=(000()2*2r-0()73r*)xl0”« volts; at 77^ -K«(U00013r~()07l2r*)xlO-^ 
volte; and at y4^ £-(0U0047r~G075r»)xl0--« volte. E. Mstrom measured 
the Peltiar effect with co|)per-zino alloys. R. H. Weber studied the miignetio 
nuoeptibility of the brasses and found a maximum —5*3x10'"^ with the com- 
position CuZn.^, the coin{K)sitions Ou^Zn and CuZn are not clearly marked on the 
curve, but there are changes in the direction of the curve at approximately Cu 2 Znj| 
and CuZng. L. H. Manhatl and R. L. Sanford discussed the magnetic suscepti- 
bility of ferruginous brasses. 

T. G. Hatnford and W. E. Ballanl ** have discussed the action of different gases 
on brass. Wbm brass is heated in air, it acqiiijt's a series of (olours from BUifa(« 
oxidation. L. Lowenherz showed that it becomes pale gold when heated to 
281° for 15 mins., golden-yellow at 341°, and passes through a series of orange 
and pink colours changing to green. The coloration, said H. Schwarz, is due 
to the formation of a fibi of cuprous oxide which is remove4 by treatment with 
a cone. sob. of sodium chloride. H. Ikhnms found pre-treatment of the zinc- ' 
copper alloy with dil. sulphuric acid favours the production of the heat films. 
E. Jordis and W. Rosenhaupt found that at 220 "^ brass with 90 per cent. 
«)pper is more rapidly attacked by moist than by dry OSygOl, and there is a break 
in the curve wh’cn repre.sente the relation between the rate of attack, and the oom- 

r ition which led to the inference that a compound Cu^Zn is present in the alloy. 

Tammann and W, Roster studied the formation of fibns on brasses of different 
composition when warmed m air. F. Schulze-Berge found that brass acquires a 
negative charge when exposed to Oloiie» and coupled with brass in air ; with 
t nimoni a or hjdrogeQ the charge is positive. T. G. Baniiord and W. E. Ballard 
found that hydrogen is absorb^ m rebtively Urge quantities by 70 : 30 brass 
between 500° and 900°, and that m<»t of this gas is retained on cooling. G. Ouil- 
lemm and B. DelachamU observed the absomtion of hydrogen, tnrthSlW, OtllMII 
IBOnoiiiBb and carbon dkarida by brass. R. B. Warder reported that when brass is 
h^^ to redness iift stream of hydrogen for several hours, the rate of loss of weight 
dimbishes much more rapidly than corresponds with the whole quantity of sme 
present. A. Bobierre, and A. R. Hasbm made observations on the action of hydrogen 
on heated brass ; and A. Ledebur reported that when brass conteuiini^ sulphur is 
heated in a stream hydrogen, no hydrogen sulphide is formed, showing Giat the 
•Q^htur is probably oombiii^ with the zinc not with the copper or tin. 
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J. Pintech noted that braas ia more resiatant than copper towarda the exhaust 
gaaea of gaa enginea. U. Kreualer obaerved that brass is not attacked by dry 
chlorine but is attacked by the moist gas. M. Herschkowitsch found an aq. aoln. 
of bromine attacks brass. 

T. Ihmori estimated that 0'27Xl0~* grm. of water persq. cm. condenses on 
a clear surface of brass. A. Wagner found that in the absence of carbon dioxide 
water is without action on brass, or at the most the action is very feeble. J. H. Aber- 
son found that water dissolves much zinc from brass— zinc oxide is first formed, 
and this is dissolved by the absorbed carbon dioxide, and he added that biters for 
soft water should be constructed without brass, X. Rocqiies observed that water 
in the presence of oxygen, and of compounds of nitrogen or ammonium salts, attacks 
brass more strongly than copper. 

A. T. Lincoln and co-workers, F. Bauorwald, J. H. Reedy and B. Feuer, 
8. D. Whyte and C. H. Desch, H. W. Broundson, P. David8t)n, A. S. Cush- 
nmn, A. A. Bado and R. A. Trelles, R. B. Abrams, and P. E. Howe 
have studied th(' corrosion by salt solutions of copper-zinc alloys and of some 
complex brasses when used as anode in soln. of electrolyte's, as well as tlie chemical 
corrosion of those metals. The metals were annealed at in general, the 

com])osition of tho corrosion product with alloys with 50 per cent, of copper up- 
wards is the same as that of the t<*8t-piece, but with lower proportions of co])})er, 
the Corrosion product is virtually zinc. Otherwise expressed, tho o, a-f j3, and the 
j3-brasses yield (corrosion produets with the same' composition as the Itrass ; tho 

prt'sence of y-crystals causos a 
ujarked docroaw^ in tho amount 
of corrosion ; while tlio y-|-€ and 
€-f 1 ] brasses yield a corrosion pro- 
duct of zinc. Th(^ results with 
the tin-brasses W(‘ro virtually the 
same as with zinc-braHses. The 
results with a iV-soln. of sodium 
chloride are indicated in Fig. 07 ; 
the boundarie.s of the dilferent 
solid soln. are indicated by dotted 
lines ; the upjier eurvi' shows the 
variations in the amount of cor- 
rosion, and tlie lower curve repre- 
sents grams of copper in the 
corrosion product. The curve for 
the y-tiold is inU'rpolated. 

A. T. Lincoln, and U. C. Bartells found that the corrosion with synthetic sea- 
water is jiractieally the same as with aq. soln. of sodium chloride. W. A. Tilden 
found that brass may be boiled with a soln. of sodium chloride for any length of 
time, without alteration, provided air is entirely excluded, and the attack by sea- 
water on ship’s sheathing is generally worse near the water-line. M. Berthelot 
stated that with dil. solo, of alkali chlorides exposed to air, cuprous oxide and 
atacamite are formed, and zinc dissolved. The reports of the action of sea-water 
are not always concordant. A. Bobierre found that the zinc appeals to Ik* dissolved, 
and an oxidation product of copper formed. W. A. Tilden found that brass 
with 60 per cent, of copper is less attacked by sea-water and soln. of chlorides than 
is copper ; corrosion pits are produced with brass in contact with other metals. 
Other observations were made by 0. Silbcrrad, L. Belladen, R. Rnkener, H. 8. Raw- 
don, F. 0. Calvert and R. Johnson, M. Diegel, etc. According to the last-named, 
the destructive action of sea-water on copper alloys rich in zinc is traceable to the 
destruction of the alloy by the extraction of zinc. When two metals are in contact 
in sea-water a voltaic current is set up, the metal being especially attacked which 
stands highest in the electromotive series— in the case of copper alloys, therefore 
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those richest in zinc. As a rule, the greater thenlifference in the elw'trowotive order 
between the alloy and the metal in contact with it, tBe greater is the corrosion. 
According to P. de Wurstemberger, the mode in which brass is dezincified in contact 
with sea-water varies according to whether the brass contains only one phase, 
whether all a or all jS, or both. In the first case the metal becomes gradually more 
or less uniformly coated with spongy copj>er, in tht‘ second case the /3 constituent 
is attacked first, and the metal has the appearance of a network of channels 
surrounding the a-grains. The primary cause of dezincitication appears to bt‘ the 
deposition of a film of metallic copper on the surface of the metal from a salt or 
oxide of copper formed by the action of the salt water on the brass, and this gives 
rise to a concentration of copper ions sufficient to hinder polarization, the zinc then 
dissolves by electrolytic action. Selective corrosion is due to electrolytic action 
of stray or local currents, whereas dezinciflcation may be considered to 1 h‘ due to 
selective corrosion that is still going on or has aln‘ady stopped. The former 
phenomenon is characterized by the appearance of gelatinous deposits of an oxy- 
chloride of zinc along the anTystal boundaries, and the water in contact with the 
metal reacts alkaline, whereas the latter is accompanied by deposition of spongy 
copper. 0. Lasche discussed corrosion due to stray curn*nts and local corrosion. 
R. B. Abrams studied the deziucification of brass. 

W. A. Tilden found sodium chloride soln. attack brass faster than thos<‘ of IHAgnS'* 
Siam chloride. A. Wagner found that m the presence of air free from carbon 
dioxide, iirass with 65 per cent, of copper, is but little attacked by soln. of niugiiesium 
or potassium chlorid^ with ammoniam chloride there is strong corrosion ; with 
air containing carbon dioxide, the action of ammonium chloride is ivduced almut 
one-half, and that w'ith magnesium and potassium chloride soln. is augmented 
about 21 times, T. J. Baker uofi^d that brass dksolves ra}iidly, with the develop- 
luent of gas. in a mixed soln of ferric and ammonium chlorides ; and in one of 
cupric and ammonium chlorides. According U> H. P. IVarson, an alkaline soln. 
of sodium hypochlorite attacks copper-zinc alloys, slowly forming a dull gn^eii 
d<'|) 0 »it, but no trace of either metal passes into soln. 

Aciordimz to T, G. Bamford and W. K. Ballard, brass at ‘KK)*" absorbs sulphur 
dioxide» and the gas i.s eliminati'd from the metal between and lor>0‘' under 
reduced pres-s. A. Wagner found that an alloy with OPh j>er c<*nt. copper is not 
appreciably attacked by a soln. of potassium sulphate expos'd to air free from 
carbon dio.xide. A. T. Lincoln, 1). Klein, and P. K. Howe ob.s4*rved the anodic 
corrosioii of zmc-copper alloys by a A-soln. of SOdium sulphate. The amount of 
ciirrosioii is jiractically the same with all the alloys, N. A. Puscliin found alloys* 
with (J to 14 at. per cent, of copper are feebly attacked by A'-soln. of zinc SUlphaie 
at ordinar)’ t(nn]). J. Girard observed that lU per cent. soln. of SOdium thiosulphate 
attack brass a little, at A. T. Lincoln, D. Klein, and P. E. Howe measured 

the action of iV-soln. of SOdium persulphate in alkaline soln. The alloys with 
73'4 to y3'6 per cent, of copper were badly corroded on the test-pieces exposed to 
air ; the 22 6 per cent, copper alloy was coaU'd with a layer of copper owing to the 
removal of the zinc ; the 31 to lO'r) per cent, copper alloy was coated with a black 
deposit ; while the 60 3 to 76 3 per cent, coppi'r alloy remained practically un- 
changed. With aq. soln. of sodium persulphate, the brasses of high copper content 
were badly corroded, the alloys with 51*3 to 3*1 per cent, of fxipper were coated with 
a film of copper. A. Wagner found that in the presence of air, and the absence of 
carbon dioxide, a soln. of potassium uitratO exerts no action on brass with 65 }>er 
cent, of copper ; but if carbon dioxide be present there is a slight action. 
A. T. Lincoln, D.'^Klein, and P. E. Howe studied the action of a A-soin. of aodimn 
nitrate and of ammanium nitrate on an anode of zinc-ooppr alloys. The corrosion 
products contained vaiying projmrtions of zinc and cupric hydroxides. With sodium 
nitrate, there is a gradual increase in corrosion as the amount of copper decreases 
until the area is reached, while in the y-|-€ area the alloy is less corroded, and 
as the proportion of copper decreases, the amount of corrosion increases in a marked 
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dtgtw. Similsr results were obtuined with soln. of smmoiiiiiin nitrate. A Waener 
found that a soln of fodfcim Cttbonato does not attack brass when exposed to air 
Ifee from carbon dioxide ; and the attack by a soln. of pn taarinm in the 

nreeence of air with carbon dioxide is feeble. A. T. Lincoln, D. Klein, and P. B Howe 
found that the anodic corrosion of copper-zinc alloys by iV-soln. of sodium carbonate 
Is feeble^white ^herent coatihgs were formed on aUoys with 31 to 10*5 per cent 
of copper ; the alloys with 47 ' 6 - 5 r 3 per cent, of copper were covered with a green 
and those with more copper were slightly discoloured. They also studied the 
Mc^ic corrosion of zinc-copper alloys in iV-soln. of ammonhim oxalate ; those alloys 
w th lew than 47 C per cent, of copijer developd insulating films ; with the other ' 
alloys, the aniount of corrosion increased with decreasing content of copper, making 
a maxmiurn in brasses with a-fjS-crystals, and then decreasing rapidly with the 
appearance of the y-crystals. In the anodic corrosion in iV-soln 7 of i^nm aoetato. 
the amount of corriwion increases rapidly with decreasing copper content, attaiiM 
a niMinmm jn the a+^-region. and dimmwhes with the appearance of the y-crvstals, 
wiiK solvent action of a soln. of potassiam cyani^ mixed 

•odLn potassium cyanide, 

•odium hydrocarbonak, an<l ammonium chloride. ^ 

^ ^‘th over b() per cent, of copper exhibit 

“"“y" •<■'« ‘1*“ 50 Z cent, of 

mnT’’ Z have eoarcely any action on c^per alone, 

^ tola the more rapidKr, the Rre.ter the proportion of ainc. If the quantity of 

th^aim* l' I /*«'"’ *“">■’ “ repreoipitated Ltil 

with •» J. J. Bcraeliua noted that braaa'becomea red when rubbed 

otctt m"“ <*i<«olvca in preference to the copjKir. 

0, Sackur, 1 . Maua, and A. Sicmcna found that there arc breaka in the acid aolubilitv 

« ™rl: cm‘o' ‘".1 "‘"‘i > aC«“th toa^ 

ovc^eaTr 'cenf not yield copper to jVA' mlpiluric acid, but thoae with 

found^tlrnt to , A. '"V'”'' ^ ‘he dil. acid. H. Behrena 

c^t llbf F (“ n“ it "T' "■'^’' 5 ' “"<* ““ «<>hi. than the 

anil/ to S Lalvert and R. Johnson found that sulphuric acid, at J5()° dis- 

rt^lved from a loya with an oxccaa of copper ; H280,,2H,0, at l&O", aeta feebly 
cTh '“^■-l-o-ding with OuZn ; 1 MatS 

a“Lct^Il 0 liffi ■ have alao made obaervationa on thia 

• foraaWehvl^' F H /“ W of aulphuric acid ia leaaened by 

Mid of au^^' i ti 77“ hy aulphuric 

P' 8*^* 1 ';> 3 - K C. Calvert and R. Johnson found nitric add. sp gr 1*14 

^IractlKrur HW th® two niS from CuZn,’ 

*?! ®* ®P-,F- 1 approximati-ly 5 atomic proportiona of zinc for one of 

m 5 madilv on'Ar"^ *' 7'''“ ““ *>''>/» «ith an excew of 

tkim dfw^, f h , 7''-''“ ”*/'"*• ‘“"O'* ‘hat formaldehyde 

ilowa down the attack with nitric acid. B. C. Bancrii and N. R Dhar found the 

E“Mid oXa^ whf r ‘he actil of 

ni. ^ prestmee of manganese sulphate, potassium chlorate 

Frmanganate retards the action. F. C. Calvert and R. Johnson 
found that cone, hydrochlono add dissolves zinc completely from the alloy with 
equi-atomic proportions of the two metals; an acid of sp. gr^ iTd^ not ^00 
^18 aUoy or on aUoya richer in wpper, but it removes the zinc from aUoys with a 

rle l^^ter the proportion 

W A « aoettc add and lactib add dissolve copper from 

braw, A. ^ per cent, acetic acid readily attacks bm; and 

B. J. Paessler, that httyaddi attack brass. 

i' if rubbed with aq. ariiimwi^ 

disrolution of the copper and not the zinc. J. Y. McLelfan^^Sd 
that if a piece of brass or brass turnings be covered with aq. ammonia, sp. gr. 0 * 880 , . 
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Mid confined in a etc^peied bottle, a i^iet soln. wtU be produced in a iew daya 
owing to the dinolation of copper from the bran. H. Behrens found the attack 
of aq. amm onia is greatest on alloys with a moderate proportion of copper, 
W. Venator found a soln. of aodinm hydlOl^ attacks brass slightly dissolving 
only the sine ; while G. Cha^y found that a sob. of potiaiiiim hjdxoadite rapidly 
attMks copper^zmc alloys rich m zme, and dissolves only the sine, while iuloys 
with about 25 per cent, of copper are attacked more slowly, because, he said, of 
the presence ox ^Ou. H. sirens found that if the alkali lye contabs some 
cupnc tartrate, it attacks these alloys more strongly than does aq. ammonia. 
A. Wagner found a sob. of oalcfom hydraddn behaves like sodium hydrozido 
towards brass. J. J. Redwpod found that the percentage loss when brass is 
treated with xninenl ofl is 0 2455; with tallow oil, 0 04920 ; with laid oU, 
0‘08860 ; with gperm oil 0 02743 ; with whale oU, 0 02547 ; and with leal Ofl* 
0'00951. A bright green coloration was produced with olive Oil. A. Gawlowsky 
found that rape se& oO attacks brass strongly, raw petrolenm very little, and 
wort not at all. 

C. J. B. Karsten showed that allo 3 's of sine with over 50 pr cent, of eoiiper do 
not precipitate copjMjr from sob. of its salts, but if less than this pro|)ortion of copper 
is present, the alloy deconiposea the cupric salt at the expense of the contained 
sine. 0. Sackur, P. Maus, and A. Siemens found that alloys with 0 to 41 per cent, of 
copper precipitate* copper from sob. of its salts ; alloys with 45 to 60 per cent, of 
copper do not precipitate that element from sob. of cupric cyanide or thiocyanate ; 
and alloys with over 62 per cent, of cop|)cr do not precipitate copper from 
ammoniacal sob. of the halides. The curve showing the activity of the copper-sinc 
alloys b this connection has breaks with 41-45 and 6(M)2 per cent, of copper. 

M. Herschkowitsch and H. Behrens, and G. Tamiuann have made observationi on 
this subject. 

A. F. Gehlen noted that silver and zinc readily unit<*. wh<*n fused in the 
respective proiwrtions 1 : 2, formbg a fine-grained malleable alloy with a tinge less 
blue than that of zinc. C. R. A. Wright showed that the two metals are miscible 
in all proportions when in the fluid staU*. N. W. Fischer also observed that an 
alloy of the two elements is obtained when a sob. of silver nitrate is pn^ciuitated 
with zinc, F. Mylius and 0. Fromm made a similar observation. According to 

N. A. Puschin and M. Maksimenko, silver dissolves in small quantities in solid 

zbc, and silver dissolves up to 30 at. jier writ, of zinc. The f.p. curve has been 
studied by H. Gautier, 6. J. Petrenko, G. T. Heycock and F. H. Neville, 
H. C. H. Carpenter. According to G. J. Petrenko, there is a maximum at 710®* 
c>orre8j)ondmg with nlvor Ag^Zn^ ; the compund AgZn appears to be 

formed at 690® ; Ag^Zn^, at 670® ; and AgjZn^, at 636® ; but then* are dif!eronw*s 
of opbion as to the compounds which are formed ; N. A. Puschin and M. Maksi- 
menko give AgZn, AgjZnj, AgZn 4 , and AgZn^. G. J. Petrenko assumed that 
when the mixed crystals of ZnAg and Ag 3 Zn 2 are slowly cooled, they break up 
bto mixed crystals with 21 '7 per cent, of zinc, and jS-ZnAg ; the latter at 266® 
develops beat and forms crystals of a-ZnAg. H. C. H. (Carpenter and W. Whiteley’a 
analysis of the system is shown in Fig. 68, and it shows that with 0 to 60 at. per cent., 
the diagram closely resembles that of the copper-zinc system for the same cone. 
There are six phases ; (i) a-phase is stable at ordinary temp., and ranges betw^n 
100 and 62*7 at. per cent, of silver ; (ii) /3-phaiie exists only alwve 264®, for on cooling 
there is a eutectoidal bverebn to a-j-y ; (iii) y-phase between 40 and 37*3 at. 
per cent, of silver, and is stable at ordinary temp, — with 40 at. per cent., this is 
silver zbcide J ^-phase, with between 29 and 14’3 at. per cent, of silver, 

is stable at ordinary temp. ; (v) c-phase exists only above 300® approximately ; and 
(vi) lyphase, with between 0 and 1 at. per cent, of silver, is stable at ordinary temp. 
Tb^ is some mdecishre evidence of the existence of a compound AgfZns. 
K. Boinemann found the compound can exist at ordinary temp., and 

R. Kremann and F. Hofmeier say that it is the colour of nickel. 
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According to N. A. Puachin, the colour of alloys with from 0 to 30 at. per cent, 
of silver is indistinguishable from that of zinc, and they have a well-defined crystal- 
line structure and coarse-grained fracture ; alloys with 39 at. per cent, of silver 
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are white with a conchoidal fractun* ; alloys with 50 at. por cent, of silver are rose- 
coloured ; and those with (13 |)cr cent, of silviT are pale yellow. C. T. Heyeoclc 
and F. H. Neville, (0 J. Petrenko, ix, Charpy, H. C. H. Car))enter, and others have 
studied the minute struidure of the alloys. E. Maey found a break in the sp. gr. 
curve for 80 at. per cent, of zinc. G. J. Petrenko found a maximum in the hard- 
ness curve between 47 '(>1 and (K) per cent, of zinc ; and N. A. Puschin obtained a 
ma.vinium hardness with 33 and a second maximum with 50 at. ])er cent, of silver. 
C. T. Ileycock and F. H. Neville, and K. M. Peligot studied the tensile strength of 
these alloys ; and E. C. Bain, the X-radiograms ; (\ Barns and V. Strouhal 
measured the electrical conductivity; N. A. Puschin, the electrical resistance, 
the electrical conductivity, the temp. coetT. of the resistance, and the thermal 
e.m.f. M. Ifersi'hkowitseh found a break in the poOuiti/il curve of alloys against 
zinc in A-ZnSO^ soln, with alloys cont^iining 80 at. per cent, of zinc corresponding 
with AgZn 2 . U. Kremann and F. llofmeier measured the e.m.f. of the cell 
Zn I iV-ZnSO^ | Ag--Zn alloy. E. M. Peligot .studied the action of hydrogen 
sulphide and alkali sulphides on these alloys ; aiidG. Montemartini and E. Oolonna, 
• the formation of ammonia when these alloys are dissolved in nitric acid. (J. H. Groves 
and T. Turner observed that zinc is volatilized when these alloys are heated in vacuo 
below 10(K)“, and some silver also if over 1000°. D. Palitsch said that an alloy 
with 7 to 10 ])er cent, of silver dissolves in hydrochloric acid, forming a residue of 
allotroiuc silver. E. Sedstrom measured the Peltier effect with zinc-silver alloys. 
G. Tammann studied tho difference in the potentials of alloys prepared by 
electrodeiiosition and by fusion. 

Alloys of gold and zinc, wvre early prepan’d by A. F. Gehlen,^ J. Hellot, and 
C. Hatchett. The f.p. curve has been .studied by 0. T. Heycock and F. H. Neville, 
N. A. Puschin, C. H, Desch, and R. Vogel. The results are shown in Fig. 69. 
R. Vogel interprets the diagram by ansuming that the gold zincide, AiiZn, is repre- 
sented by a maximum on the f.p. curve at 744°, and Au 3 Zn 5 appears to bo formed 
at 651°, and AuZng at 490°. There is a eutectic at 648°. The colour of the gold 
zinc alloys changes from a pale yellow to a fine reddish-lilac tint as the proportion 
of zinc changes from 14 to 25 per cent. ; with further addition^txf zinc, the colour 
gradually fades, and alloys with 25 to 30 per cent, of zinc consist of a white matrix 
with lilac-coloured polygonal crystals of AuZn. E. Matthey studied the homo- 
geneity of the alloys. The microstructun^ was investigated by R. Vogel, and 
W. C. Roberts- Austen and F. Osmond ; the sp. gr., by C. Hatchett ; the hardness, 
by R. Vogel ; the tcuisile strength, by W. C. Roberts-Austen ; and the e.m.f. of 
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the cell Zn | IN-ZoSO^ | Au— Zn alloy, by N, A. Puechin, who inferred the existence 
of the compounds AuZn^, AuZu^, and AuZn. C. R. Groves and T. Turner found 
that if the alloys with a low projwrtion of gold be heated 30-90 mins, in va<.'uo at 
blX)**, the composition of the residue corrt'sponds approximately with AuZn ; if 
sine cuttings be heated with sodium hydroxide in a gold crucible to 420^ the 
crucible is spoilt. E. Sedstrom measured the Peltier effect with gold-iinc alloys. 
G. Tammann studied the chemical activity of the alloy. 

F. Stromeyer prepared an alloy of cadmium and copper by melting the two 
elements together ; C. R. A. Wright foimd that when melted, the two elements are 
miscible in all proportions ; and P. Denso found that coppr dissolves immediately 
in melted cadmium. F. M. Jtaoult found an alloy is ]>rodured when copper foil in 
contact w'ith a piec^ of cadmium wire is dipped in a cone. soln. of cadmium sulphate. 
J. B. Senderens obtained an alloy by placing soln. of cupric sulphate, chlorule, or 
acetate in a cadmium vessel. The f.p. curve of the two elements has been studied 
by R. Sahraen, C. T. Heycock and F. H. Neville, G. D. Roos, and H. le (''hatelier. 
The results of the first-named are illustrated by Fig. 70. There are two eutectics 
(orrespondiiig respectively with 59 5 per cent, of cadmium at 542'", and with 
98‘84 pi‘r cent, of cadmium at 314'. The maximum corn*8jK)nds with CUprio 
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Cadmide, CuoCd^, melting at DG4‘', and with a heat of formation, according to 
W. 1). lloos, of 47 '7 t o ^ Cals, jier mol, and a heat of fusion of 26’05 Cals, per mol. 
There is an abrupt change in the direction of the curve betweim 352" and 542“, 
with mixtures with between 56‘5 and 59'5 per cent, of cadmium, and the solid 
alloys contain needle-like crystals of the cupride Cu20d. F. Mylius and 0. Fromm 
remarked on the greater sp. gr. of the compound Cu^Cd tlian that of the separati? 
constituents, and added that hydrogen is evolved by cone, hydrochloric acid, 
the copper is dissolved, forming cuprous chloride. P. Denso described the 
cupride CuCd 3 formed by crystallization from alloys with 1 to 10 j>er (rnt. of (u/jiper. 
The m.p, is above the. vaporization temp, of coilmium. The faculty of copper to 
form solid soln. with cadmium, said N. A. Puschin, is feebler than with zinc. 
Acconling to N. A. Puschin, alloys with less than 00 at. per cent, of copper are 
whitish, those with 68 jier cent, are pale yellow, thowj with 75 per cent, are yellow, 
80 per cent, rose, and 9<) per cent. copper-rt*d. R. Sahmen descrilied the fracture ; 
P. Denso, and R. Sahmen, the minute structure; 0. Tammann and K. Dahl, tho 
gliding planes at diff. temp. : W. Biltz and C. Haase, and E Maey, the sp. gr., that 
of CujCdj being 9‘35 at 2574^ ; W. Biltz and C. Haase*, the heat of formation, 
inz., — r3 Cals. ; N. A. Puschin, the hardness ; and L. Guillet, 0. Chaudoir, and 

F. Stromeyer, the tensile strength. W. C. Smith studied the mechanical and 
electrical properties of these alloys. E. Ikiniemann and K. Wagenmann found 
the electrical conductivity curve of the liquid alloys has a minimum corresponding 
with Cu 2 Cds, mak^ it possible that this cupride exists in the molten metah 

G. Tammann studied the difference in the {mtentiais of cadmium-copper ailoyf 
prepared by electrodeposition, and by fusion. 

B. Wood *• prepared a malleable, hard, and tough alloy of silver and cadmium 
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in tiie pfoportioitf 2 : 1, »nd foiind that the alloy 1 : 2 wai brittle. J. B. Sendeieitf 
made an alloy corresponding with AgCdj, and F. Mylius and 0. Fromm observed 
that an alloy of the two metals is formed by the action of cadmium on a aoln. 
of silver nitrate. (’. R. A. Wright found that the molten metals arc mutually 
ioluble in all proportions. According to C. T. Heycock and F. H. Neville, the 
m.p. of cadmium is raised, not lowered, by the addition of silver. T. K. Rose 
explained the complex f.p. diagram by assuming that the following od mh l in 
ilgVitidMh AgCdg, Ag 2 Cd 3 , AgOd, AgjCdj, AgjCd. and AgjCd, are formed, and 
0. Bruni and £. Quercigh assumed the existence of AgOd and AgOd^. T. K. Bose 
commented on the analogy between Ag^Ods AgjZns, and between AgCd and AgZn. 
It is also stated that the two latter undergo allotropuj changes below their m.p. 
E. Maey got a break in the sp. gr. curve corresponding with AgCds- The f.p. curve 
has been studied by H. Gautier, T. K. Rose, G. Bruni and E. Quercigh, and 

O. J. Petrenko and E.’S. Federoff. A summary of the rt* 8 ults is indicated in 

Fig. 71. H. G. H. Carpenter emphasized the close relationships between the copper- 
zinc, silver-zinc, and such portions of the silver-cadmium equilibrium diagram as 
are known ; and ho suggests that in eac^h system it is the compound X 2 Y 3 — where 
X represents Cu or Ag, and Y, Zn or Cd — which determines the character of the 
o- and betw<^en 0 and 60 at. per cent, of zinc or cadmium. Otherwise, 

there is no eutectic in the silver-cadmium diagram, and solid soln. are formed 
throughout the series. K. Kremann and H. Ruderer measured the e.m.f., and 
E. Sedstrdin, the Peltier effect of silver-cadmium alloys. G. Tammann studied the 
potential of alloys prepared by electrodeposition and by fusion ; and N. S. Kurna- 
Icoff and A. N. Achnasaroff, the effect of the velocity of cooling on the hardness 
and microstructurc. E. Schreiner and co-workers measured the e.m.f. of silver- 
cadmium alloys. E. C. Bain studied the X-radiograms. 

C. T. Heycock and F. H. Neville 27 made alloys of gold and cadmium, and 
studied their fusion ])oint 8 . F. Mylius and 0. Fromm made alloys of these two 
metals by the action of cadmium on a soln. of auric chloride. According to P. Saldau, 
solid gold can dissolve up to 30 at. per cent, of cadmium, but solid cadmium only 
up to 2 at. per cent, of gold. R. Vogel, and P. Saldau have constructed equilibrium 
diagrams, hig. 72. There is evidence of the formation of cadmium auride, AuiC'ds, 
at 627)° ; and of AulMj at 495°, with a eutectic at 303° and 87 per cent. ; 
and of AiiCdg at 495°, with a eutectic at 303° and 87 per cent, of cadmium. A 
maximum in the curve corresimnds with the compound AuCd. The two com- 
pounds AuCd and AuCdg are represented by cusps in the electrical conductivity 
'curves. The hanlnoss has been measur'd by P. Saldau, and by R. Vogel ; 
theni are maxima with 18 to ,‘)0 per cent, and 51 to 63 per cent, of cadmium. 

P. Saldai measun'd the e.m.f. of the cell Cd [ iV-Cd 804 | Cd™ An alloy. He 
also found that the compound Au 4 Cds marks the limit of solid soln. in un- 
annealed sjK'cimens and is not a real compound. W. C. Iiob<*rte- Austen measured 
the tensile strength of the alloys, and W. C. Roberts- Austen and F. Osmond, and 
R. Vogel studied the minute structuit*. Gold or silver alloyed with either cadmium 
or zinc can be parted with nitric or sulphuric acid. E. Sedstrom measured the 
Peltier effect with gold-^dmium alloys. G. Tammann studied the chemical 
activity of the alloy. 

Alloys of copper and calcium have been prepared by L. Hackspill ** by reducing 
cupric chloride with calcium at a red heat in vacuo ; and he stated that the two 
metals are mutually soluble in all proportions. The alloys are orange-yellow, 
brittle, and have a crystalline fracture ; they oxidize readily in air, and decompose 
water. L. Donsky found that one per cent, of calcium depftesea the m.p. of 
copper 8 °, and 5 per cent, lowers it 74°. N. Baar found what seems to be a eutectic 
at about 910° ; with 5‘7 per cent, of calcium, and one at 560° with 38 per cent, of 
calcium. There is also evidence of the formation of one etloilim O^Ca, 

as shown by the f.p. curve, Fig. 73. A thermal change unaccompanied by a change 
of structure occurs at 480° in all alloys containing CaCu 4 ; these idloya are all white, 
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and imstoble in air. Alloys witii over one per cent, of calcium decompose cold 
water with the evolution of hydroj^. L. l^kspill prepared homogeneous alloys 
of silver and calcium by reducing silver chloride with calcium at a dull red heat in 
vacuo. The alloys are grey, and brittle, and have a crystalline fracture ; they 
oxidiio readily in air, and are decomposed by cold water. Q. Tammann studied 
the chemical activity of the alloy. C. Vickers tried the effect of calcium, barium, 
and strontium as deoxidirers, etc., on copper. 

N. Baar studied the f.p. curve of calcium and silver, and found evidence of 
the formation of the ctlciiilii ftlgsiltidsi : AgiOa, AgsC'a, Agof'a, and AgCaj-'the 
latter is more or less doubtful. The f.p. curves shown in Fig. 74, are somewhat 
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complex. The compounds AgjCa, and AgCa being marked by maxima m the f.p. 
curve at 726° and 665° respectively, whilst the compounds Ag 40 a, AggCa, and 
iKwsibly AgCa^, arc formed at 683°, 695°, and 555° respectively. Solid soln. con- 
taining AgOa and AgCaz undergo a transformation at a lower temp. All the alloys 
containing more than 11 per cent. Oa decompose water. 0. Tammann studied 

the chemical activity of the alloys. . „ i r 

L. Donsky found the f.p. curve of calcium and magnesium alloys to bo of the 
simple W-type, Fig. 75. One compound, oaidimi maglW H h te, OajMg 4 , is formed 
with a maximum at 715°, and eutectics at 514° and 446° with respectively 18 ^ 
and 78'7 per cent, of calcium. Solid soln. arc not formed to any ap^cmble 
extent. Ae magneside Ca 9 Mg 4 is brittle, and silvery in appearance ; W. Buts 
and G. Hohorst gave 1-701 for the sp. gr. at 25°/4° ; and 127-9 for the mol. vol 
L. Donald found that it is stable in air, and but slowly acted on by w^r. The 
alloys of anc and calcium were studied by H. Caron, Q. vom Rath, T. H. Norton 
and E. Twitchell, H. Moissan, and h. Donsk>^ F. von Kiiwlgen and K. 0. Sew^ 
prepared them by the electrolysis of molten calcium chloride with a me cathode. 
W. Moldenhauer and J. Andeieen made alloys of me and calcium by the 
electrolysis of a molten mixture of calcium chloride with 15 per cent, of potassi^ 
chloride in an iron crucible coutainiim some molten sine which served as cathMe ; 
a graphite rod was used as anode. L. Donsky found that the f.p. curve of alloya 
of me and calcium has two maxima, Fig. 76, at 717° wd 5*7 pej cent, ^tennu 
and 688° and 28 per cent, of calcium, corresponding with the CtlOtm BHOMI* 
CaZnio and Ca.^ respectively, a break at 680° and 12-8 per cent. ^Icium, corn^ 
spending with the compound CaZn«, which possibly melto without decompon^itil 
and two eutectic points at 636° and 17 per cent, and 410° and .57 per cent, of caicnu^; 
respectively. Between 29 per cent, and 68 per cent, of cdcium, the compound; 
CbtZn. rencts with the fused mass at 431° to form a fourth compo^, cop> 
position of which oonld not be accurately determined, but may be GaZn, At 385 
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between 52 per cent, and 84 per cent, of calcium, a fifth compound, CaiZn, it 
produced by reaction of the compound of unknown composition with calcium. 
Alloys containing up to 6 per cent, of calcium are rather harder than zinc, and are 
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fairly stable in air and towards water, but with increasing proportion of calcium 
they darken in the air and act more vigorously on wat(*r. The brittleness increases 
up to IK) per cent, of calcium, and then diminishes. 0. D. Roos gave 7G‘9r) Cals, 
per gram for the heat of fusion of CaZuio ; and 83*5 Cals, for CaZn 4 ; he al.so gave 
190 Cals, per mol for the heat of formation of CaZnip, and 55*6 Cals, for CaZn 4 . 
W. Jenge, and G. Tammann studied the chemical activity of the alloy. H. Gautier 
made an alloy of strontium and zinc by the acti<m of sodium on a fused mixture of 
zinc and strontium chlorides in an iron crucible at a red heat ; or better, by heating 
a mixture of zinc, sodium, and strontium iodide. When heat<'d zinc and strontium 


volatilize together. 

L. Donsky also found that the f.p. curve of cadmium and calcium alloys, Fig. 77, 
does not show normal maxima, but there an' two eutectic points at 319"' and 1 per 

cent, of calcium (components calcium and 
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CaCdo) and 415*' and 71 per cent, calcium 
(components CaCdj and mixed crystals 
rich in calcium). With hi'twecn 12 per 
cent, and 64 ])er cent, of calcium, the alloys 
form two layers which react at 685® with 
formation of the oaldum cadmide, CaCd : 
the latter has a transition point at 635®. 
At 615®, the eompound CaCd reacts with 
the fused mass rich in cadmium to form 
a second compound, CaCd 3 . A further 
break in the cooling curve at 510® ap- 
pears to indicate a reaction between CaCd 
and the fused mass to form a third com- 
{)ound, the formula of w'hich may be 
CagCdg. Alloys containing up to 10 per 
cent, of calcium are staTfle m the air, and 
scarcely act on water ; beyond that point, 
the action on water increases with increase 


in the proportion of calcium. The brittleness increases rapidly between 10 per 
cent, and 40 per cent, of calcium, and beyond that point diminishes. W. Jenge, 
and 0. Tammann studied the chemical activity of the alloy. H. Gautier made an 
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alloy of strontium and cadmium in a similar way to that employed for the strontium- 
line alloy. It was found to oxidise reaMily in air ; to decompose water rapidly ; 
to bum in oxygen or sulphur ; and to form strontium hydride when heated in 
hydrogen, and strontium nitride when heated in nitrogen. It is attacked by 
chlorine, bromine, iodine, sulphur, and phosphorus. H. Gautier also made an alloy 
of barium and cadmium in a similar way. Its properties are similar to those of 
the strontium-cadmium alloy. 

J. Parkinson prepared an alloy of zinc and inagne.sium by melting the two 
elements together. Magnesium was found by C. T. Ileycock and F. 11. Neville 
to dissolve readily in molten zinc without any pt‘rceptible evolution of heat. 
0. Boudouard found that if an alloy with 20 per c<mt. magnesium trt‘ated iu the 
cold for some days withO 003iV-hydrochloric acid, pulverulent mftgnesium diKinoide« 
MgZno, remains ; while an alloy with 30 per cent, of magne.sium when treated with 
0 005//-amraonium chloride gives pulverulent ZnMg^ -rapidly when heated, 
slowdv in the cold. C. A. Kraus measured the electrical conductivity of magnesiufn 
dizincide. G. Grube denied the existence of ZnMgi as a ch(*mu'al individual. 
R. de Montgelas obtained an alloy of zinc and magnesium by the electrolyses of a 
cone. Boln. of zinc and magnesium chlorides in the proportions 1:2; A. Siemens 
also inv(‘8tigated this subject. T. L. Phipson, and A. Roussin found that an acid 
soln of a zinc salt gives a precipitate of zinc when trt'ated with magnesium ; and 
from a soln. of a neutral zinc salt, A. Commaillc obtained a mixture of zinc, zinc 
hydroxide, and a basic zinc salt. H. N. Warren obtained a magnesium-zinc alloy 
by the action of zinc-sodium alloy on molten smlium inagnesiunj chloride, or by the 
electrolysis of the same with a zinc electrode. G. Masing made an alloy of these 
eiementa by compressing a mixture of filings under JKKK^-ritKK) atm. pn^ss. The 
f }). diagram. Fig. 78, has be<*n investigated 
by (I (irube, G. Masing, 0. Boudouard, 
and (’. T. Heycock and F. H. Neville 
The curve is the simple W-ty|)e, and 
0. Boudouard placed the maximum corn*- 
spondmg with Zn 2 Mgat .''>70'\and (J. Grube 
at 595". A. J. Berry found that magne- 
sium dizincide can bo prepared by distil- 
ling the more volatile metal from a 
mixture of the two metals. The com- 
])ound itself can be distilled in exhaust^Ml 
glass tubes at temp, lower than the softtm- 
ing point of glass. The lowering of the 
f.p. of zinc by magnesium was found by 
C. T. Heycock and F. H. Neville to be greater than with any other metal. The alloys 
arc all white and more or less difficult to jiolisb. The minuU* structure has l)een 
studied by 0. Boudouard, and 6. Grul)e. Alloys with 10 jx^r cent, of zinc wert^ said 
by 0. Boudouard to be rea<lily sawn or filed, and by G. Grube, to b<* malleable when 
hammered. As the proportion of zinc increawjs, the alloys become more brittle. 

G. Grube found most of the alloys to b<* brittle. The comjiound Zn 2 Mg is not 
affected by w'ater. J. Parkinson found that the alloys slowly lose their lustre in air. 
0. Boudouard etched the alloy w'ith potassium hydroxide ; C. Montemartini and 
E. Oolonna studied the formation of ammonia when the alloy dissolves in nitric acid. 

H. Fleck obtained zinc and magnesium iodides and a little magnesium ethyl by 
treating the alloy with ethyl iodide. N. J. Stepanoff estimated 10782 Cals, for the 
heat of formation a mol of Zn^Mg, and G. D. Roos estimated 25 Cals, per mol ; 
for the heat of fusion, the last-named gave 65'8 Cals, per mol. H. von Wartenberg 
computed the heat of formation of MgZn^ to be 1314 ± 18^1 cals. ; and for the re- 
action MggM-f-2ZngM"MgZnt(M-|-59 Cals. G. D. Roos gave 24*5 c^ls. ; and W. Biltz 
and G. Hohorst, 12-6 cals., 5126 for the sp. gr. at 2574'', and 30 24 for the mol vol. 
H. von Wartenberg found that the compound MgZn 2 distils unchanged at 6007 
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but it ii completely dinociated at 1300®, If be the vap. pieM. of the magn e itaaif 
f% that of the zinc ; and p that of the compound Mg&t, PiPt^^^Pi* ^ 
■■130001^1^3*5 log T-f2 (to 4). W. Jengc studied the electrical and chemidU 
properties of the alloys of magnesium and zinc. According to B. Weinwurm, the 
alloy eledron contains 80 per cent, of ma^esium and 20 per cent, of other metab— 
mostly zinc. It easily oxidizes in air ; is dissolved by acid and salt soln. and tap 
water ; it is not attacked by soln. of caustic alkalies ; soln. of cellulose esters 
dissolve it ; it can be cast, forged, rolled, or drawn, and it machines easily ; it is a 
good conductor of electricity. 

J. Parkinson prepared an alloy of cadmium and magnesium by melting the two 
metals together at a dull red heat in a hard glass iube in an atm. of hydrogen.. 
G. Qrube, R. Ruer, and 0. Boudouard studied the f.p. curve. The latter* obtained 
three maxima corresponding with the magneiinm cadmidiMh CdMg (500®), GdHg 
(565®), and CdMggo (650®), and he claimed to have prejpared the first two W the 
ifiethod employed for the corresponding compounds of zinc, Fig. 79. G. Grube 

reported that the f.p. curve of the system 
magnesium-cadmium falls continuously 
from the m.p. of magnesium to that of 
cadmium, but shows a slight break at 
8219 i)er cent, by weight of the latter 
metal, corresponding with the compo- 
sition of the compound CdMg ; this 
substance forms a complete series of 
mixed crystals with both its compo- 
nents. V^en the cooling is r^pid, the 
crystals separating between 20 and 95 
per cent, of cadmium are not homo- 
geneous, owing to equilibrium between 
the melted alloy and the crystals not 
being established with sufficient rapidity. There is no evidence of the existence 
of the conij)ound8 CdMg 4 and (’dMgs^ mentioned by 0. Boudouard. The compound 
CdMg is greyish-white and slightly harder than cadmium ; it becomes oxidized 
in moist air and is readily acted on by water. G, D. Roos gave 17'7 Cals, per 
nlol for the heat of fonnation of MgOd, and he estimated that it undergoes 
association to the extent of 16 per cent. ; W. Biltz and G. Hohorst gave 9 2 cals. ; 
and 5*383 for the sp. gr. at 2r)®/4®, and 25*4 for the mol. vol. L. Guillet measured 
* the hardness of these alloys. W. Jengo studied the electrical and chemical 
properties of magnesium-cadmium alloys; and L. Aiteheson the mechanical 
pronertios. 

Alloys of cailmium and sine were prepared by B. Wood ; and C. T. Heycock 
and F. H. Neville, and C. R. A. Wright found the two metals mix in all proportions, 
and G. Hindrichs found that although the molten metals are completely miscible, 
no compound and no mixed crystals are formed, but the two metals on solidification 
crystalluw separately. E. Maey, H. Gautier, C. T. Heytock and F. H. Neville, 
N. A. Puschin, and 5. B. Curry failed to obtain any sign of chemical combination. 
The f.p. curve of zinc and cadmium alloys is of the simple V-t™. It was investi- 
nted by G. Hindrichs, H. Gautier, C. T. Heycock and F. H. Neville, and D. V. Plum- 
bridge. The m.p. of zinc falls from 419® to the eutectic 270® when 82*6 per cent, 
of cadmium is present ; it then rises to 322®, the m.p. of cadmium. The minute 
structure tras examined by most of these investigators. S. Lussana measured the 
compressibility of zinc-cadmium allo 3 ni. G. Masing found thA the structure of 
the alloy obtained by compressing a mixture of finely divided zinc and cadmium 
between KXX) to 4000 atm. is quite different from that obtained by fusing the metals 
together. The sp. gr. was investigated by Q. Vicentini and D. Omodei, E. Maey, 
and B. E. Curry ; tiie hardness, by A. V. Saposhnikoff and M. Saebaroff, and 
N. 8. Kurnakoff and A. N. Aohnasaroff ; the mechanical properties, by W. Voigt 
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MiUer, md 0. Meyer ; the ooeff. of thermal expaoBioiif by Q. Vioeutioi ami 
n 2®^** ’ electrical conductivity, by A. Matthieasen, B. Rudolfi, W. Guertler, 

U. Tammann and K. Dahl, and 0. Viccntini and C. Cattaneo ; the potential in eolii. 
of ^um chloride, by A. P. Laurie ; the e.m.f . of the ceU Zn | ZnSO, ( Zu-€d alloy, 
^ I MgS 04 I Mg — Cd alloy, by R. Ktemann and J. G. Pammer; 
and ^ thermot'.ni.f. against lead, by A. Battelli. C! Montemartini and E. Colonna 
studied the formation of. ammonia during the dissolution of alloys of rinc and 
cadmium in dil. nitric acid, E, JiLnecke studied the t<‘rnary system, Mg- -Zn~ -Cd. 
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CHAPTER XXXI 


MKBCVRY 

§ 1. nM Hiftorr and Oocoiraioe ot Hftroory 

Mkbcury is not mentioned bv Moses in the Pentateuch, nor bv the earlier Grei'k 
writers, and H. Kopp,^ therefore, inferred that the disi’overy of this element came 
later than that of gold, silver, copper, tin, lead, or iron, M. Bt*rtholot l>elieved 
that tin-amalgam and copper-amalgam were known to the ancient Kgy])tianit 
under the name asetn. According to 8. Seligmann, the dis(*overy by H. Schliemann 
of a small vessel full of mercury in a grave at Kuma, and estimated to b<‘long 
to the sixteenth or fifteenth century B.c\, shows that this element must have 
been known a very long time. A. Weiskopf was of the opinion that this 
element was probably known to the Phconicians and Carthagenians 700 ».c. 

In his Mfteorology, Aristotle, 320 n.o., mentioned mercury Hlpyipoe liquid 
silver -and stated that it must r>ontain much water and air becaiw^ it resists 
solidification by cold ; and in his De anima, Aristotle also referred to its use by the 
priests. A few years afterwards, Theophrastus, 300 in his MButv, statcnl 
that oftyvfMv xerw is obtained by rubbing native cinnabar with vinegar in a copnor 
mortar with a copj)er pestle. Discoveries of stone hammers, arrow-heads, wooden 
plates, and coins, made around Monte Amiata, Italy, show that these mines were 
worked for cinnabar by the Etruscans, and later by the Gr(.*eks and Homans. These 
relics are presi^rved in museums at Sisle and (k)rnacchino. About the l>e.ginning of 
the Christian era, Dio8<^oride8, in his De maleria medica, called mercury v^papyvfm — 
w&up, water ; dpyvpos, silver— and stated that it is obtained by sublimation from 
cinnabar and charcoal in an alembic or iron pot with a luted ofiAx* ^ ^ 

collect the condensed vapour. Evidently, al>out this time mercury was well known 
to the Greeks and Homans. Near the beginning of the present era, Pliny, in his 
Historia naluralis spoke of hydrargyrum in contra^tinction to argerUum vivum, and, ’ 
according to J. Beckmann, the first term probably referred to menmry separated 
from the ore by an artificial process, and the second term signified native mercury. 
Pliny stated that all substances other than gold Boat on the surface of the metal ; 
and he added that the mercury can be purified by squeezing it through leather, from 
which it exudes like a kind of perspiration.” About the same time, Vitruvius, 
in his /)e archUedura, described the preparation of mercury from cinnabar, and, at 
the beginning of the seventh centu^, Isodorus, in bis Drigines, described some 
properties of the liquid. 

Mercury played an important rSle in the work of the Alexandrian and later 
alchemistB, inasmuch as it was regarded as one of the three primitive elements from 
which all matter was made ; and, m particular, they believed a substance resembling 
mercury, if not mercury itself, to be an essential part of all the metals, and it was 
some^mes called the mother of metals. Leonardo da Vinci, however, would have 
ndne of it, and, in hit Codex aUanticus, said : 

The deceitful interpreteri oi nature SMume menmiy to be the common germ of all the 
metals, forgetting that nature varies its seeds aooording to the different thin^ whioh those 
seeds are meeot to bring forth. 

According to B. Neumann, the term mermnus was first employed by the 
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alchemintH in place of quiclSiJver. Up to the sixth century, when mercury was 
regarded as a kind of silver, quicksilver, it was represented by the moon-crescent }), 
but, according to M. Berthelot, about this time the symbol for the planet Mercury g 
was used for quicksilver, and the symbol for Jupiter was reserved for tin— previously, 
the symbol 5 was often used for tin. During the alchemical period, mercury was 
diligently studied, and numdrous compounds were prepared and many of the 
properties were closcdy examined. Thus, the Latin Geber—in his Summa per- 
fectionis iiuujistffii-~dv.fi(mhcd the preparation and properties of purified mercurj' ; 
Albertus Magnus— in his Compositum de compnsitis—BynthcBized cinnabar, mercuric 
sulphide ; and Thomas Aquinas - in liis Secreta akhemicv—Biud'ied soln. of metals in 
mercury to which he applied the tc*rni armlgam^ According to A. Libavius, 
amalgam is a corru])ted form of /mAdy/za, but, according to J. Ruska, it is a corrupted 
form of Greek /ztypz with the Arabic prefix al, making o/winz/ma. 

G. Agricola regarded mercury as a metal, but others w'cre puzzled by it. 
A. Libavius, and J. J. Becher classed it among sulistances— like bismuth, arstuiic, 
sulphur, et(;.— which have a relationship with the metals. J. Kunckel said 
that mercury contains a tough sticky material ; H. Boerhaave, R. A. Vogel, and 
0 . L. L, do BufTon emphasized the differences in the physical properties of 
mercury and those of the common metals ; G. Brandt called it a half-metal. The 
truly metallic nature of mercury was recognized when J. A. Braun, in the winter 
of ITfiD-tK), at St. Pett'rsburg, found that it could be frozen to a solid metal by 
cooling with a fniezing mixture of snow and nitric acid, and when A. L. Lavoisier 
showed its elementary nature. The histor)' of mercury has been discussed by 
G. F. Hildebrandt, A. Rossing, F. X. M. Zippe, G. A. J. Lambert, E. 0 . von Lipj)- 
inann, and R. Andr(*e. 

The occurrence of mercury. — Mercury is neither abundantly nor widely 
distribut('d ; it occurs native, in very subordinate quantities, disseminated in liquid 
globules or filiform masses in cinnabar deposits as a dt‘comj)osition product of 
that mineral, and hence, generally near the outcrop. It rarely occurs in individual 
globules largo enough to allow the mercury to be profitably collected, although 
considerablo quantities have been found in various dejmsits in California. It has 
been rcport(‘d— F. B. de Sauvage,** J. A. 0 . Chaptal, M. do Serres, and P. G. de 
Grouville— unaccompanied by cinnabar, in the weathered granite at Melinot (St. Lo, 
France), and accompanied by calomel in the strata on which Montpellier (Uerault) 
stands. It also occurs in silvery-white cubic crystals alloyed with silver, as a native 
amdqam, at Moschel (Rhenish Bavaria), at Rosenau (Hungary), Allemont 
(Dauphin^i, France), Arqueros (Coquimbo, Chili), Almaden (Spain). Analyses of the 
amalgam range from AgHgs to Ag5Hg3. There is also a variety named arquerite 
from Ar(jueros (Chili) which, according to I. Domeyko, has the composition AggHg. 
A specimen of native gold amilgam, from Columbia, analyzed by H. Schneider, had 
(Au, Ag)2Hg5 ; and one from California, analyzed by F. L. Sonnensohein, had 
AugHgs. W. Vernadsky, E. Halse, and G. Flink have studied the occurrence of 
the various amalgams, etc. 

Mercury is usually obtained from locally concentrated deposits of mercuric 
sulphide -Wnrmhur, or cinn(ibiirit&~ii\oTv or less intermixed with the metallic 
oxides, earths, bituminous matti'r, iron pyrites, arsenical or antimonical com- 
IHiunds, and ores of gold, copper, and zinc. Its geological distribution ranges from 
the oldest to the moat recent. It is found as a secondary formation from eruptive 
rocks, and in deposits from sulphurous springs. Thus, A. Liversidge 3 reported 
mercuiy and mercuric sulphide in the deposits from the hot springs near Ohaiawai 
(New ^'aland), and G. F. Becker and W. H. Melville in the siffter from Steamboat 
Springs (Nevada). J. A. Phillips, and J. le Conte and W. B. Rising have discussed 
the deposits now being formed in the fumaroles near Lake Clear (California). 
F. L. ^nsome has investigated the deposits at Almaden ; and E. Wittig, those of 
Mexico. Some cinnabar is coloured black— Aeptrfic (jinnohoi^by a hydrocarbon 
willed idriaUnCy C3H2, and is called idriqlite ; coralline earth is a mixture of cinnabar, 
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bitominouB matter, and about 60 cent, of apatite, or calcium phospbate.* 
M^odnnaharite is a dimorphous variety of morcuno sulphide, and a variety con* 
taming some zinc ia called kviglwmU, 

T)ie roost ira|>ortant deixtsiU of omiiabar in Europe ara at Almadon (Spain), Idiia 
(Camiola, Austna-Hun^ary), and Nikitowka (Bariuuut, South Kuasia). The minoa at 
Almadon, Itrencda, and Ovexlo were dtwcrilKxi by Theonhraatua, 3(H) b.c. ; Utey were 
mentioned by Pliny, and Vitruvius ; and tli»*y are still the most important of those in 
Kurope. Tho Almadon dejiosita lie on the upjior Silurian (diaJos, and (ho avoM^je or« yields 
8-9 |K'r cent, of mercurj’, whilo the richest ore runs as hiith as 2ft per cent, of metal. 
Tho morcurial exhalations in tho hot inimw mako tho minm^ an unhealthy oi'cupation. 
The Idria deposits have been worked since 1400 ; and from tlie old s})oil heaps, it ia suppo«e<l 
that the deiKMits at Nikitowka were workwi in ancient times at an umh'teniumHl jHtnod, and 
it is estimated to lx* ono of the ‘most imtiortiinl depoKila in the worhi. A deposit fourth in 
im|K)rtance occurs at Monte Amiata (Italy). Other suliordiimte depiMiits occur at Vallalota 
near A^onla, Hagno S. Filippo, Satumia, Fano Monte dello Fat<*, ('ausoli, C'astiglione, 
(’hiavort'is*, AJban*to, Marguo, and San Donato di Nmea in Italy ; in the Avala Hills of 
Serbia; Spizza, and Nehaj in Dalmat ia ; at TriHtyn in Croatia ; Mires, Santander, Tobiscon, 
and I'urrhena in Spam ; Neumarktel, and Littai in Caniiola ; HoJagna. and ('a|H> Corao in 
Corsica ; Isire, Haute \’iennc, and S<‘vennes in France ; Kongslx'rg m Norway ; anti Sala 
111 Swisitm. 'I'heriy art* exhausksl deposits at Wolfstein luid JMosihelhmdslM'rg in tliu 
Havanan Palatinate ; at Horrtiwit/. tn Holiemia ; and at V’ollerra, (Vrij'hHni, and llipa in 
Italy. In AsU, then* is on extensive do]M>sit in the provinetw tif Kweitshow, and Hoang 
Hai III China ; Sent lay in Japan ; Ildekansk in Sits*ria ; m Horueo ; Java; Sumatra; ami 
near Smyrna. Jn Africa, there an* de|H>.sitH in Algeria and in 'rums. In Anariot, the 
output from the <lei>osits at New Almatlen, New Idria, and other jiarfs of California oxcHMids 
that of Almodcn. \Vork was begun at New Almailen about 1861. 'J'lie de[K)HitM of Atmadnn 
anti Jtlna seem to get richer from above downuards, wliilo tliost* in Califoniia am said to 
get ptxirt'r. Cinnabar boa also Ixs*!! rejiorltsl and in some easi*« worktd in 'I'exas, anti 
Ort'gon ; in Hritish Columbia; near Capula, St. Homualtlt) ]*etlemal, ('arm, Duleos 
Nombres, (iuadalupana, Ouatialeazar, Huit/.ueo, and Ziwaitras in Mt'Xieo ; Huoncavt'lica, 
C'honta, Cajamarea, and Santa Ouz in Peru; Andacallo in Chili; Tolima in Columhia j 
I..a Cruz and Santo Tome in tho Argentine ; and nt J’aranagra, Santa Cathi'rina, Santa 
I*aulo, and Oro Pr**to in Hranl. 'fhe liuaneavelica nones of Peru liegan to pnaluce mercury 
III (juuntity about 1671. 'I'he mines at (luatlalcazar in the jiroviiiee of San Luis Pt*U«i 
(.Mt'xioo) were known to the “ Indians” liefore the tliscovery of Mexico by Spain. In Auifrtl* 
Esia, ctiinabar occurs at Cudiiegong, and Noggniiga CrtH'k in New South Wales ; at Kilkivait 
in Queensland ; and at Qrnapereaee in New Zt'idand 

The world’s production of mercury, in flasks of about 75 lbs., was ; 

ISSO 1890 1900 1900 I91i 1917 

119,108 101, 660 99,2(0 ltW,l20 107,689 122,002 

The maximum and minimum prices jier flask in I'.ilfl wen^ resfiectively £18 irm, and 
£16 12.!f. Cxi,, and in 1919 respectively £24 10«. and £15 lO/i. The pre-war jirieo was* 
about £7 per flask. The production in flasks of about 75 lbs,, in different countries, 
was : 



r lilted 
state*. 

Spain. 

Aiutrla- 

nunsnry. 

Holy. 

ItiiMia. 

Mexico, etc. 

1900 . 

. 28,890 

37,260 

17,130 

12,540 

0,300 

0,000 

1914 . 

. 10,648 

28,000 

27,600 

31,641 


4,000 

1917 . 

. 35.964 

26,133 

27,600 

29,300 

600 

4,000 


The other minerals and ores of mercury arc of no economic iinporteuice so far oa tho 
extraction of the element is concerned. There ore the minerals : tteminnite, HgSe, which, 
oc^cording to O. F. Becker, was one© coramorciaUy worked in Utah ; coUmuliU, HgTo { 
ortofritt, or guadalcaziU, ZnS.6HgS ; lefuixtchiie, or krbachite, Hg8<* -t- PbS© ; calgoorl^ 
AgjAujHgTo, ; Hg8.2Sb|Sy, or Fi^t.HgS.4Sb|8t ; WKm/rt>yd^» HgO ; calomdt 

or hom quicksUvtTt HgCl ; botdaiUe, possibly A^DLzUgO ; ceocintts, Hgltt i* doubtful, it 
may bo a merouric ohforosoltoide ; terlinguaiU^, tig, OC\ ; tgUtioniU, HgtOCli ; magnoHitf 
HgjTeOj, ; hUiniU, SH^.HgOl, or Hg 4 [ 0 (NH,)t],(|d 04 , Cl)| ; and mosMi/e, which is similar 
to ideinite and is a^ixture of ammonium mercurochloride with mercurous sulphate and 
possibly chloride ; oaremiU is supposed to be a mixture of calcium mercury antimonato 
and antimonic acid. 

Mercurial earths at Guadalcazar are called aemido, and Jierroso. Tliere are mercurial 
fahhrte containing some cinnabar — may be up to 18 per cent. Hg — also called henmeiU, aft 
Ober-Moschel ; schwatzUe, at Tyrol ; and epanoUiU. A. Kretschmer found 0*76 per cent, 
Hg in a sample from Miisen, 1*62 per ocoit. in one from Kotterbach, 0*80 in one from 
Brudegg ; and A. d’Achiardi, 3 per cent, in one from Zulfello (Tuscany). 
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7. Sandboiger foui^ mercury in copper ; H. Wmiz reported 0*99 per oeni im 
ommieiU, Ag^l^ ; L. E. Rivot, 22 per cent, in a cupric antimonate with meroiinG 
telinride from Chili ; F. Field also found mercury in cupric antimonate ; A. M. del 
Bio in sine selenide ; M. Rarval reported mercury in Caucasian iron ore ; H. Wurti, 
r04 to 1*11 per cent, in huntUUe; P. Collier found 1'30 per cent, of mercury in 
Hromeyerite from Arizona ; and A. Hilger found 15*79 per cent, of mercury as 
cinnabar mixed with a stibilite from Mexico. Many varieties of zinc blende have 
been reported to contain mercury~~«.^. by E. Hairs in the blende from Bleyberg ; 

F. L. Bartlett in the blende from Leadville ; L. de Launay and 0. Urbain in tertiary 
blendes; 0*02 per cent, in the Rhenish and Swedish blendes; and P. Soltsien, 
0*135 per cent, in Asturian blendes. 

Tlie literature on the Californian oree has been collected by W. Forstner ; * the Oregon 
deponita, by B. A. Wendebom ; the Arizona depMits, by F. C. Schrader ; the British 
Columbia deposits, hy Q. F. Monckton ; the Idria mines, by A. Schrauf ; the Monte Amiata 
mines, Italy, by A. Verri, P. de Ferrari, B. Lotti, and V. Bpirek ; the Mount Avals mines 
of Serbia, by II. Fischer ; the Almaden mines of Spain, by H. Kuss ; the Huanoavelioa 
mines of Peru, by A. F. UmlaufT ; the deposits of Borneo, by F. Katzer ; the Algerian 
deposits, by M. Dussert ; and the principal deposits of the world by L. Demaret. Q^eral 
collections Ijave been made by E. Detienne, K. Fuchs and L. de Ijiunay, A. W. Stelzner 
and A. Bergeat, R. Becrk, F. Boyschlag, P. Krusch and J. H. L. Vogt, and C. Hintze. 

G. F. Hildebrandt collected the earlier literature. 

F. W. Clark thus describes G. F. Becker’s views on the origin of mercury ores : 

The chief depoeite of mercurial ores are all in the neighbourhood of igneous rocks, from 
which it is highly probable they were originally derived. The deep*8eated granites, in his 
opinion, form the principal source of the mercury. The ore bodies in some cases fill fissures, 
fractures, or cavities in rocks, the latter being commonly of a sedimentary character ; and 
in other instances the cinnabar forms impregnations in sandstone or limestone. The ores 
are commonly associated with pyrite or nmreasite, sulphur, calnite, barite, gypsum, opal, 
quartz, and other secondary minerals, and show distinct evidence that they have been 
brought up fronj bedow in soln. In many cases, if not in all, the evidence of hydrous or 
solfataric origin is very clear. In G. F. Bet^ker s opinion alkaline soln. containing sulphides 
are the natural solvents of the mercurial compounds, although V. Spirek, describing the 
de{)osit« at Monte Amiata, Tuscany, suggests that tho mercury was first dissolved as suJphato 
imd precipitated later by alkaline poiysulphides. For this supposition there soeras to be 
little or no positive evidence. At biria, A. Sohrauf found no indications of the existence 
of alkaline thermal springs. 

C. de Wattoville ® claimed that the solar spectrum has no mercuiy lines, and the 
presence of that element in the sun is doubtful. J. N. Lockyer found mercury 
dines in the spectra of the cooler stars. J. L. Proust discussed the occurrence of 
mercury in tho waters of the sea. G. F. Becker reported mercuric sulphide in some 
Californian waters, and F. Garrigou in the Rocher spring water at Saint Nectaire- 
le*Haut (Pay-do-Ddme), but J. Lefort and E. Willm doubted if mercury is a constant 
constituent of tho Rocher spring. P. £. Raaschou reported mercury in some mineral 
waters. J, Bardet examined spectrographically the waters of 54 French springs, 
and found that mercury was rarely present. J. L. Proust, H. M. RoueUe, 
J. F. Westrumb, F. Wurzer, and J. Kunckel found mercury in sodium chloride, and 
in sea-water— the test was made by distilling the salt with sulphuric acid, and the 
latter may have contained mercury. M. Miropolsky found mercury in sulphuric 
Mid ; P. E. Raaschou, in copper ; L. HouUevigue, in the carbon filaments of 
incandescent lamps ; and £. Wollschlaeger, in Codeinum photphoricum. G. Seyfrieds- 
berger found mercury in the walls and masonry of a mercury kiln. The so-called 
mercurial soot, or in Almaden Aofftnes, and in Idria sfupp— from the Slavonic stupap 
dust — ^is the flue-dust which collects in mercury extraction fumiftes, and is in some 
respects analogous with zinc fume or blue zinc. Stupp consists of a mixture of finely- 
divided mercury, soot, mercuric oxide, sulphide and sulphate, quartz, etc. It is 
fubsequently treated for the mercury it contains. A. F. Q. A. Leymerie found 
mercury in the roots of the mulberry tree at Yalleraugue ; and L. Oeikers, in tape- 
worms from man after treatment with mercurial salve ; E. Ludwig and E. ZiU^ 
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lOimil ynsiy tittle nwretify in tiw brain and bones, more in tbe spleen and liver, and 
stiU more in the kidneje, and in parts of the large intestine o£ a m s-n poisoned with 
perottnal salts, H. Wintemiti noted that mercury is partly removed from Iht 
qrstem by the urine. 
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§ 2. The Preparation and Extraction of Mercury 

The, «^arly ])roc(?fl8(‘H for the e.xtraction of mercury have already been indicated. 
They were dcHcribed by G. Agrieola in 1556. In 1719, A. Jussieu i described the 
procestLof extraction iunployed at Alniaden, and in 1776, B. G. Sage, the process 
of extraction employed in the Palatinate. In virtually all cases, cinnabar is the 
only ore from which the metal is extracted, and the simplicity of the reduction is 
such that extremely poor ores can be profitably worked ; the bulk of the mercury 
in commerce is obtained from ores containing ()’5 to 10 per cent, of metal ; indeed, 
in some places, an ore with O' 75 per cent, of mercury is considered to be compara- 
tively rich. The ore is not concentrated by wet processes because cinnabar is so 
friable that a considerable proportion would be lost by floating of! with the water. 
As a rule, the rich portions of the ore are separaU'd at the mine by spalling, and 
hand-]ucking ; the poorer ores are classified by screens or trommels into coarse and 
fine. Each of these grades iiiay be re-classified. The general result is (i) a “ rich 
small ore ” running about 6 per cent, of mercury and of a grain size up to 0 32 in. 
diam. ; (ii) a “ medium small ore ” up to about 1*2 ins. diam. with about 0 6 per 
cent, of mercury ; and (iii) a poor coarse ore ” with pieces between 1*2 and 4 ins. 
in diam., and running about 0*3 per cent, of mercurj'. The coarse ore is treated in 
shaft furnaces both in Europe and in America ; the medium ore is treaU'd in shaft 
furnaces in America, and in shelf or cascade furnaces in Europe ; and the fine ore is 
treated in Blurope in reverberatory furnaces. Rich ores are treated in retorts, as 
•^in America, or in tile furnaces, as in Europe. Formerly all the furnaces were inter- 
mittent, but continuous furnaces are now employed. 

Two general methods are available on a large scale for the reduction of cinnabar. 
The one depends on the oxidation of heated cinnabar by air, mercury vapour, and 
sulphur dioxide being formed : HgS-l- 02 ~Hg-f-S 02 ; in the other the cinnabar 
is heated with lime in a vessel from which air is excluded, calcium sulphide and 
sulphate are formed, and mercury vapour is set free ; 4HgS-f 4 Ca 0 = 3 CaS+CaS 04 
-|-4Hg ; instead of lime, iron in the form of smithy-scales can be used : HgS-fFo 
=FeS-l-Hg. In every case the reactions take place at a temp, exceeding the 
b.p. of mercury, so that the condensation of the vapour is an essential part of the 
process. J, F. Booth showed that if the ore is very rich in sulphur, some sulphur 
vapour may pass on to the condensers and re-form mercuric sulphide. In the air 
oxidation, the vapour of mercury is largely diluted with sulphur dioxide, nitrogen, 
oxygen, and generally with the products of combustion ; under these conditions, as 
in the case of zinc, the mercury vapour condenses with difficulty, and more or less 
mercurial soot, hollines, or stupp is formed, and this requires special treatment in 
order to recover the mercury. Nevertheless, the condensation of mercury vapour, 
highly diluted with furnace gases, is more easily effected than is the case with zinc 
vapour under similar conditions, first because, when sufficiently cooled, mercury passes 
into the liquid state ; and on account of its high sp. gr. it can be separated without 
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great difficulty. The mercury vapour obtained when the cinnabar ii heated with 
lime or iron in retorts is readily oondeneed, but under theae conditions, only small 
quantities can be treated at a time, the retorts last for a comparatively short time, 
the costs of fuel and labour are high, and the workmen are exposed to mert'urial 
fumes when the retorts are cleaned. In the air-oxidation process, the costs of fuel 
and labour are comparatively siuali, and the workmen are not troubled by mercurial 
fumes. The last factor is of paramount importance, and retorting is used only for 
the treatment of specially rich ores. The retorts first employed were made of 
clay, and cast-iron bottles were later used, and laU‘r still ndorts made of cast iron 
were employed shaped much like those used in the preparation of coal gas. The 
mouth of the retort dipjH'd under water, so that the process is a kind of diMiilatum 
per dem'Mum. At one time, the nnluetion with iron was used at Horuzowiti in 
Bohemia, and the lime reduction was ustnl in Idria (Carniola), Rhenish Palatinate, 
Monte Amiata, at Landsberg (Bavarian Palatinate), Pme Flat (California), and is 
said to be still in use at LatUi (Carniola). The distillation nroeess in Mexico and 
Chile has Iktii described by B. Neumann, E. de Riviero, V. Pen‘£- Rosales, etc. 

The o-vidatiou process includes an air-combustion and a kind of distillation. 
In an early form of the process employed at Idria,* the ore was oxidized on jier- 
forated stone arches, and the gaseous products passed from tlie roasting chamber 
up and down seven condensing chambers, and finally through a turret-shaned 
chamber into the air. The inclined floors of the condensing chambers enabled the 
condensed mercury to be readily collected. This furnaie is jiractically obsolete. 
At Almaden, the gusi-s from the roasting chambers traversed half a dozen s«‘ries of 
tubes made up to small cylinders — called aludeU- open at both ends, and fitting 
into one another. These were laid on a surfac’e- called tlie aludel-lHUh— jiTut 
descending a little and then ascending, and finally directed into a chimney. I his 
furnace, according to If, Kuhs,^ was designed in KJ.Tl by L. S, Barba in Huau- 
cavelica (Peru), and was introduced into Almaden (Spain) by M. BustaiuenU‘ in 
IGifl, whence it is sometimes called BuslamfUe's funuice or the ahdel furmee, 
In spite of many attacks this furnace has maintained itself up to the pri'sent. 
C, de Kalb has described the extraction of mercury at ilduiaden. 

The continuous shaft furnaces are of two types: (i) Thow'. without inclined 
shelves used for large ore, and exemplified by V . bptfek s t<haft furnace,* and 
F. Novak's shaft furnace without an extcTUul firej)lace, and A. Kxfli s shaft furnace 
with ext<*rual heating ; (lii those with inclined shelves used for medium and fine ore, 
and exemplified bv iioAt s shaft furnace, and LilchfieUl s shaft furnaces. I he Czertnak- 
tipirek Schuttrosldfen is a kind otfour d cascade or tile furnace with ridges so arrangeif 
as to make it behave like a group of low shaft furnaces or a multiple-hearth rever- 
beratory furnace. The modifleation without ridges is a reverberatory furnace 
proper, and is used for dust, ores which decrepitate, and for the treatment of 
stupp. 


V. Spin'k’s shaft furnace, illustrated by Fif(. 1, is a square shaft of oniinary firebrick 
hrace<l with an^le iron and tie-rods, and supporl^nl on coluiruis. The iKittom of the furnace 
is about 5 ft. aliovo the floor line m that a truck can run uiidemeath to receive the Hf>©nt 
ore when the sloping irtin firebars are nwvod. The charge is a mixturt^ of coshm? oro with 
about 2 per cent, of cbarcoal, and it is fed into the fumaco through the ho|>|>er. The outlet 
pities lead the mercurial vapour, etc., to the condensers. Those Consist of six or more senea 
of pairs of vertical pipes of cast iron, or glazed stoneware of elliptical croas-section and sup- 
ported <m a wooden framework. Each pair of pipes is about 8 It. in length, wid 20-24 uM. 
diameter, and is cemented at the bottom into a V-shaped receiver with the lower enq 
open, and dipping into about 2 ins. of water in an iron tank in which mercury and stupp 
collect. Eacn pair 9f pipes is connected with the next by a cap-piece provided with a man* 
hole. The pipes are cooled with water. The gases which leave the oondensew piM mio a 
large wooden condensing or dust chamber whiA is divided by baflSe walls so tliat the gases 
follow a zig-zag course. This chamber has a sloping floor and Ifutter to a^w any ire# 
mercury deposited from the gases to run on to a collecting pan. The exit gi^ pasfl 
from the condensing chamber to the fan and chimney-stack. Every five or t^ days 
is a clean-up of the tubes with scrapers, bruahea, and a Jet of water, in order to poUeot tntk 
accumulated stupp. 
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Meroiu^ is obtained from gold and silver amalgams by distillation. G. H. Maim * 
also desoribes the recovery of mercury from amalgamation reudnes. The recovery of 

mercury from stupp follows 
on the lines employed for 
finely>divided ores, and is 
discussed by C. Schnabel, 
F. Pik, G. Goldschmidt 
and M. von Schmidt, 
F. Janda, A. Harpf, 
A. Weiskopf, E. Teuber, 
etc. The extraction of 
mercu^ from fahl-ores has 
been discussed by C. Schna- 
bel, H. Wedding, J. Scha- 
bus, etc. All the commer- 
cially successful methods 
for the extraction of mer- 
cury are dry processes ; 
wet Pfooeans have been 
proposed, but have met 
with no economic success. 
For example, G. Kroupa,* 
C. A. Winkler, and R. von 
Wagner have proposed to 
extract mercuric sulphide from its ores by a soln. of an alluli sulphide containing 
caustic alkalies ; R. von Wagner recommended a soln. of barium sulphide, or an aq. 
or hydrochloric acid soln, of bromine ; and T. P. Sioveking proposed a soln. of 
cuprous chloride in sodium chloride in the presence of a granulated alloy of sine 
and copper. The cinnabar is decomposed, 2CuCl-|-HgS=CuCl2-f CuS-f Hg, and 
the mercury amalgamates with the zinc-copper alloy, from which it is recovered 
by distillation. 

The electrolytic methods have not been economically successful. A. von 
Siemens,'^ and B. Szilard electrolyzed a soln. of mercuric sulphide in a soln. of 
hydrosulphido of calcium, barium, strontium, or magnesium ; 0. Dammor also 
suggestea electrolyzing a soln. of mercuric sulphide in dil. hydrochloric acid (1 : 10) 
or in an aqL soln. of sodium chloride. 

The rMUCtion of meicary from merc^ compounds.— E. Reichardt » noticed 
vthat precipitated mercurous and mercuric arsenates gradually decompose into 
mercurous oxide and mercury. M. C. Lea found that by pressing with a pestle in a 
mortar mercuric and mercurous chlorides, mercuric iodide, and mercuric oxysulphate 
and oxychloride are decomposed. Several mercury compounds decompose when 
heated— «.</. the oxide, sulphide, chloride, etc. H. Rose found that many mercury 
salts — c.tf. mercurous sucemate — are gradually decomposed by boiling with water. 
M. Guorbet found that a soln. of mercuric gluconate is hkewise decomposed. P. and 

M. M. Richter showed that mercurous cyanide decomposes when allowed to stand 
for some time, or when boiled with water : 2HgCy— Hg-f HgCyg. L. 0. Helmers 
found aq. soln. of mercurous ichthyolsulphonate l^hav^ sii^arly. According to 
J. Riban, a soln. of mercuric acetate in a tube at ITb** forms mercury, carbon dioxide, 
and acetic acid. 

Merourio oxide was found by W. Miiller to be reduced to the pietal by hydrofon 
at 220*^-230*’ ; and 0. Schumann found mercuric sulphate to be similarly reduced. 

N. N. BeketoE, and £. Cohen found that hydrt^n precipitates mercury from an aq. 
soln. of its salts— the press., said C. Brunner, must be over 100 atm. 8. Cooke pre- 
cipitated mercury from soln. o! merourio nitrate by treatment .with hydn^imsed 
ptatinum ; and B. Neumann likewise obtained mercury and mercurous chloride from 
an aq. soln. of mercuric chloride. A. 0.^ Chapman found hydrogenized palladiwn 



Fio. 1, — V. Spirek's Shaft Furnace and Condensers for 
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Mdooet ioh. of mercurio saHi partly to meroiuous laiti, and partly to motal 

Dta, and BC. Kohn rodnoed meiourio compoundi by the action of lifdlOfia 
pmrids in aUcaline aolit, and W. Kwaanik oaod buinm dIoiMa. Aooofditiff to 
A. Vogel, 0oln. of mercnrooe and mercuric salts are reduced to the metal by ndj^mt 
dknide; and, according to 0. Brunck, fodliun tupoanlphHa, NatS| 04 , reduces 
mercury salts to the metal, which is converted into sulphide by an excess of the 
reducing agent. J. Myers converted mercuric chloride and mercurous nitrate soln. 
to the metd by means of poturiwin liydrotuiphida* KSH. J. Keir found iMfOOl 
Wfpfaate and ftanttOOi ehtoride can reduce mercury salts to the metal. K. Volt 
reduced mercury compounds by fusion with tlkili carhooatea or aOcili hydroiidM ; 
and P. Janda by heating them with frOQ (cdda. 

W. R. Hodgkinson and G. 0. Trench passed ammonia over heated mcrcutb 
sulphate and obtained mercury. A. Thum, and W. Lessen found hydmylaillilli 
rapidly reduced mercuric oxide to the metal. £. Kndvenagel and B. Rbler found 
hydroxyiamine salts and hfdfaiilie laltl reduced alkaline soln. of mercurio salts 
and also soln. feebly acidified with acetic acid. T. Curtius and F. Schrader, 

A. Purgotti, E. Rimini, and P. Jannasch and W. Bettges also studied the reduction 
with hydraxine salts. An alcoholic soln. of mercuric cyanide is reduced by ftibillO. 

B. E. Howard reduced mercury compounds to the metsl with hypOj^lOfJ^horoai 
adA A. Gutmann reduced mercury fulminate with an alkaline soln. of irNDiooa 
icki ; I. Pouget with potanfiun thiointimmiitd ; and P. Pascal, with lodfiim 
taio pyiDphouphate. 

A. C, Becauercl reduced mercurio oxide by heating it with oarbon—tade infra. 
N. Tarugi reduced mercuric compounds by heating them with caldnm oarUda. 
Many organic compounds reduce mercury salts to the metal, and the reaction is 
often accelerated by heat or by exposure to light. Thus, A. Vogel found oana 
fOgar reduced soln. of mercurous nitrate to mercur}' and a little mercuric oxide ; 
P. Soxhlet reduced alkaline soln. of mercury salts to the metal. J. Stern and 
8. Frankel used an alkaline soln. of invert 101^ ; and J. von Liebig, and C. Knapp 
reduced an alkaline soln. of mercuric cyanide completely to the metal, by means of 
grape engar. P. Gdbel and P. A. von Bonsdorfi found formic add and alkali 
formates reduce mercury compounds to the metal. 0. Loew, and E. Feder have 
studied the reduction of mercury compounds with aldehyde* J. M. Eder investigated 
the reducing action of potasdom toons oxalate on mercuric salts. C. K. von 
Reichenbach, of creosote; M. J. B. Orfila, turpentine; M. T. Lecco, and 
W. Brunetti, vegetable and animal substances ; G. Bizio, gelatine ; etc. H. Moisian 
reduced mercurous chloride by heating it to 7(J!0^ with boron. * 

The metallic predpitation of merenry.— According to N. W. Fischer, > copper, 
sino, cadmium, arsenic, antimony, bismuth, tin, lead, and iron precipitate 
mercury from soln. of mercurous nitrate ; with copper, zinc, ca^imium, lead, and 
bismuth, the precipitation is complete in 24 hrs., but with the other elements, some 
mercury remains in soln. In some cases a white or yellow precipitate-— e.^. bismuth 
and lead— is formed at the same time. If a soln. of mercuric nitrate is employed* 
the action is slower, the salt is first reduced to mercurous nitrate, and basic salts 
are precipitated with copper, zinc, cadmium, bismuth, antimony, and lead. With 
solo, of mercuric chlorkte, zinc, cadmium, and nickel precipitate mercury rapidly 
and completely, with iron the action is slower, and slower still with copper, bismuth, 
and lead— in most cases also some mercurous chloride is piecipitated at the Mune^ 
time ; with zinc and cadmium, an amalgam is formed, r. Schorigin found thafT 
mercury is obtain^ when mercuric ethyl is treated with aodfani ; and at lOOV 
B. Frankland and B. P. Dnppa observed that the mercury in this oompouid Is 
oon^teteiy displaced by zinc, and more sbwlv and not completely by cadmtum, - 
copper, silver, gold, bismuth, and iron. B. Alexander h>und that merouiy is die- 
piaoed from a soln. of mercuric chloride in etl^l acetate by ihiinillhilii, and mag*, 
neshim, and partially by copper, zinc, tin, lea^ antimony, and bismuth. 

When eoffpor is unmenra in a soln. of a salt of meicttry* the metal beoomei? 
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covered with a grey film which appears silvery white when rubbed between paper. 
H. Reinsch found that copper is coated by a film of mercury in a soln. of mercuric 
chloride (1 : 1000) in the presence of hydrochloric acid ; with a dilution of 1 : 60000, 
no film is produced in the cold if the acid be absent, but when boiled the copper is 
coloured golden-yellow, and if the acid be present, a grey film of mercury is produced. 
A. Vogel found the film is lost when the copper stands exposed to the air for 12 hrs. 
T. W. Richards and 8. K. Singer obtained a quantitative precipitation of mercury 
from a soln. of mercuric nitrate with not too great an excess of acid ; and, according 
to W. Odling, and H. G. Magnus, the precipitation occurs with soln. of mercuric 
chloride, but not with soln. of mercuric sulphate or nitrate. M. Caucal, and A. Vogel 
obtained mercurous chloride as well as mercury from soln. of mercuric chloride. 
N. W. Fischer also found that mercury is reduced from a soln. of a mercurous salt 
by brass. According to A. Ogg, dil. soln. of mercurous salts are reduced by silver, 
and, according to J. N. Bronsted, 1*29 to 1‘55 Cals, are absorbed per mol of mer- 
curous chloride, and more at a higher temp. C. Zenghelis found that silver foil 
reduces a cold sat. soln. of mercuric nitrate, and in 2 hrs. at 80®, a soln. of 
mercuric chloride is reduced to mercurous chloride. G. Campani found that in a few 
hours finely divided silver completely reduces to mercury an aq. soln. of mercuric 
chloride, or an aq. soln. of potassium iodide and mercuric iodide. G. McP. Smith 
also noted the reductions of soln. of mercuric chloride, cyanide or nitrate, mercurous 
nitrate, or of potassiutn mercuric cyanide. A. Vogel found that with mercuric 
chloride soln., some mercurous chlori<le is precipitated as well, and Q. Wetzlar 
noted the production of silver chloride. E. Cohen, and A. and L. Lumidre and 
A. Seyewitz studied the bleaching of photographic negatives in consequence of 
the reaction : Ag-f-HgCl 2 =AgCl-}'HgCl. N. W. Fischer found that alloys of silver 
with tin, lead, zinc, and copper reduce soln. of mercurous salts to mercury. 

G. Bredig and J. Weinmayr noted that gold precipitates mercury from a cone, 
soln. of potassium mercuric cyanide ; and if an alkaline soln. of mercuric 
chloride bo treated with colloidal gold, mercury is precipitated on the particles 
of gold. 

. According to A. Schmidt, and K. Seubert, magnesium precipitates from neutral 
soln. of mercuric chloride, a mixtun^ of mercurous chloride, mercur)% and mercuric 
oxide, and the precipitation is complete, only after a prolonged boiling ; in acid 
soln., more mercury is mixed with the mercurous chloride. If mercurous chloride 
suspended in water be boiled for several hours with magnesium filings, mercury 
mixed with a little mercurous oxide is quantitatively obtained — in the presence of 
hydrochloric acid, the latter is not formed. S. Kern found that magnesium with a 
cone. soln. of mercuric chloride furnishes hydrogen and mercuric oxide ; and 

H. Mouraour noted that the separation of mercury by the magnesium treatment is 
attended by the evolution of hydrogen. D. Vitali found that with magnesium a 
cone. soln. of mercuric chloride gives hydrogen, mercuric oxide and oxychloride, 
mercurous oxide and the metal ; with mercuric cyanide, magnesium cyanide is 
formed which decomposes at a low temp., forming magnesium oxide, which then forms 
some mercuric oxide, and a part of the evolved hydrogen reduces the mercuric 
cyanide, and oxide to mercury. According to H. Rose, zino does not reduce an aq. 
soln. of mercurous sulphate, or mercurous chloride suspended in water ; zinc pre- 
cipitates all the mercury from soln. of mercuric sulphate or nitrate acidified with 
sulphuric or nitric acid, or from neutral soln. of mercuric chloride, without amalga- 
mation, but a soln. of mercuric chloride acidified with hydrochloric acid rapidly 
amalgamates the zinc. E. Ludwig found zinc precipitates all the mercury from 
urine. R. Varet found that gluminiam precipitates mercury from aq. soln. of 
mercuric cyanide, and A. Cossa, from aq. soln. of mercuric nitrate or chloride — some 
aluminium hydroxide and hydrocyanic acid are produced in the former case — the 
mercury unites with the aluminium, forming an amalgam which vigorously decom- 
poses water, and rapidly oxidizes in air. V. Borelli stated that aluminium is better 
than magnesium or zino for reducing mercury from cyanides. J. Klaudy found 
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tbil with A tola, of tnofonrie dibrido, •Itimiiuam tm A lg m » formod which deoom* 
pQMt water, forming alummiam hydroxide ; F. Regekbeiger noted the formation of 
ahiminmm hydioxiae in this reaction. 0. Richard noted that insoluble or sparingly 
solnble mercury compounds react with aluminium feebly or not at all. 

L. F. Boeot and M. Laaowsky found that oaibon immeraed for two days in a 
soln. of mercurous nitrate becomes covered with globules of mercury. N. W, Fischer 
found that with a soln. of mercurous nitrate, tsQ becomes covert with a brown 
powder which continualty deepens in colour and after a few days is resolved into 
globules of mercury. According to J. Smithson, if a piece of tin in contact with a 
gold plate is introduced into a soln. of a mercuric salt acidified with hydrochloric 
acid, the tin forms an amalgam with the precipitated mercury. J. H. van den 
Broek obtained a similar resdt with a tin-olatinum couple. K. Rupp reported that 
iron quantitatively precipitates mercury Irom mercuric salts, and M. J. B. Orfila, 
that iron decomposes mercurous salts at ordinary temp. ; but N. W. Fischer said 
that iron has no action on a soln. of mercurous nitrate because the metal beconu^ 
passive, and h. Qmelin added that this applies to a cone. soln. of mercurous nitrate, 
but from a dil. soln. of the nitrate or acetate, mercury is readily precipitated. 
R. Varet found that iron is a stronger reduciim agent than nidml, and that the latter 
metal reduces an aq. soln. of mercuric chloride to mercurous chloride, and partially 
to mercury—if air is present some nickel sesquioxide is formed. E. F. Smith 
observed that molybdailllin reduces soln. of mercuric t hloridc, potassium mercuric 
iodide, and mercurous sulphate to the metal, fi. F. Smith found that tungltell 
slowly reduces aq. soln. of mercuric chloride to the mercurous chloride, but soln, of 
mercurous sulphate and potassium mercuric iodide arc only partially redut^d. 
G. Zimmermaim found that nraniom precipitates mercury from a soln. of mercurit' 
nitrate, and a mixture of the metal and mercurous oxide from a soln. of men'uric 
chloride. 

According to H. Davy, when ph<wph(waa vapour is passed over heated mercuric 
chloride, it forms phosphorus trichloride and the metal. L. F. Bo(‘ck, and 

N. W. Fischer observed that phosphorus precipitates mercury from a soln. of a 
mercurous salt. M. J. B. Orfila found that ananic precipitates merciu^ from 
mercurous nitrate or sulphate at ordinary temp., and N. W. Fischer, that antiinODy 
does not precipitate mercury from a soln. oi mercuric chloride. The action of 
biimuth is indicated above. 

The eiectro-depofitUm of mercory.— The quantitative precipitation of mercury 
by the electrolysis of soln. of its salts is discussed in several text-lxwks— e.//. those of 
A. Fischer, A. Classen, and £. F. Smith— and the subject has been discussed by 

F. Rudorfif, H. J, 8. Sand, J.. B. Hannay, C. H. Wolff, A. Fischer, C. Luckow, 
Z. Karaoglanoff, etc. In the electrolysis of mercurous nitrate sola., N. W. Fischer 
obtained some peroxide, and basic nitrate. A. Classen, and L. de la Escosura 
showed that the electrolysis of aq^soln. of sodium chloride or hydrochloric acid in 
which insoluble mercury compounoi^mercuric sulphide, mercurous chloride, etc. — 
are suspended yield mercury ; F. W. Clarke also found that mercury is precipitated 
from a soln. in which the bamc sulphate is suspended. Electrodes for the electrolysis 
of mercury salt soln. have been investigated by A. Classen, S. K. Singer, and many 
others. 

An electrolyte acidified with nitric acid was emplo^d by A. Classen, H. Freu- 
denberg,^* E. F. Smith and co-workers, R. 0. Smith, H. J. 8. Sand, etc. ; an 
electrolyte acidified with tulphuric acid, by F. W. Clarke, “ L. G. KoUock, 
A. Fischer, E. Bindschedler, and B. Neumann; ammoniaoal electrolytes, by 
IL J. S. Sand,^ and M. Franfois ; an electrolyte containing cyuMitei by E. F. Smith 
and eo-worlm, F. GLaaer, B. Bindschedler, A. Classen, etc. ; a soln. of ammonium 
orvoiauium ikiocyanaU by L. K. Ftankei j a soln. of mercuric sulphide in todium 
mdj^ide by S. F. Smith and oo- workers, L. G. KoUock, A. Fischer, B. 0. ^ith, 

G. Vortmann, etc. ; a soln. of mercuric chloride in one of potauium iodide, by 

O. Vortmann ; ^ a aoln. of iodium or ammonium pkoephaU in one of ammonia or 

von. IV. 2 z 





l^UKlfAJVlt' AJVli ThEUKETWAL^VUJSMlSinX 


ammonium carbonate, by F. Rudorff, A. Brand, H. M. Femberger and E. F. Smith, 
etc. ; a soln. of a mercury salt in an excess of a soln. of ammonium oxalate, by 
A. Classen, 0. Vortmann, and A. Fischer ; 20 a soln. of a mercury salt in an excess of 
ammonia and ammonium tartrate, by G. Vortmann, S. 0. Schmucker, and 

F. Riidorff ; 21 and a soln. of mercuric chlorate, by F. 6. Mathers and A. F. 0. 
Germann.** 

The pu^cation of mercury.— Mercury should leave no residue when dissolved 
in nitric acid, or when fused with sulphur and sublimed in a glass dask ; and when 
agitated with dry air, it should not yield any black powder. When contammated 
with foreign metals, etc., mercury becomes extinguished, sickened, or deadened. 
(.Consequently, when a globule of mercury is made to run down a gently inclined 
surface, it should retain its spheroidal form, and not “ leave a tail.” According 
to M. Meier, 23 the “ tail ” consists largely of an amalgam of foreign metals with 
much adherent mercury. According to C. Michaelis, the electrical conductivity is a 
very sensitive test for the purity of mercury, and G. A. Hulett and H. D. Minchin 
state that this method will detect the presence of one part of zinc in 10 billion 
parts of mercury. Impurities mechanically mixed with the mercury can be removed 
by filtration by press, or suction through leather, or through perforated paper 
as recommended by L. Pfaundler, G. F. Hildebrandt, G. Vulpims, etc. Several 
methods have been proposed for the more or less incomplete purification of mercury, 
and SOUK! of these rapid processc-s are useful in a laboratory where a freely flowing 
liquid for confining gases, etc., is required, and not necessarily a highly purified 
metal for chemical operations. W. 0. Rontgen has discussed the preparation of 
mercury presenting a clean surface. 

In the method of oxidation a stream of air is drawn through the liquid, and many 
fopign metals associated with the mercury arc oxidized and the grey pulverulent 
mixture of oxides can be removed by filtration through leather as recommended by 
J. M. Crafts, L. C. Barreswil, J. J. Berzelius, P. Baumann, E. Maumene, etc. The 
mercury can also be shaken with certain liquids which oxidize and in some cases dls- 
solve the imj)urity — thus, G. Branch! recommended agitating the impure mercury for 
some days with sulphuric acid, or boiling the impure mercury with ^tth of its weight 
of mercurous nitrate dissolved in a small quantity of very dil. nitric acid ; W. Ostwald 
and R. Luther, and T. W. Richards and G. S. Forbes, a 5 per cent. soln. of mercurous 
nitrate mixed with some nitric acid ; C. Michaelis, shaking with sulphuric acid 
mixed with a little nitric acid until the mercury was broken up into small globules ; 

G. L. Ulex and H. Wild, a soln. of ferric chloride of sp. gr. 1’48 ; L, J. Desha, one per 
cent, nitric acid ; G. A. Hulett and H. D. Minchin, an excess of mercurous sulphate 
in dil. sulphuric acid (1 : 10) ; J. W, Briibl, W. Kerp, G. McP. Smith, and W. Bolton, 
a soln. of 5 grms. of potassium dichromate in a litre of water acidified with a few c.c. 
of sulphuric acid ; F. G. Voigtel, a boiling soln. of mercuric chloride in a clean iron 
vessel — but G. C. Wittstein said this process is npt good because mercurous chloride 
is formed ; W. R. Forbes, charcoal sat. with oxygen gas ; H. W. F. Wackenroder, 
a soln. of hydrochloric acid mixed with one-eighth vol. of sulphurous acid ; and 
W. Bettel, a dil. soln. of potassium cyanide in the presence of sodium peroxide— it 
is claimed that this treatment removes gold, zinc, tin, lead, copper, and iron, and 
leaves the mercury of a higher degree of purity than fractional distillation. In the 
shaking process, the surface of contact between the metal and the soln. is relatively 
small, and a long shaking is reouired to dissolve the impurities present in the 
mercury ; L. Meyer, and A. Weinnold therefore proposed allowing the mercur}' to 
fall in a fine stream one or more times through a long column of mercurous nitrate. 
Several forms of apparatus have been proposed— e.y. by B. Krrsten, C. Harries and 
F. Evers, K. Kaehler and M. Martini, 0. J. Moore, G. A. Hulett and H. D. Minchin, 
J. H. Hildebrand, L. J. Desha, etc. In some of these forms, the mercury is raised 
by suction to the upper part of the apparatus so that the process is continuous, and 
the mercury descends through the column of liquid a number of times. 

W. Jager, and F, A. Wolff and C. E. Waters purified mercury electrolyticaUy 
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nuJdng the impure mercury the anode in a aoln. of nitrio acid ; J. H. Hildebrand 
a^ed that the proceas occupies much time, requires eiiicient stirring, and in nut 
particularly efficacious. According to C. Michaelis, the separation of meitnir}' 
from admixed impurities is complete il the impure mercury be distUlini in vacuo, 
urith the surface of the metal at rest ,* if the press, be insufficiently low, and the 
surface of the mercur)^ turbulent, some spray of impurt' mt‘tal is carried along with 
the vapour to the itTciver. Boiling menur)- is liable to spirting-^covering the 
impure mercury in the retort with a thick layer of iron filings in order to arrt'st the 
spray has b<*eu recommended ; and A. F. L. Ddrffurt recoiiunended distilling the 
mercury with one-tenth its weight of cinnabar ; he btdieves that the sulphur n*taiiui 
the fondgn metals in the retort. H. Violette recommended distilling silver-amalgams 
in a curnmt of 8U|K‘rheaU‘d steam. Even if bumping be prevenU^d it is probable 
that some zinc, cadmium, lead, tin, bismuth, and copper can vaporize with the 
mercury, V. Meyer has said : 

It is commonly aH«ume(i that memury caj» b« punlitHl t>y diatillation, but, even after 
thit'o distillntionH, much im|>unty rt'inama. It i* therefore poHMible that the mercury 
va]>our carries with it the va|K>ur8 of other metals as w'hen substHiiceN are distilhHl in a 
current of hteara, or that the impure iiieroury is nu’x'hanically carncHl forward as spray. In 
order to detenmne which of tlie«t» iKiKsihilities is correct, meri!ury was nuxed with a nunilior 
of metals lead, bismuth, tin, soaimn. and cop|H*r' and tlie mixture distillwl lirst from a 
ponelain rt'tort and then reiK'aOsUy dlstlIh^d from a ^lass retort. Affci‘r twelve distillations, 
no traci' of residue remained in the )(laas retort, ami the distillate pave no residue when two 
grams of th<' riietnl were dissolviHl in nitric mill, the soln. evaporaksl, ami the rcsidmi 
calcined m a ueigluHl {tlatinuni disli. 

0. A. Hulett and H. 1). Mmcliin have shown that unless mercury is distilled in a 
current of air and with no bumping, the more volatile metals like zinc and cadmium 
are not removed. The distillation process, and various forms of mercury still have 
Wen recoimnended by L. C. Barroswil, W. I). Bnhm, H, M. Chance, J. W. Clark, 

L. Dunoyer, W. R, Dunstan and T, S. Dymond, F. Friedriclis, F. A. Gooch, G. F. llilde- 
brandt, B. Karsteii, B. liambert, K. Ijceds, L. Meyer, N. A. K. Millon, H. N. Morse, 

B. Nebel, J. Follak, F. J. Smith, A. Weinhold, J. Wetzel, A. W. Wright, ek. 

C. T. Knipp heated the mercury to be distilled by striking an arc b<*tween the surface 
of th(‘ mercury and each of two electrodes. The mercury was kept in vacuo, and 
the mercury m the interior of the glass vessel was in communication with that 
outside. G. A. Hulett recommended distilling the mercury at about 2CX)“ in a 
distillation flask so arranged that a stream of nitrogen or carbon dioxide was drawn 
through a fine capillary tube below the surface of the mercury, while the inti^rior was 
under a press, of 25 mm. An amalgam sat. with silver gave a distillate with one of < 
silver in 1, (XXI ,000 parts of mercury, and no silver could be detected in the sei^oiid 
distillate ; a gold amalgam likewise gave a first distillate with 27 parts of gold in 

1, (XX), (XX), (XX) parts of mercury, and no detectable amount of gold in the second 
distillate ; similarly, the first distillate of a platinum amalgam contained one of 
platinum in 1(X),0(X),<XX) parts of mercury. 

In the more strictly chemical method of purification, the mercury is converted 
into some salt and the purified product is reduced. Thus, C, F. Mohr heated purified 
mercuric oxide, and obtained a product covered with a film of reproduced oxide. 
This was purified by shaking with dil, sulphuric acid. G, N, Lewis and R. F. Jackson, 
and V. Meyer also obtained mercury from the purified oxide. G. F. Hildebrandt 
heated the purified sulphide or chloride with one part of lime or iron filings-^pretef' 
ably the former. 

Colloidal mercory.— If mercury be agitated with water, ether, turpentine, 
acetic acid (R. Bottger),*^ or various salt aoln,— calcium or ammonium cUoride, 
sodium nitrate, etc. (N. A, E. Millon)— aq. mercuric chloride or dil. nitric acid 
(F. B. Hofmann), garlic juice (M. N. Bonerjee), or if it be triturated with sulphur, 
antimony sulphide, sugar, grease, etc., even in vacuo, the mercury is converted into 
a grey emulsion— (sfAiops per w— which consists of minute globules of mercury 
separated by another m^ium. The particles coalesce by running together when the 
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madinm is withdrawn, bo that the mercaiy in the emuJgion ia not aioJbned mewuir— 
a subject diecuBeed by L. V. Brugnatelti, I. J. Proust, J. Bom, I. Wahs, 4s. 

V. Barensprung stated that some of the mercuiy in grey mercurial ointment 
is in the state of mercurous oxide — ^the older the ointment the greater the proportion 
of black oxide. By first extracting the fat with ether, the oxide can be washed from 
the residue by water acidulated with sulphuric acid. M. Donovan and K. Voit 
assumed that mercurous salts of the fatty acids were formed, but A. J. von Oettingen 
showed that neither mercurous oxide nor the fatty acid salt is present; and 
C. Barfoed showed that the finely divided mercuiy does not oxidise in air at ordinary 
temp. The grey powder is an emulsion consisting of finely divided mercury sus- 
^nded in the medium. J. Sen stated that finely divided mercury is grey not black. 
The particles of mercu^ in grey mercurial ointment cannot be distinguished by the 
eye alone, and, according to C. G. Ehrenberg, they are nearly uniform in siie and 
range between 0 001 and 0 002 mm. in diam. 

Colloidal mercury has been obtained by A. Westgren,** A. Schereschewsky, 
A. Gutbier and G. L. Weisc, I. Nordlund, J. Billitzer, H. Finger, L. Egger, and 
F. Haber, by electrolysis, or by cathodic disintegration. The preparation of the 
colloid by the action of liquid ammonia on mercuric chloride was described by 
W. Weyl,** and J . Broun ; by the action of aq. ammonia on a dil. sobi. of mercurous 
nitrate or mercuric chloride in 5 per cent, gelatine, by C. A. L. de Bruyn ; by the 
reducing action of hydrasine salts by A. Gutbier and G. Hofmeier,*7 R. May, 
and A. Lottermoser ; by hydroxylamine in the presence of sodium resinate, by 
A. Westgren ; hv the action of stannous salts by A. Lottermoser,^ M. Hohnel, 
J. L. Mewbum, J. Billitzer, and C, A. L. de Bruyn ; by the action of colloidal gold, 
by J, Weinmayr,» and G. Bredig and W. Reinders ; and by the action of salts of 
protalbiuio or lysalbinic acid, by G. Amberger,8o and M. K. Hoffmann. The latter 
reduced the soln. of a mercu^ salt by the action of dil. soln. of alkali hydroxide or 
carbonates followed by dialysis ; A. Lottermoser, with ammonium citrate ; J. Meyer, 
with sodium hyposulphite, NsjSjOi ; A. Gutbier, with hypophosphorous acid ; 
P. Pascal, with ferrous pyrophosphate ; F. Kiispert, with water-glass and formalde- 
hyde ; F, Henrich, with pyrogallol ; and A. Bering, with triglycerides; and 
li. N, McCoy and co-workers, by the electrolysis of cold soln. of tetramethyl- 
ammonium chloride in absolute alcohol, and a mercury cathode- the tetramethyl- 
ammonium amalgam decomposes when treated with water, forming colloidal mercury. 
The hyrgol of commerce is colloidal mercuiy containing 7^-80 per cent, of the metal. 
C. Foa and A. Aggazzotti studied the oxidizing action of colloidal mercury in the 
presence of hydrogen peroxide. I. Nordlund examined the properties of mercury 
hydrosols prepared by different processes. 
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§ 3. The Physical Properties of Kercury 

At ordinary temp, mercury is a coherent, mobile, silver-white liquid, whichi 
has very little tendency to adhere to glass. According to L. H. F. Melsens,! the 
colour of very thin layers of mercury in transmitted light is blue with a violet 
tinge ; and, accordifFg to F. P. le Roux, the vapour of mercury is blue. G. F. Hilde* 
brandt said that mercury has no odour, and that it schmerki tnHaUisch. H. B. Dixon 
found that chemically inert gasee may be conhned over mercury without any 
appreciable change in volume, showing that the metal is not permeable to these 
gases. M. Faraday's observation that gases could escape when confined in glass 
jars in a pneumatic trough over mercury has not been confirmed. Mercury 
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fteezes to a cryetalJine mass whicb, according to T. dea Condrea, ia anisotropic. 
L. Bleekrodo described the freezing of mercury by the aid of solid carbon dioxide ; 

B. Schwalbe used a mixture of solid carbon dioxide and ether. R. Walker stated 

that the frozen solid consists of octahedral and acicular crystals ; and that the 
crystalline mass is a ductile metal with a granular fracture. The crystals have not 
been so closely investigated as those of the other members of the zinc family of 
elements ; C. F. Rarnmclsberg stated that the solid metal has a cubical cleavage. 
According to N. A. Puschin, tin and cadmium amalgams crystallize in the 
hexagonal system, and the position of mercury in the periodic system with beryllium, 
magnesium, zinc, and cadmium, all of which form hexagonal crystals, makes it 
probable that mercury crystals will prove to be hexagonal. M. Volmer studied the 
growth of the crystals. N. Alsen and 0. Aminoff found that the X-radiOgnun of 
mercury at the temp, of solid carbon dioxide, corresponded with a hexagonal cell 
containing four atoms and having A,, and c~7‘24 A. The X-radiogram of 

mercury, taken by L. W. McKeehan and P. P. Oioffi, agrees with a rhombohcdral 
space lattice with an axial ratio o : : 1*94. 

The physical properties of mercury have been the subject of numerous investiga- 
tions, II. Frit?,* and A. Schulze have made collections of the physical constants 
of this element. The Arabic manusi^ript of Abu-r-Raihan, The Book of the Beet 
Thinge, written about the ttmth century, and described by H. C. Bolton, and 

J. J, Cl^incnt'Mullct, has a table of Specific gravity of 19 substances, and it includes 
liquid mercury, with a sp. gr. 13 58, which is very near the value accepted to-day. 
In the Arabian manuscript Book of the Balance, of Wvidom, written by Al-Khazini 
in the years 1121-1122 and described by H. C. Bolton, and N. Khanikoff, 
13'r)6 is given for the sp, gr. of mercury. 

U. I). Faiirt'nhoit 1.3 575 ; P. van Muschenbroek, 13‘550 ; H. Boyle, 14 000 ; 
H. Caverulish and M, J. Hrifwon, i3 5681 ; J. B. Biot and IX L. J. Arago, 13'588597 ; 

C. .1. H, Karsten, 13 5592; J. Crichton, 13-5G8 (16*5®); K. Si holz, 13 580; H. Schiff, 
13‘603 (12 ); V. Volkmann, 13-5953 (0'’); H. Kopp, 13-505 (O’); B. SU^wart, 13-694 
(IS-O'’) in vaono ; A. F. Kupff»T. 13-5880 (474'’), and 13-535 (2674’) ; A. VV. Warnngton, 
13-69503 at 0° ; .1. Biddle, 13 013 (107 ; A. Matthiensen, 13-673 (14-6") ; and H. Wild, and 
W. Idttrrk, 13-5950 (074"). 

G. Vicentini and D. Omodei found 13 69(12 at -'38’85'’ — i.e. for the liquid at 
the f.p. G. G. Hallstrom obtained 13*6078 (0°), and 12*810 at the b.p. ; and 
H. V. Regnault, 13*582 (5°-10'’), 13*570 (10M57, 13*558 (15°-207, and 13*59593 
at 0". 11. Lenz and N. Restzol! obtained the extremes 13*59869 and 13*59810 for 
determinations with thirt(*en different samples of mercury. M. Thiesen and 

K, Scheel gave 13*59545 at 0”. The best representative value of this mass of 
discrepant data may be taken as 13*596 at 0°. R. Walker found that the solid 
metal is specifically heavier than the liquid because it sinks therein. J. A. Schultze 
gave 14*391 for the sp. gr. of solid mercury ; G. G. Hallstrom, 14*333 at —40® ; 

J. Biddle, 14*485 at —60®; J. W. Mallet gave 14*1932 for the sp. gr. of the 

solid at —38*85®, water at 4® unity ; J. Dewar gave 14*382 for the sp. gr. at 
the temp, of liquid air, say —188®. By extrapolation from the average of 36 
determinations of the sp. gr. of solid amalgams, J. P. Joule estimated the sp. gr. 
of solid merc'ury to bo 15*19. A. W. Warrington gave for the vol., r, at a temp. 
6^t not exceeding 40®, v=rQ(l-f-0*0CX)1811&). P. Chappius represented his 
TueasurementH of the vol. v at ^® for temp, below 0®, by v—Vo(l +1*815405x10”^ 
+1*195130 Xl0~»tf *+1*00917 Xl(rio^»-2‘03862x 10-8^); and for temp, above 
0^ +1*816904 Xl0”^6 -2*951266 Xia^*+l*14562x4r where 

represents the vol. at 0®. J, Bossoha gave r— jjo'OWisotts j yf Mallet gave 

14*193 at its m.p. ; and J. Dewar, 14*382 at the temp, of liquid air. M. Thiessen, 

K. Scheel, and L. Sell represent their results by 

»=«V)|l +0-018161 J^+0000078( j^)’| 
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T«b]fl8 I aod'^ll^ nspectiTQly denoting the sp. gr. and tp. vol. of mercury betwoea 
*>'90'* and 360°, aie compiled from the results of M. Thiessen, K, Scheel, and L. Bell 

XAftLB I.— THK STKCITJU OeAVITY or LIO^UD Mxiu rsv BKTWiUCN -SO* AM) 360* 
(Sracmc' Gravity or Watkr at 4“ Umtv). 
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Tablk U.—Thk V'OLI'ICK or Lkjoid Mercury bktwkkn - 20 '’ ani> 300 “ (Volume 
or Watkh at 4 ’ Unity). 
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-e.j 7 . the sp. gr. of mercury at 250° is 12*9975. L. P. Cailletet, B. Colardeau, and 

A, Riviere gave for the sp. gr. of liquid mercury at high temp. (Fig. 4) : 

500* soo* 800* wr lootr iioo* laoo* i 270 ’ ism* 

8p.gr. . . I2'6 12 16 11 6 11 16 10 56 10*0 8 86 8 26 7’8 

A C Cousins, A. f. Hopkins, R. Ijorcns, and E. Donath and J. Mayrhofer haw 
discussed the relations between the sp. gr. and at. vol. of mercury with those of the 
other element*. J. N. Bronstcd and G. von Hevesy observed no raewurable 
dhSerence in the sp. gr. of mercury of different geological and MograMioal origin. 

The vapour doniRr of mercury, air unity, has been mcasurea by A. Bmeau, who 
gave 8-7 (882°); J. B. A. Dumas, 6*9X6; B. Mitocherlich, 7 03 ; when the 
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theoretical value for the mol. wt. 200 is 6*93, and L. Troost obtained this value at 
18*5®. V. Meyer obtained r97{H2=2) at 1500° ; and 2*02 at 1731°. C/oncordant 
results were obtained by A. Scott, H. von Warten^r^j, H. B. Baker, W. J. Kurbatoff, 
and F. B. Jewett. J. Bender gave for the vap. density, water unity (Fig. 4) : 

1050* 1210* 1230* 1205* 1330* 13S0* 

Vapour donMity . . i>-7() 116 1‘36 TBS 1 90 2 60 

C, T. Heycock and F. H. Neville estimat^'d the molectUar weight of mercury from 
the f.p. of soln. in sodium, cadmium, tin, lead, and bismuth, M. N. Saha gave 
0*69 A. for the at. radius of mercury. 

J. R. Rydberg^ gave 1*5 for the hardness of mercury, and J. C. Bull and 
E. M. Lagerwall found that a little mercury introduced as lead- or tin-amalgam can 
he used to modify the hardness of some alloys. The surface tension of mercury 
has been the suliject of many investigations. For mercury in air, P. S. de Laplace ^ 
found 44 05 mgrms per mm. ; S. f). Poisson, 44*21 ; F. Basforth and J. C. Adams, 
34*00 ; P. Desains, 45*97 (20°) ; J. Magic, 45 82 (20°) ; E. Sieg, 46*44 (20°) ; 
M. Cantor, 45*89 (20'’) ; L. (Irunmach, .50 falling to 40 (18°) ; G. Quincke, 45*78 
(20°) ; If. Siedentopf, 45*40 (20°) ; and G. Meyer obtained the extremes 43*08 and 
51*5 (18°) ; H. Seutis, 39*23 (20°) ; J. Htdckle, 44*40 (17°) ; P. I^mard, 47*10 
(20°) ; J. Piecard, 50*(X) ; L. Matthiessen, 48*3 (20°) ; M. Smith, 53*9 (20°) ; and 
A. Kaliihne, 44 (18°). R. (Vnac, J. L. R. Morgan, E. Kothc, and C. T. R, Wilson 
have also di.scuHS('d tlie measurement of this constant. The results are. not very 
concordant, the observations are, very sensitive to im])Urities on the surface of the 
mercury. W, D. Harkins and E. II. Grafton obtained 464 dynt's in air, and 374*8 
dynes in water ; and S. W. J. Smith gave 447*5 dynes ])er cm. at 15°-17°. J. Palacios 
found 402 dynes per cm. for specially ^mrifu'd mercury in vacuo. The value for 
this constant with fresh surfaces of mercury is gr«“at(T in some gases than in air. 
J. Stockle, and G. Meyer found at 15°, 14*4 mgrnm. per mm. in vacuo ; 48*8 to 
51*5 in air; 48*7 to 51*4 in oxygen; 49*8 to .'>0*5 in nitrogen; 47*9 to .56*5 in 
hydrogen ; and 49 0 to 49*6 in carbon dioxide, J. G. Popesco examined the effect 
of ammonia, and of sulphur dioxide on the surface U'lision of mercury, and 
concluded that the (‘ff(*cts are <lue to the adsorption of the gas by the mercury ; 
J, I’alacios and E. (iUSjila found no difference between the effect in oxygen and 
in vacuo, T’he surface Omsion of mercury in gases decreases with time untd it 
approximaU'H to the value it has in vacuo. This change is not due to tlie formation 
of a lilm derived from the vapour of a fat, but rather to the condensation of gas 
on the surface of the metal. The best representative value for mercury sat. with 
air lies between 44 and 46 mgrms. per mm. A. M. Worthington found the surface 
tension between mercury an<l water to be 377 dynes per cm, ; G. Quincke and 
M. Ijcnkewitz gave 370. A. H. Bucherer found the surface Umsion of mercury is 
decreased in a soln. of a mercuric salt. G. Quincke, F. R. Watson, M. Lenkewitz, 
0. M<‘yer, L. Gruniuach, F. Paschen, A. Gouy, H. Pellat, A. Borget, 0. Wiedeburg, 
A. Kdnig, S. W. J. Smith and H. Moss, F. Kriiger, H. Luggin, G. Lippmann, 
J. J. van Laar, G. Kucera, G. von Hevesy and R. Lorenz, W. Nernst, etc., measured 
the effect with a number of soln. of acids, alkalies, and salts ; and also with a 
number of liijuids. Thus, in mgrms. per mm. at 20° 

Wiii^ir. Bonumo. Olive oU. Prtrolomn. Amyl alcohol. Turpentine. 

37*47 37-33 .33-6 31 0 2ti0 26 6 234 

The lowering of the surface tension follows the order : sulphuric acid, salicylic 
acid, picric acid, and neo-fuchsino, and the adsoqttion from the soln. increases 
in the same ortler. W. C. McC. Lewis investigated Gibb’s equation for adsorj)- 
tion by mercury ; R. W. Wood studied the damping effect of castor oil and 
glycerol on the surface waves of mercury. G. Jiiger represented the effect of temp, 
on the surface tension, a, of mercury in air by CT=ao( 1—0*00013^), where oq is the 
value at 0° ; and H, Siedentopf gave 0*000351 for the temp, coeff. M. Petrowa 
fovmd no measurable difference in the curvature of a globule of liquid and of solid 
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T. R. Hogneiw gave (7==467-H)(M:M^4'39)--0()00386(<?+39)* for the 
surface tension of mercury at W. Ilageuuinn gave a -472’ 1 ()'()CH)344^* 

dynes per cm. ; and for the mol. surface energy k ~d\ T{MjD)^\ldB. 

20* 74'5* W* u«' 1»5* 252'’ 2Vi* SM* 

k . . . 0630 0871 0984 1 197 1 423 1085 1012 2 170 

The association faetpr v'aries from 11, '43 at 2<1"’ to 10 at .340'^, in agreement with 
C. Lielsmoflf, who said : Liquid inen urv is an alloy of numatomic and jwlyaUuuic 
mercur)’ mols. in which the former predominate. For the CftpilUury COOftAIlti 
0. Quincke gave rt*~8‘234 per s<j. mm. ; L (iriinmach, (>0ll and 7 39 ; J. Stdokle, 

6 548 : and 8. W. J, Smith, 6 725. W. 1). Harkins and K. 11. (Irafton mcasun'd 
the a<lhesion of menurv with organic liquids; and T. In‘dalc al.so made ohserva- 
tioiiH on this subject. (\ A. Refta‘r and R. Siiwingh measured the thickness of 
surface lilrns of smoke, air, and oil on mercury. 

The eiirious el^v'troeHpillarj' proj>er<iefl of inoreur)' -intljeHUxi in 1. 16. 3 hiive hinm Uio 
guhjw't of many mve'<tmafion'^,* snd they hnvo l>o«n utili/wl by (J. Lip]un>uui ’ ami others 
in the cocininK tion of tho Ko-eiilhxl eupillary rl«M‘tn)motor, and of iho drop elix lwiinoter 
K. Woltor moasiiml tho ekvtne chatyoon <lropl»ds of inorciiry at pronj of one lo nine atm. 

Th(‘ nq)ort4*d values— by N. Kasterin, C. Maltezos, and those indicated in con- 
nection with the surface tension -for the specific cohesion of mereury vary from 
a*.;:=r) 8 per sq. mm. of H. Sentis to 8*51 per sq mm. of G. Quincke, and the best 
representative value approximat^'s to 6 75. J. Stdekle gave 6 518 for n* against 
mercury vapour at 15® ; G, Quincke, 8 234 against air at 77'5"^ ; G. Mi'ver, 7 ()<l at 
18® against air ; 7'58 against oxygen ; 7’58 against nitrogen ; 7'.33 against carbon 
dioxide ; and 8’33 against hydrogen. M. L. Frankenheim an<l K, Bondhaus gave 
for the value of a*™ lOod'^ •-O tK>,5790, at $ ' between 13 6 ' and 96 4"; and 
a^^3-9782-U‘0O529^ between 1(171)" and 1 16 V\ H. Siedentojd gave 0 (KM)185 for 
the temp coefT. of the spoeilie cohesion. 

T. Ijoliiustcin, and ,1. K. Verw haffelt have investigat'd the theor»’ti«'al curvature 
of the mercury meniscus. K. Beheel and W. Heuse, J. Palai ios, J. F. VersehafTelt, 
11. (bickel. and L. W . Winkler studied the corn'ctions necessary in allowing for the 
volume of the meni.scus during measurements of volumes, et'. K. St'heel arid 
W. lleu.se, and J. Palacios have measured the volume of the mercury meniscus in 
tubes of ditlcrent diameter, 3'hc results of tlie latt>r are. indicated in Jable HI. 
If a substance under dil. sulphuric acid be brought on a surface of mercury, 
K. Bchaum, and A. Thiel showed that thert* is a movement in cons^Mjuenci’ of tho 
electrocapiliary ai'tion — vuh infra — and J, BemstMii found tliat if a crystal of^ 
potassium dichromate be in the vicinity of a globule of mercury under nitric acid, 
there is an irregular change of form in conscqucnc/c of the oxidation of the men ury 
on one side and the dissolution of the oxide. S. K. Williams studied the effect of 
a magnetic field on the meniscus. H, von Kuler and G. ZiinnnTlund studied tho 
effect of the outflow of mercury into a sriln. of mercuric nitrat«*. 

B. Villari® found that the velocity of flow of mercury from capillary tubes below 
0*3 mm. diam., is in general inversely proportional to the length of the tube and 
proportional to the square of the radius. C. E. Fawsitt stated that the VUOOiity 
of mercury is nearly twice as great as that of water. G. D. West investigated the 
motion of a thread of mercury in a glass tulw*. E, Warburo found that at 17‘2 , 
the viscosity cneff., n, is 0 01^)21 grm. per cm. per wic . ; T. 8. S(;hmidt, 0*()1543 
at n r ; A. Umani, 0 01577 at 10®; E. von Schweidler, 0 01684 at ()'\ 0 016(99 
at 13-5®, 0 01.589 at 20®, and 0 01483 at 40®, S. Koch gave : 

-21'4’ • 0* lO l* 10 7* W’ lOS"' 2S2‘ 340 1* 

t) . . 001868 0 01688 0-01620 001575 0-01227 O'OlOlS 0009499 0 008975 

and he represented his obfwrvations by =0 01 6969 —0'0466052r>6^ -f 0 0^2084 71? • 
-0 0»2455d3. K. F. Slotte gave iy(l -H)'003665) =0 01693 ; and A. Batscbinaky, 
constant, where T is the absolute temp. M. Pliiss, and ,T. B. P. Wagsteff also 
measured the viscosity of mercury. Acc4)rding to E. C. Bingham and J. P . Harrison, 
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the fiaidii7» ».«. the reciprocal of the viscosity, is a linear function of the temp. 
8, Koch gave ij~0’000622 for the viscosity of mercury vapour at 370° ; 0*000162 
at 0° ; and at 6° he obtained i2=0'000067*fO-00(X)0155^, between 270° and 380°. 
These numbers were confirmed by A. A. Noyes and H. M. Goodwin, and 
H. B. Phillq)8, and used by 0. B. Meyer to calculate the molecular speed and 
collision frequency of the molecules. M. Knudsen, and 8. Weber regard 8. Koch’s 
values for the viscosity of mercury as inaccurate. W. 0. McC. Lewis gives 12,645 atm. 
for the internal pressure of mercury at 0°. The coef!. of diffusion of a number of 
metals in mercury has been measured. M. von Wogau found for lithium, I;=0*66 
(8*2°) per sq. cm. per day ; sodium, 0*64 (9*6°) ; potassium, 0*53 (10*5°) ; rubidium, 
0*46 (7*3°) ; cajsium, 0*45 (7*3°) ; calcium, 0*54 (10*2°) ; strontium, 0*47 (9*4°) ; 
barium, 0*52 (7 8°) ; thallium, 0*87 (11*5°) ; tin, 1*53 (10*7°) ; lead, 1*50 (9*4°) 
and 1*92 {99*2°)-G. Meyer gave 1*37 (15*6°)-zinc, 2*18 (11*5°) and 2*90 (99*2°)— 


Tahlk III . - VoLUMKs OK Mkrcurv Meniscuhes in Cub. mm. 


Uailitu of tube In min . 


Height In nun . 






G 

6 

7 

s 

0 

10 

11 

Oi 




4 0 

6-6 

0 6 

13-1 

17-2 

21-0 

27-2 

0-2 




8-2 ; 

13*2 

10-3 

26-4 

34-6 

44-0 

64-6 

03 




12-6 1 

10 0 

20-0 

39-8 

62-2 

66-3 

88-2 

0-4 




170 1 

26*8 

300 

63-3 

70-0 

88*8 

UO’O 

0/5 




21*5 1 

330 

401 

67-0 

87-9 

111-0 

138-0 

06 




26-2 

410 

69-3 

80-9 

106-0 

1 . 34-0 

167-0 

0*7 




3 10 

48*3 

00-6 

04-0 

124-0 

167 0 

106-0 

o-s 




360 

66-8 

80-1 

109-0 

143-0 

181-0 

224-0 

00 




41 0 

03-3 

90-8 

123-0 

161-0 

204-0 

263-0 

10 




4 ( J'2 

710 

101-0 

138 0 

180-0 

228-0 

282-0 

M 




61 6 

788 

112 0 

162-0 

109-0 : 

261-0 

312-0 

1*2 




600 

80-7 

123-0 

167-0 

218-0 

276-0 

342-0 

1*3 



_ , 

02-6 ' 

04-8 

136-0 

182-0 

237-0 

300-0 

372-0 

1'4 




08-2 : 

1030 

1460 

197-0 

267-0 

324-0 

402-0 

1 5 




740 

111-0 

157-0 

212 0 

276-0 

349-0 

433 0 

ro 




700 

120 0 

' 169-0 

228 0 

296-0 

373-0 

463-0 

1-7 




86-0 

128-0 

181-0 

243 0 

3160 

399-0 

494-0 

1-8 




001 i 

1370 

103-0 

259 0 

336-0 j 

424-0 

626-0 

10 




; 


205-0 

276-0 

366-0 1 

440-0 

667-0 

20 




i 


217-0 

201-0 

377-0 j 

474-0 

689 0 

21 







307 0 

397-0 

' 600-0 

621-0 


G. Meyer gave 2*09 (15°)— cadmium, 1*45 (8*7°) and 2*96 (99 1°)— G. Meyer gave 
1*56 (15°)-~W. C. Roborts-Austtm gave for gold, 0*72 (11°). 

8. Koch gave 17,000 cms. per sec. for the molecular vdodty of mercury vapour 
at 0° ; 344 X 10“8 and 1640X 10“® cms. for the mean free path respectively at 0° 
and 300° and atm. press. ; and for the siie of the molecules 67,200 and 14,130 
sq. cms. for the total sectional area of all the molecules in 1 c.c. of gas respectively 
at 0° and 3(X)° and atm. press. K, F. Slotte. calculated the edge of the molecular 
cube of liquid and solid mercury to be 7*3x10^ cms. H. 8. Hatfield estimated 
that the radius of an atom is not greater than 1*9 X KT* cms. ; 8. Koch, that it is 
equal to or less than 0*19 Xl0~* min. at 0°; and J. Bernstein, from camllaiy 
phenomena, assumed the diameter of the mol. to bo fi’lSxlCT^ mm. A. Henry 
calculated a molecular diameter 3*48 xio*''^ cms. and J. Perrfn, 3*46 Xl0~^ cms. 
W. Vaubel has made an estimate of the number of atoms in unit vol. A. A. Noyes 
and H. M. Goodwin say that the mean diameter of the mol. is nearly the same ae* 
that of the carbon dioxide mol, and 2*5 times as great as that of the hydrogen 
molecule. A. Heniy calculated 66*6x10" for Avogadio’s number ; J. Perrin, 
67*8x10”; and H. Zangger, 62*5x10**— in the latter case the values ranged 
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iiom&d^ TXlO* It C. I>e«rb» M. VoboAT, And A. Teienm made «oim 
M to the structure of the atom of mercury. W. R. Fielding said that mercury at 
its oLp. is more polymerixed in the liquid than in the solid state, F. Skaupy found 
an appreciable diasMiaiion into ions and electrons by metals dissolved in mercury. 

J. Dewar* found the hcMddnc stien of a cast mercury rod 0’3 in, diam. at 
—182'' is 31 lbs.— about half the value for lead at ordinary temp. A. Braun found 
that solid mercury can be hammered and rolled, and that it is more dofitOi than 
gold and lead. The tmiile ftrsngth of mercury is the greatest stress per unit area 
which a column of mercury can support without rupture ; thus, if the mercury 
ooluiim is ruptured when it ia A cm. longer than the height of the mercury 
barometer, the tensile strength— A X 13*65x981 dynes per «q. cm. — vide L 9, 3. 
The f>oni|trfiifihilffT of mercury is smaller than that of any other liquid which 
has yet been measured. T. W. Richards and co-workers found the coeC 
of compressibility, /3, between 100 and 500 megabars press., to Iw ()*(X)000395 at 
20“ ; P. W. Briugman found 3‘79xlO~* kgmis. per sq. cni. ; W. C. McC. Lewis, 
1*30x10"* at 20°; H. V. Kegnault found 3‘517xlO"*; M. Aniaury and 
Ct Descamps, 1'87 X 10"* ; E. H, Amagat, 3*92 X 10"* ; 1). Oolladon and C. Sturm, 
3-4x10-*; G.deMetr, 3*74x10"*; L. Grassi, 2 95 x 10"* ; P. G. Tait, 3*6 X KT* ; 
C. E. Guillaume, 3*9x10"*; M. Langlois, 1-894x10“*; and G. Aime, 3-9xl0~* 
kgrms. per sq.cm. E. Madelung and R. Fuchs gave 3*860x10 "*±0*004 dynes 
p(‘r sq. cm. Much of this work is inaccurate ; J. 0. Jaiiiiu’s n'sults were 60 jkt 
cent, too low. In all cases the range of press, was comparatively small, 
E. H. Amagat, and P. Carnazri worked up to 3000 atm. L. Troost found that the 
compressibility of the vajiour at about 440°, is very near that of air. P. Caruawi 
found that the coef!. of compressibility of mercury at 23° is 3*7x10"*, and that 
the coeff. increases as the temp, rises, and fur any giv(‘u temp, diminishes as the 
press, increases. F. Dolezalek and F. Spidel found for tin* coeff. j3 X 10* at different 
temp, per atm. : 

B . . .0'’ lUO"* 200® 300® 400® 600® 

jSxlO* . . 3*70 4 17 4 «4 All ASS A05 

and at 24*6° and different press, p, per sq. cm, ; 
p . .92 264 

jSaIO* . . 100 3117 

showing that the dependence of the coeff, on 
press, is very small. P. W. Bridgman found 
that at 22°, the changes in vol. 8v for press, p 
up to 12,000 kgrms. per sq. cm. were fairly 
closely follow^ by the formula bv=ap 
-fhp*, where the constants a and b are 
obtained from log a— 4*5911— 10; and log 
(— 6)=9*7782— 10. He gives the results 
indicated in Table IV and Fig. 2, for the 
vol. of mercury at different temp, and press. 

The effects are nearly constant over the 
entire range of press. ; neither the com- 
pressibility nor the dilation changes 
markedly ; and the lines bounding the 
liquid and solid stated are nearly parallel. 

Consequently, any reversal of the ordinary 
effects and the appearance of any critical 
points are outside the range of the diagram, 
linie results resemble those obtained with 
other compressible liquids. The compres- 
sibili^ and dilation both decrease with rising 
press. ; and, as usual, the effect of rising 
temp, is to increase the compressibility. 


409 532 6A2 

3-94 3 91 301 
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The thermal expansion of mercury was measured by G. D. Eahmnheit in 
1672 ; and by A. L. Lavoisier and P. 8. de Laplace in 1781. The former obtained 
1'0161 for the volume occupied at 100® by unit vol. of mercury at 0® ; and the 
latter obtained 10175. These numbers make the coeff. of thermal expansion re- 
spectively 0 0001 61 and 0 000175. In 1818, P. L. DuJong and A. T. Petit obtained 
0'0001802 for the coeff. between 0® and 100® ; 0 0001843 between 0® and 200® ; 
and 0 0001887 between 0® and 300®. Since then many observations have been 
made hecatm an accurate determination of this constant is of importance in the 
many applications of mercury, and more particularly in thermometry, barometry, 
etc. In 1847, H. V. Regnault repeated P. L. Dulong pnd A. T, Petit’s work, and 
obtained the coeff. 0 0001815 between 0® and 100° ; 0 0001840 between 0® and 
200°; and 0 0001866 between 0® and 3(X)®. He represented the coeff. of cubical 
expansion, a, at d® between 0® and 300®, by a=^0 00017905+00000000504d. 
J, Bosscha made a critical study of H. V. Regnault’s observations. H. Militzer’s 
value a--0’000l74 between 1'5® and 22® is too low. A. Wii liner represented 


Tahlk IV. Tiik Voi.umk ok Mercury at Dikkerent Temperatures avd 
1‘rkssures. 
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99280 
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98743 
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98403 



98077 
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008485 

0 03418 

0 03388 
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3710 

5670 


i 0* 

1 

10" 

20" 

! 1-00000 

1 00181 

1-00362 

0-99626 

0-99799 

0-99972 

99261 

99428 

99593 

98905 

99067 

99232 

98561 

89719 

98877 

98231 

98385 

98540 

97914 

98065 

98216 

97607 

97756 

97904 


97461 

: 97608 


97182 

97327 


96915 

97069 

96806 

96667 

1 003337 

0-03243 

003142 

i 

7640 : 

9620 1 

11600 


his results by a =-=01^181 163+OO7ll554^-fUOio2H870^ G. Reckiiagel, by 
a=0 03l8018-| O Oa94d-fO Oio50* ; and H. L. Callendar and H. Moss, their results 
by aXlOio-18()r>5534-12444(^/l(X))-p2r)39(0/l()O)>-^^^ less exact work, the 
latter used the linear equation a--0’()(X)18(X)6-f0()(X)()00028, and W. E. Ayrton 
and J, Perry showed that between —39® and 0°, a varies linearly with temp., 
and M. Thiesen and K, Scheel gave axl0«=(181792+0*175^-|-003r)116d»)! 
Measurements have also been made by P. de Heen, L. Levy, A. Mahlkc, 
W. Herz, D. I. Mendol^eff, and G. Leonhardt. G. Yicentini and D. Omodei 
found for the expansion coeff, of the sobd metal 0 0(X)179 ; L. Grunmach gave 
0 000123; and J. Dewar gave 0 0000887 for the mean coeff. of cubical ex- 
pansion between -188® and 17®. H. L. Callendar and H. Moss represented 
the vol. t', at 6®, by v=ro{l+000002385^4-00000000131(d-l()0)2d| ; and 
M. Thiesen, by e == t’o(l -|-0*(\jl81826 -f*0‘0g78d*) — vtde sp. gr. K. Scheel and 
W. Heu8t\ and N. Eumorfopoulos claimed that the results by H. L. Callendar 
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And H. Mora are a little low. H. Thiraen and K. Seheora valora for the mean 
coeff. of therntal expanaion of mercury between 0*" and 360® are indicated in Table V. 


Tablk V. Meak C’oKrnciKNT <>r Thermal KxeAssioN or Mkrcchy bktwkkn 
0" AND 3ti0'’. 
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i 
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10 
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18224 
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20 
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18360 
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18160 

18480 

30 
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18544 
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1850 1 
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P. W. Bridgman found that the 0(unpreHMil)ihty decreaaes iuor<‘ rapidly the )iiji;her 
the a« nhown in Table 111; P. CarnuEzi’a meaaurenieiitH on the eflfeet (d 

J)re8t5. between 1 and .'VKK) atm , and temp, between 52 H' and I'Jl 8”, on the coetT. 
of expaiiHion of mercury, are induated in Table VI. F. Ibdfiminn and W. Meiiswner 


'I’ahi.e VI. KrrEcT oi Thkhsche ano Tkmpkhati’Uk on Tin (’okkj n m.nt ojf- 
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iVsK utin. 

.V2 H- 

1 101“ 

j 1M»3" 

101-8'’ 

1 

0-(8MH800 

i 

; 0(88)1817 

! 0 0001827 

0(88)1830 

10(KI j 
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1 1785 

1781 

1782 

2(8 K) ' 

1602 

1 1752 

i 1723 1 

17.32 

.3188 > 

t 1 . 1 ^ * 

ir.74 

1721 

; 1651 
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found the mean coetl. of e.xpaimion at and prenn. y atm. between ]<)()" and 
to be 18181x10-6 1317 Xl0-«t? Hi l»3xl(rii^2_y.2xBrif>f?3; and between 
200" and 1 182'22 X 10“«-f I'dl X lo ‘♦t? f3 j 1_4.7 

Xl0-»%-l)-l-7xl0-«(p~l);. 

The thermal conductivity of mercury wuB first measured by A. J. Angfltrom 
in 1864, and he found the absolute conductivity at fiO® to be 0 0177 cal. per cm. 
per sec. per degree. R. Weber found 0 0107 at 25® ; A, Berget, 0 02015 Ix'tween 
0® and KK)®. Measununents have also been made by A. Berget, and H. R. Nettleton, 
0. OehlhofT and F. Neumeier found for the thermal conductivity A between —193® 
and 149'4® : 

-103“ - 784* -37 2“ 20 7“ -0“ 27 0“ 00“ 140 4* 

L . . . 0116 0 0776 0 021S 0 0233 0-02-18 0-0276 00340 003H5 

The results are plotted in Fig, 3. A. W. Porter and F. Simeon found the ratio of 
the thermal conductivity of mercury in the solid static to that in the licpiid state 
is 3*91. Since the electrical conductivity of mercury decreases with rise of t<unp., 
H. Herwig sought if this also ap|died to the thermal conductivity, and found 
that the heat conihictivity remains constant between 40® and but this 

does not appear to be correct. H. F. Weber represented the thermal con- 
ductivity A at d® by A-~-001479*fO*000083d. A. Berget obtained a negative 
temp, coeff. — 0'00I267 between 0® and 100®, and ~0'00045 between 0® and 
300®, in accord with G. Wiedemann and R. Franz's rule. A. Hirschi found 
indications of a change in the thermal conductivity when an electric current is 
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pMung through mercury. A. Schleieimacher reported the thermal conducttr^ 
of mercury vapour at 203° to be 0*00001846, and to be independent of varia- 
tiona of presa. of 3 to 10 mm., and the temp, coeff. ia 00074. 

P. L. Dulong and A. T. Petit 
found the SPOC&C hMi of mercury 
between 0° and 100° to be 0*0330, and 
between 0° and 300°, 0*0350 ; H. V. Reg- 
nault found 0*0282 between 5° and 
16° ; 0*0283 between 10° and 15° ; and 
0 0290 between 15° and 20°. H. V. Reg- 
nault’s values are too small, and 
P. L. Dulong and A. T. Petit’s con- 
clusion that the sp. ht. of mercury 
increases with a rise of temperature is 
not in agreement with later observa- 
tions. According to A. Winkelmann, 
the Bp. ht. of mercury, unlike that of 
many other liquids, decreases with a 
rise of temp., and he represented his 
results at p° between 19° and 142°, 



Fio. 3. - Thermal Conductivity of Mercury 
— Solid and Liquid. 


by c=0 03336-() 0000069d. 0. Petterson found c=-0 033266-0 0000092d ; and 
A. Naccari, found c=:=0 033277 - 0 0000053432(0 17) + 0*000000001667(0 - 17)* 

between 12° and 228°. H. T. Barnes and H. L. Cooke obtained c~0‘033458 
— O'{XX)OlO740-f-OO(XXXXX)3850* between 3° and 84°. The mean values of 
A. Winkclmann’s, A. Naccari's, and J. Milthaler’s determinations are : 

0* 20" 40" 00" SO" 100’ 140* 180’ 200" 

c . 0-03333 0-03310 0 03304 0 03290 0 03276 0 03262 0 03233 0 03203 0 03180 


A. Naccari obtained 0*03235 at 200°, 0*03226 at 220°, and 0*03217 at 240°. 
W. J. KurbatofE found the mean sp. ht. between 0° and 306° to be 0*0325 to 0*0331, 
which is much smaller than the result— 0*03731— which he obtained six years 
earlier. H. T. Barnes and H. L. Cooke’s value for Cp at 0° is 0*03346 gram-cal. 
per gram, or 0*4549 gram-cal. per o.c. F. Simon gave C>= 2*252 at 18*7° K., and 
6*863 at 231*8° K. 

The ratio of the sp. ht. of liquid mercury at 0 to that at 0° shows the 
same results another way. The mean values of A. Bartoli and E. Stracciati's, 
A. Winkelmann’s, and H. T. Barnes and H. L. Cooke’s observations are : 

(7*p/c, Cpp/Cp c-„yc, 

0-9967 09933 09903 09863 0-9826 


F. Koref obtained 0*0334 for the sp, ht, of liquid mercury between —35*6° and 
3*4°. H. V. Regnault found the sp. ht. of solid mercury between —78° and —40° 
to be 0*03192 ; and therefore, like other substances, the sp. ht. of mercury is greater 
in the liquid than in the solid state : 

Water. Lead. Mercury. Sulphur. Calduin chloride 

(hydrated). 

Solid . . 0-602 0-0314 0 03192 0-2026 0 346 

Liquid. , 1-000 0 0402 0 03330 0*2340 0-666 

P. Nordraeyer and A, L. Bernoulli found 0*0324 for the sp. ht. of mercury between 
-185° and 20° ; F. Koref, 0*0329 between -77*2° and -^1*8° ; H. Barschall, 
0*0320 between -183*3° and -71° ; J. Dewar, 0*0232 at -223° ; and F. Pollitier 
found for the sp. ht., c, and for the atomio heat : 

~2ll-6* -ISS* -M’ -40* -37" -JO* 

e . . 0-02670 0 02715 0 028276 0 03260 0 03475 0 03490* 0 03546* 

At. ht. . 6-340 6*430 6-696 6*620 6*960 6*98* 7*09* 
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The aumbers with the asterisk refer to liquid mercury, the others to the aoltd. 
Other observations have been made by M. Laiiglois, F. Weber, J. K. Brbnsted, 
A. 8. Russel], and C. Cantoni. According to A. Kuckeu, the at. ht. for liquid mercury 
at cr' is C,=5‘9, and Cj,— 6‘7 ; at KjO*", r,,“-G r>9 ; and at 2(>U‘ , G‘G3 ; for solid 
mercury at —40'^, CV-=5‘95, and C^--G’7. Alnive the m.p. the so. ht. of mercury 
has thus a negative temp, cocff. as H. T. Barnes has shown. E. Heilbom deduced 
for an element with monatomic molecules the ndation betwi*eu the sp. ht. and 
temp., the expression c— Ci,e *, where v denotia the sp. vol. which can b<? calculated 
for liquid mercury from J. Bosscha’s formula, or the observed values can be used ; 
and =0 03(14 12, the sp. ht. at O'". The agreement between the observed and 
calculatt'd values is satisfactory. L. Sohneke applied E. Heilboru's formula to 
other metals. P. W. Bridgman calculated values for the dillereuee of the two 
sp. ht.of mercury, ( \—t\, from (27), 2. 13, 1 and nnuie observations on the iiiHuence 
of press, on the vol. of mercuiy ; and he likewise calculated the influence of presrurc 
on the 8}). ht. of mercury from the thermodynamic relation (dtp/dp),. 

= “ J(d^c/d7'*)^, ; w’ith Cp expressed in ergs per c.c., and p m dynes, {dVpfdp)^ 
-- -0 00<.KX>63r) ; and with Cp in gram-cals. and p in kgrrns. per c.c., — O l)UO(XX)154. 
This variation is small, and corresponds with about ^ per cent, for 7(XX) kgnns. 
Exjiressing the press., p, in kgrms. per c.c., and the sp, ht. in graiii'cals. for initially 
unit vol. (13 r)‘J(} gnus.), the values of Cp and C, at U'^ are : 

p . . 0 1(X>0 2(K>0 :KM>0 4(KX) 5000 COOO 7000 

<\. . 0 4549 0 4547 0 4540 0 4514 0 4543 0 4541 04540 0 4538 

r„ . 0 4003 0 1035 0-4050 0 4003 0 4073 0 4073 0 4077 0-1079 

lienee, while Cp decreiises with an increase of press., (’t incri'ases, and the inen*ase 
is more rapid than the decrease. According to F, Bielmrz, the sp. ht. of solid 
mercury is about four times os great as when the im^rcury is in the gaseous Btat.<*. 
A. Kundt and E, Warburg found the sp, gr, of mercury vapour at eonsiant vol. to 
bet) 1027, and at constant press. 0'0245 ; and the ratio of the two sj). hts. to ho 
1 GG(). K. C. Toliiiau gave 411 for the entropy of mercury at 25''. 0. N. I>3wis 
and co-workers found 41'51 (gas), 17 8 (liquid). 

Th(* freezing of mercury was first report<‘d by J. A. liraun,*^ in 17(X), and 
discussed lu his paper : Ik admiramlo frujore arttjimili tjuo nurcurtm seu hydrarfjyriis 
eM congeluius, H. Cavendish gave —39 38" for the melting point or rather the 
f.p. ; T. Hutchins, --3'J'44" ; H. V. R<*gnault, -~38'5'' ; G. G. Person, —39" ; 
G. Quincke, —40’’ ; J. Tinimeriuans, —38 ti5" ; F. Henning, — .'i8'89'' ; F. G. Keyes 
and co-w'orkers, —38 90°; K. Scheel, —38 89; and G, K, Burgess, ~38 7°,* 
with an uncertainty of about 01°. A. Murcet made some observations on this 
subject. W. Gucrtlcr and M. Pirani give — 39 7° as the best representative value. 
According to G, Tammann, the m.p. is raised 00054° per kgrm. pressure per 
8(]. cm. P. W. Bridgman found the f.p. of mercury under various press, p in 
kgrnis. per sq. cm. : 

-9 8* 0 00* 9 16* 1288* 10’4” 184b* 

p . . 30(10 6590 7670 9450 10140 10910 11360 

The change in volume which occurs when mercury freezes was observed by 
W. E. Ayrton and J. Perry. G. Vicentini and D. Omodei found there is over a five 
per cent, expansion when mercury changes from the solid to the liquid state, for 
1 c.c. becomes 1 00098 c.c. J. W. Mallet found 3' 7 per cent. ; and L. Grunmach 
found that unit vo^ of solid mercury becomes 1 050982 vols. in the li(|uid state 
so that the expansion is over 5 per cent. P. W. Bridgman measured the change 
in vol.— 5t? c.c, per gram — which occuri when mercury freezes at different press, 
— p kgrms, per sq. mm. : 

-la-y* -9 8* 0’ 5*23* 916* 16'40* 

p . 3660 6590 7670 8660 9460 10910 

8t» . . . 0 002516 0 002492 0 p02454 0 002426 0 002399 0*002348 

VOL. IV. 3 A 
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M, lAmeray baa made observations on the relation of the m.p. to the coeff. of 
expansion ; and H. Ramage compared the m.p. of mercury with that of other 
elements. M. Faraday showed vapour arises from mercury both in vacuo 
and in spaces filled with air, as shown by the “ silvering ” of gold-leaf kept for 
two months confined over mercury ; consequently, “ at common temp., even in 
the presence of air, mercury is always surrounded by an atm. of the same substance.” 
C. W. Easley, J. W. Mallet, W. T. Burgess, E. Bindschedler, J. Davy, and 
M. Berthelot noted the volatilizatioil Ot mercoiy at ordinal^ temp, by the formation 
of mercuric iodide about the necks of bottles containing iodine and situated some 
yards away from the mercury. C. J. B. Karsten found that a photographic plate, 
held over mercury below O'*, is affected by the vapour of that element. C. Brame 
claimed that the finely divided utncules de soujre^ obtained when sulphur is con- 
densed from the vapour, furnish a more delicate test for mercury vapour than 
gold-leaf. He thus showed that at 12®, mercury vapour rises above a metre, and 
even at 8°, it has no limited atm. ; and at ordinary temp., mercury vapour rises 
from amalgams and mercurial ointments. 

According to W. llumett, somo mercury, forming part of the cargo of a ship on the 
Spanish coavst, ran out ot the biudders which had become rotten, and found its way into 
tlie hold, where it mixed with the bilge-water. As a result, every piece of metal in the 
vessel was coated with mercury, and the whole ship’s company was atTected wth violent 
symptoms of salivation. 

Q. G. Stokes, and 0. Brame made observations on the diffusion of mercury vapour ; 
the latter found that in the presence of sul[)hur vajiour and air, mercury vapour 
diffuses in accord with the same law as other gases, but in the presence of iodine 
vapour and air, and of the mercuric iodide vapour thereby produc ed, the law of 
diffusion appears to bo different. W. F. Redd observed the volatilization of mercury 
exposed to the sunlight, and H. V. Regnault noted the volatilization of mercury at 
—13®. A. Merget found that the volatilization is not arrested by freezing the 
mercury, and he noticed that it occurred at -—44° ; and C. J. Hanson noted the 
metal volatilized in vacuo at --40®. R. F. Howard suggested that fine globules 
of mercury are more volatile than a large head of the same element — 1. 10, 1. 
F. Glaser measured the loss which occurs with electrolytic mercury per sq. cm. of 
surface per hour, and found 0*002 mgrm. was lost at room temp., 0*010 mgnn. in 
a desiccator over sulphuric acid ; and 0*016 to 0*727 mgrm. as the temp, rose from 
30® to 100®. V. Borolli observed a loss when mercury is confined in a desiccator 
over sulphuric acid, but not over potassium hydroxide. J. D. van der Plaats 
observed the volatilization of mercury confined m an atm. of carbon dioxide and 
nitrogen. K. Beunewitz measured the rate ol evaporation of mercury in vacuo. 
The subject was also studied by M. Volmer and I, Estermann between 69° and 
—180°. K. Rie computed that mercury droplets of radius 10“® cm. can distil 
into the larger drops. C. Barfoed noted that mercury can evaporate at ordinary 
temp, through a layer of water, J. W. Mallet, M. T. Lk'cco, and 8. Hada found 
mercury distils over with water, and collects in the receiver. F. W. Dafert found 
the volatilization of mercury is prevented by covering it with glycerol, but not by 
water or by mineral oil. C. Barreswil stated that the presence of a little platinum 
accelerates the volatilization of mercury. R. W. Wo^ found that mercury con- 
densed as a continuous film on glass cooled to —150°, but not at —130°, so that the 
critical temp, has some intermediate value. 

Numerous observations have been made on the vapour pressuief p, of mercury ; 
and the results are not always concordant. Very few seem tJfi have regarded tfie 
degree of purity of the mercury* as a factor of any particular importance. 
M. Knudpen found ; 

0® 71* 19'0* 80-2* 30-8* 4«*2* WS* 

p(inm.} . 00001846 0*0003677 0 001138 0 002806 0*005966 0 009509 0*01331 

H. Hertz found : 
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•or 

SO* 

100* 190* 

140* 

100* 

ISO* 

ioo» 

p(mm.) 

. 0-026 

0-093 

0-286 0 779 

1-93 

4-38 

9*23 

1835 

8. Toung 
values of 

found the following values of p, and A. Smith and A. W. 0. Henziea the 

P'’ 

m* 

IW 

200* 300* 

• S60* 

400* 

460* 

iSO* 

pfem.) 

— 


1-681 24 86 

67 25 

154-85 

31505 

459 6 


. 00829 

0-0802 

24*585 

66977 

156 61 

324-50 

— 

L. P. Cailletet, E. Coiardeau, and A. Rividre gave : 

460’ 500* 660* 800* 

«60* 

700 * 

760* 

sso* 

pfatm.) 

. 4-25 

8*0 

18 8 22*3 

84H) 

40-0 

72*0 

1620 


Mcaaurementfl have been made by T. E. ThoqiC b«^tweeu 2 1'* and lll O® ; by 
E. Ha^en between 0® and 100® ; by 0. Ruff and B. Bergdahl l)etwe<*n 205® and 
357® ; by H. V. Regnault between 0® and 520“-“ but C. Barfoed aaid that theie 
rcaulta are too high ; by H. Herta between 0® and 220"^— and diwmaaed by C. von 
Rechenberg ; by W. Ramsay and 8. Young between 40“ ajul 520“ ; by T. H. Laby 
between 255® and 4r>0“ ; by E, W. Moriey betwei‘n 16“ /»nd GO® ; L. Pfauudler 
between 15“ and 98-8” ; by F. B. Jewett between 140° and 300° ; by L. A. Qebhanlt 
between 130° and 310° ; and by A. Villiers between 60° and 100° in atm. of hydrogen 
and of carbon dioxide. J. Jublin, Lord Rayleigh, F. A. Henglein, C. F. Hill, 

J, Dewar, H. McLeod, P. de Heen, and T. Ihmori, have also made observationii on 
this subject. J. D. van der Plaats found the vap. press, of mercury in carbon 
dioxide at 0“ is 0 0047 mni. ; at lO®, 0 008 mm. ; and at 20®, 0 013 mm. 

A. Smith and A. W. C. Menzies worked betw’een 253 97" and 434‘7r, and they 

calculated a table for every 2“ for the vap. press, of mercury between 0° and 450° 
from the formula : log p=9'9073436-~3276-628^“» -0-6519904 log f?, which repre- 
sents the observed results very satisfactorily between 120° and 453®. H. V. Keg- 
nault represented the vap. press, p mm. of mercury at by log p ===^0-6640459 
— 7-7449870(1^ -fO'38197Uo<> : C. Autoine, by log p==4‘252O(2-0323— lOOO/f), where 
(™fl-f380 ; F. A. Henglein, by log p-^7'5030- 1295-9/2^1-^^ mm. ; and A. Jaro- 
limek, by 0-=17r)-|-19O-5//i-*®— 8p"i. T. H. Laby reprcsentedl his results 
between 15° and 270® by logiop~ir)'24431— 3622-9322^1— 2-307233 Iogio2’, and 
between 270° and 450® by log, 0^=1004087 -3271-2452^1 -0-7020537 logio2’; 
M. Knudsen found logjop— 10*5724— 3342-26r“i~0-847io2’ to be very exact near 
50®, but less satisfactory at higher temp. ; and A. 0. Egorton gave p=»3‘72 
Xl0i®Tle~i®^^i^^ii^ d)Tie8 per sq. cm. • 

The boiling point of mercury was stated to be 346’5° by J. Criehton ; 349®, by 
J. Dalton ; 339®--309°, by T. Camelley and W. C. Williams ; 350®, by R. Pictet, 
P, H. van der Weyde, and by L. Troost ; 355®, by V. Meyer and J. M. Crafts ; 
357°, by 0. Ruff and B. Bergdahl ; 356-25®, by P. Hemrich ; 350-7®, by H. L. Cal- - 
,lendar ; 357'25®, by H. V. Begnault ; 357*3®, by J. M. Crafts ; 357*65®, by 

B. H. Griffiths ; 356*76®, by H. L. Callendar and E, H. Griffiths ; 356 95®, by 
A. Smith and A. W. C. Menzies (sulphur b.p.=445®) ; 360°, by P. L. Dulong and 
A. T. Petit, and H. St. C. Deville ; 357° at 760 nun., and 310® at 33 mm. press., by 
P. de Heen ; 365® at 760 mm. and 155® in vacuo, by C. J. Hausen. F. Krafft and 
P. Lehmann found mercury to boil in the cathode vacuum at 174® when the press, 
was 195 mm. H. V. Regnault calculated the b.p. of mercury to be : 

S (mm.) . . 720 730 740 750 760 770 780 

.p. . . 354*3“ 355*0“ 355*8* 856 5“ 357*25* 858 0“ 858*8* 

• 

The best representative value is 357*01® when the b.p. of sulphur 445® is taken as 
the standard of reference. According to H. C. Dickinson, to prevent the boiling 
of mercury in a thermometer, the space above it should be filled with some dry, 
inert gas, such as nitrogen or carbon dioxide, having a press, of one atm. at 300®, 
4-6 atm. at 450®, and 20 atm. at 650®. L. H. BorgefanSm gave 790® for the b.p. of 
tnercory at 93 atm. press. • 
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T. H. Laby eatimated the critical temperature of mercury to be over 800® ; 

I. Traube and G. Teichner, and 0. M. Guldberg, over KXX)® ; S. Weber. 1400" ; and 

H. Raasow, over 14^X)®. W. J. EurbatoS 
assumed that the critical temp, must be high 
because of the simplicity of the molecule of 
mercury. H. Happel gave 1370® for the 
critical temp., and 456 atm. for the critical 
pressure. S. Weber gave 1042® for the 
critical temp. J. Konigsberger gave 1270® 
as an approximation to the critical temp, in 
a quartz glass capillary tube ; and 1000 atm. 
for the critical press. From the curves of the 
densities of liipiid and vapour, Fig. 4, the 
critical temp, appears to lie between 1500® 
and 1600®. The critical press, is probably 
near 2(XK) atm. G. Meyer computed 1474®. 
E. Arifes estiniat4xl respectively 1350® and 420 
atm.; and J. J. van Laar, 1172® and 179 
atm. with 3'3 for the critical density. 

H. Weber gave 5 0 for the critical density. A. W. C. Menzies found that the liquid 
])ha8C vanish(!8 in a sealed (juartz glass tube at about 1275° wh(*n the vap. press, 
of the mercury is aliout 675 atm. (the press, of the air in tube was 0'03 mm.). 

J. Bender and J. Konigsberger deti‘rmined the sj). gr. of liquid mercury and the 
density of its sat. vapour at difTeront temp. The corresponding (‘urve is shown in 
Fig. 4, wluTc th(‘. critical temp, is near to 1 l.‘iO'\ or 1703® K. ; the critical press, is 
1042 atm., and the critical density 5 0. These numbers were shown by S. Weber 
to be in agreement with R. Kdtvo.s’ rule, J. I), van der Waals’ (‘qiiation, and 
F. Trouton’s constant calculated by I. W. (’ederlx'rg’B formula ; 

with W. .1. KurbatofFs value for the latent heat A— 67 8® K. M. I’lud'homiiie, and 
E. van Aubel disc\is.sed the relation between the eritii al temp., the b p , and the 
111 .}), of niercurv. 

According to G. G. Person,^® the heat of fusion of mercury is 600 eals. ])er 
» gram-atom, or 2 84 cals, per gram at the m.p. ; F. Tollitzer gave 554'5 cals, per 
gram-Rt^im or 2 75 cals, per gram at -“38-7® ; F. Koref gave 571 cals, per gram- 
atom, or 2’8.“)5 cals, per gram ; and M. Langlois gave 2-836 cals, per gram. 
A. C. Egerton calculated the mol. lit. of fusion of mercury to be 5-6x10^ cals. 
• at the 111 .}). P. W. Bridgman calculaU's for the change of latent heat on freezing 
mercury : 

- 41 )'’ - 30 “ - 20 * - 10 * 0 * 10 " 20 ° 

V . .0 00253.'') 0 002620 0 002616 0 002402 0 002454 0 002393 0 002311 o.c. per Rrm. 

dpjdd . 190400 196600 190000 190900 197000 198360 0 190300 grm. i)ersq. cm. 

Luton t 

heat. 2 720 2-828 2 939 3 026 3 103 3 149 3 103 cala. per grm. 



Fin. 4. — Density Curvns of Mercury 
— Vapour ami Idquid. 


and for the change in the internal energy of mercury in passing from the liquid to 
the solid state : ^ 



- 28 - 00 “ 

- 18-48* 

-8 31* 

1 - 87 " 

12 - 00 " 

^Vork, pBv 

2000 

4002 

0006 

8018 

100034 

0-118 

0236 

0360 

0469 

0557 

Energy ciiango . 

2-732 

2*717 

2-693 

2-067 

2699 

Latent heat 

2-848 

2961 

3-041 

3-114 

3 164 


22 - 24 * 

1 2064 kgrros. per sq. cm. 
0 640 gram oat. 

2- 616 oals. per grm. 

3- 166 


The heat of vaporiiation at 623® was^ found by G. 0. Person to be 62 cals, per 
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gram or 12 4 cals. j>cr granvatom ; W. J. KurbatofT gave 67’8 cals. jM*r gnua, or 
13 6 cala. per gram ; M. Knudaeu, 71 cab. per gram ; M. lianglois, 77 cab. per 
gram ; C. Musceleanu, 63'60 cab. per gram at 2 X mm. press. ; and 1). KonO' 
waloff, and J. C. 0. de Marignac, 15-5 Cab. per gram-atom. \V. 0. M<1\ Lewis 
e.Htimated the lattmt heat of vaporization at 0'^ to be 0 26 Cab. per gram-atom, or 
3128 cab. j»er gram ; and at 2t)' , 6'34 Cab. per gram-atom, or 31'71 cab. per gram. 
K. K. Jarvinen calculattHi a value from the theory of mol attraction. A. C. Kgerton 
gave l aTxKH cal.H. for the heat Of sublimation of the solid Acconling to 
W. J. Kiirbatoff, Troutonb constant b 2rr>, so that the lupiid is not assoc iat)(‘d at 
the b.p ; C. Musreleanu found It) to 23 ; and E. van Aubel, 20. H, dj- Furcraiul 
found when the lattmt heat of vaporization is 13 015 Cals per gram Jilom, and tin* 
b.p. r ^(KV) K., A/7’ - 101 log 7’- i r)~0 (K)t>r-|(M>oiHK>267 ^ or 22 135. l\ de 
Heeii ha.H discussed the relations between the 8aturat<‘d vapour and Trouton's rule ; 
J. 1*. Montgomery, the relations between .several constants, and Troutiui's rule ; 
W Vaubol gave tin* heat of dissociation, Ugo -2llg -Ht; Cab ; (\ Cantoni, the 
heatoldisaafTre^ationof the moleeulea of the liquid ; and C. Cantoni. and \V. C. Mc(\ 
I.iewb. the lat**nt heat o! expansion of the liquid against the exO'inal pre.ss. tin* 
latt^*r gives 13280 atm per sq. em. tir316 cab. pere.c E. Ueckmann and 0. Licsche 
gave 111 0 for the boiling constant of mercury. W. <}. Dullield gave '.) I to 
11'5 lO'* cm. j)er .sec. for the velocity of the nmis projeeted from hoiling mereury. 
G. Bakker calculated the energv transformation betwten tlie ( apillarv him of the 
liijuid ami the vapour. I Langmuir has studied the consumjition of electrical 
energy m‘Cr‘Hsary to maintain the temp of a tungsten wire in mercury va]>our. 
0. Sa<'kur obtained for the cln'inioal constant C--- 2 055 f l 5 log M, whem A/ b 
the mol. wt. 

riie index of refraction, /x, of litpiid mercury ; and the absorption coefficient! 

k, .such that the amplitude of a wave afO‘r travelling one wave-length, A, in the 
metal, is reduced in the ratio 1 : liave been measured by W. Meier, who 

found : 


A 

. 323-4 

361 1 

398 2 

HI 3 

487 8 

508-0 

389 3 

630 0 


0 1)79 

n 774 

0 921 

1 on 

1 149 

1 312 

1 G24 

1 719 

/ 

3 323 

3 310 

3-43K 

3 387 

3 207 

2 980 

2 713 

2 733 


E. van Aubel found /x - 2 ,‘iO for the II. -line. P. Driide obtained for A --58h 3, 
/X“--1'73, and \V. von Uljanin has also measunMl the index of refraction 

and absorjition coefl. of liquid mercury. B W. and It C, Duncan found for light, 
of w:iv<*-length 665 0, ."iHO d, and 472 0 the resp(*(tive indie(‘H of refraction 2'34, 
l 'J2, and 1 35 ; and absorption coefl. 2'47. 2 78, and 3 42. C. Cuthbert^on found 
the refra(;tive index of the vapour of mercury to be 1 001857, and C. (hithbertson 
and E, P, Mekalfe found for the wave-lengths 656’2, 5D8'3, 5ir)‘9, and 518’3, the 
re.spi‘etive values 1-001799, 1-(K)18G0, 1 ‘001882, 1 001885 ; and for the visible rays, 
p-l .=^O0O1755(l4-2-265) 00(jl755(l-f2 265A-2ifriO). Ti,e rat<; of change b 
thus alwjut four times as great as with air ; and J. Mcl^ennan gave : 

A 48UU 51.’)2 eilO 0230 (1234 31 

li . 1 000949 1 00943 1 (K>0924 HK)0882 1 (XM)8(10 

L. Natansoii also measured the index of refraction of mercury vapour. T. dcs 
f’oudres, and L. P. Wheeler measured the index of refraction of liquids— waters 
alcohol, hydrochiurip acid, sodium thiosulphate soln., petroleum, chloroform! 
olive oil, turpentine, and carlx>n disulphide — by reflexion of light from the surface 
of mert'urv immersed in the liquid. P, Drude, and W. Meier measured the pijrccntage 
reflecting power of mercury ; the latter found for A=s^'326, 441, 589, and 668, the 
respective values 66, 74, 75, and 77 |)er exjnt. H. Rubens and E. Ijadenburg measured 
the reflecting power for long waves ; R. W. Wood, the seleetive reflexion of mono- 
chromatic light by^mercurj- vapour; apd P. P. Koch and W. Friedrich, and 
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B. O’Brien and L. P. Wheeler, the anomalous dispersion of mercuir vapour. 
B, W. Wood, and A- von Malmowsky studied the resonance radiation of mercury 
vapour ; the former found that mercury vapour reflects light of wave-length 2536 
in much the same way as would a coating of silver inside the bulb. 8. Procopiu 
found the birefringence of toluene is positive, but negative when mercury is shaken 
therewith. Similarly with beniene, etc. R. W. Wood studied the selective reflec- 
tion, and the polarized resonanco radiation of mercury vapour, and Lord Rayleigh, 
the polarization of light scattered by mercury vapour. M. Tiffeneau and C. Som- 
maire gave 12 H48 for the atomic refraction of mercury. 

W. N. Hartley,!* and R. W. Wood observed that a bluish-green flnorescence 
appears when sparks from zinc or cadmium, or cadmium-lead electrodes passed 
through mercury vapour ; the fluorescence gradually decreases in intensity with rise 
of temp., and finally vanishes altogether, and the phenomenon recurs in the reverse 
order as the vapour is cooled. E. Patemo and A. Mazzucchelli obtained no fluores- 
cence at 1500® in a quartz tube. J. Franck and R. W. Wood observed that the 
phenomenon is sensitive to the presence of electronegative gases — oxygen eq. to 
3 mm. press, prevents the fluorescene.e ; helium has no appreciable influence. 
J. N. (Jollie found all gases luminesce when shaken with mercury. The phenomenon 
has been studied by W. Steubing, W. Wein, J. H. Vincent, J. 8. van der Luigen, 
W. Matthies, J, Konigsberger, A. Perot and J. Rosier, A. Pliugcr, R. Pohl, A. Klages, 
0. C. Schmidt, .1. von Kowalsky, F. W. Aston, B. Reismann, F. S. Phillips, 
Y. T. Yao, <jl. (?ario, etc. 0. Wolff found no fluorescence in ultra-violet light. 
The luminosity which occurs in many gases when an electric discharge is passed 
through the gas, and persists for some time after tlu! discharge has ceased, has 
been traced to the readjustment of chemical equilibrium upset by the discharge 
-—oxygen, and nitrogen. N. H. Ricker attributed the phenomenon with mercury 
vapour to the recombination of positive and negative ions to form neutral mols. 
N. H. Ricker studied the after-glow or luminescence of mercury vapour distilled 
from an arc in vacuo. The luminescence is attributed to the recombination of the 

? 08 itivo and negative ions produced by the discharge as suggested by 0. I). Child, 
'he last-named obtained a continuous spectrum with mercury between 120® and 
400", and at a low current density. J. S. van der Lingen studied the fluorescence 
of mercury vapour e.xcitod by X-rays. 

The action of radium ructions on mercury have Immui studied by G. le Bon, 
A. S. Russell, T. S. Taylor, K, Siegl, H. Grcinacher, etc. J. Stark and co- workers 
studied the action of the cathode rays on mercury ; and 8. Landau and 
• H. Piwnikicwicz, the action of X-rasrs. A. Miiller studied the high frequency or 
X-ray spectrum of mercury. In general, the fluorescence increases with increasing 
vapour density ; the temp, has no influence on the intensity of the glow ; but 
the glow is diminished when foreign gases an* jiresent ; and the spectrum is con- 
tinuous. M. de Broglie, and W. Duane and co-workers studied the critical absorp- 
tion of X-rays of wave-lengths Ax 10® cms. by mercury, and found respectively 
O' 146, 0*1479, and 0*1491. H. J. C. In'ton attempted to find if mercury atoms 
emit radiations of wave-length 5460*97 and 4046*78 A. when they have been made to 
absorb light of wave-length 2536*72 and 4358*66 A., and found evidence to support 
the hypothi-’sis. The p^hosphoresecucc caused by canal rays was investigate by 
J. Kdnigsberger and J. Kutschewsky, W. Wien, A. Riittonauer, J. Stark, etc. 
R. de J. F. Struthers and J. E. Marsh found purified mercury had no action 
4 ^vhatever on a gelatine dry plate ; N. Piltschikoff found no sign of the omission 
of the so-called Moser rays of mercury. W. Steubing showeejj that the vapour of 
mercury is ionized by the light from a mercury lamp. The current was ICT* amps, 
when the press, was zero. This represented the photo-electrio effect at the 
electrodes. The vap. press, of the mercurj' was increased by heat, and the current 
rose to a maximum of 6 x 10 * amps. The current increased almost line^^rly with 
the potential difference up to 12 volts, the maximum employed. J. G. Popeaoo 
studied the relation between the surfi^ce tension and the photo-electric effect. 
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W. J. RuiimU, R. LtcMg^, A. Cobon. J. H. Vincent, nud H. Muinoko and 
M. Kasaya atndied the action of mercu^ on i^iotogxiphio plitai. 

It is generally stated that mercury gives no fUina tpeetnuu. A. Mitscherlioh 
noticed that mercury cyanide, in the oxy hydrogen flame, famished the spectra) 
lines 546*0 and 435*8, and G. D. Liveing and J. Dewar observed the line 253*6 with 
mercuT}* cyanide in the cyanogen flame, but A. Gouy observed no lines w'ith mercuric 
salt soin. sprayed in* Bunsen’s flame ; W. N. H^ley and H. Hamage observed 
neither lines nor bands when mercuric oxide is heated in the oxyhydrogen flame ; 
C, de Watteville none with mercuric oxide or chloride in the oxyeoal-j'as or 
oxyhydrogen flame ; 0. D. Liveing and J. Dewar none during the explosion of 
electrolytic gas ; and A. S. King none by heating mercury in tlie electric furnace. 
E. Goldstein observed no lines in the spectmm of mercury diphenyl. C. de Watteville 
did obtain the 253*072 lino with mercuric nitrati*, acetate, and cyanide. 
G. D. Liveing has also investigated this subject. C. Wheatstone first re|H)rted 
seven lines in the spark spac^mm of mercury in air, under n'duced press., 
or under water. D. Alter, A. Masson, A. J. Angstrom, J. Pliiclcer, F. Brasaek, 
G. Kirchhoff, T. R. Robinson, W. A. Miller, W. Huggins, R. Thal6n, J. IMucker 
and J. W. Hittorf, W. N. Hartley, A. F. Sundell, J. S. Ames, B. Demaryay, 
A. Schustx'r and G. HeniHaleeh, P. G. Nutting, H. E Watson, H. Finger, E. Castelli, 
0. Wendt, J. de Kowalsky, etc., made observations on this subject. The principal 
lin(‘s m the spark s)>ectrum frofu a soln. of meiv.uric chloride are a feeble lino of 
wave-length 0ir>*2/i/x in the orange-yellow ; a yellow double line, 53*0 and 53*7, on 
the scale, or 570 0 and 576 0/x/i— y, Fig. 5 ; feeble yellowish-green lines, 567*8 and 
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55‘) r)/i/i ; an int^mse green line, 540'1/i/x, Fig. 5— almost in the same place as one 
of the silver lines ; a feeble blue line, 491* 6/i/a ; a stronger indigo-hlue line, 126*4, 
on the scale, gr of wave-length 435’8/:*/i, Fig. 5 ; and two feeble violet UUimi, 
407 8 and 401*7 /i/a. The sfjurk spectrum of mercuric nitraUi is not so intense 
as the spectrum from mercuric chloride ; a highly exhausted vacuum tube containing 
mercury, or the light from an arc between the mercury electrodes of a mercury 
lamp, gives a similar spectrum. According to E. Cappol, the sensitivimess of th(^ 
spectrum of mercury in the induction spark is half that of copper, and alH)ut 
part of mercury can l>e detected. If the electric diw hargc is pa8S45d through hot 
mercur)’ vapour not far from its point of condensation, and the current density 
is small, a continaoas spectrum ranging from the red to the ultra-violet, and 
very prominent in the green, is produced. As the current density im reases the 
line spectrum becomes more and more prominent, and the continuous spectrum 
less so. With a condenser in circuit, the line spectrum alone is produced. 
C. D. Child showed that the glow' at the cathode gives the line spectrum more 
prominently than that of the anode, and that the continuous spectrum docs not 
depend on the kind of glass, the kind of clectrotlcs used, nor on the jmrity of thi^ 
iripRury. The fluorescent or resonance spectrum of mercury vapour was studied 
by J. 8. van der Lmgen, R. W. Wood, and E. P. Metcalfe and B. Vc'nkatesacbar. 
J. Franck conclude^ that the number of rayless transformations in the collision of 
excited atoms, with slow-moving atoms, is not small compared with unit^ The 
arc spectrum of merc^ has been studied by H. Kayserand C. Ilunge, F. M. Walters. 
A. L. Hughes, H. Buisson and C. Fabiy, G. Wiedemann, L. Arons, C. Fabry and 
A. Perot, 0. Lummer, F. Exner and E. Haschek, R. Kiich and T. Retsebinsky, 
S. Procopiu, A. Pfliiger, etc. C. Ramsauer and F. Wolf studied the duratbn of 
the spectral lines in an extinguished arc. 8. Procopiu studied the variation in 



728 


INORGANIC AND THEORETICAL CHEMISTRY 


the arc spectrum with the conditions under which it is formed. By sparking a 
soln. of the chloride L. de Boisbaudran obtained a band Spectrum between 659 7 
and 549’ 8, and between 529*2 and 522*2, but it is not known whether these belong 
to the metal or to the chloride. Observations on the band spectra of mercury 
and its compounds have been made by E. Wiedemann and C. G. Schmidt, 

B. 0. Pierce, A. C. Jones, Jl! Nagaoka, E. Hulthen, A. Kratzer, G. Ciamician, 
H. W. Vogel, E. Gehrcke and L. C. Glaser, A. Kalahne, W. B. Huff, E. Liese, 
A. Hagen bach and H. Konen, J. Stark and co* workers, J. M. Eder and 
E. Valcnta, J. Lcjlinmeyer, 0. Lummer, etc. According to J. Lohnraeyer, the band 
spectra of the mercury halides are very complicated, and this the more the greater 
the at* wt. of the contained halogen. J. N. Tx)ckyer found that mercury vapour 
gives no visible absorption Spectmm. J. C. McLennan and W. W. Shaver photo- 
graphed the spectrum of mercury vapour up to A- -11137 A. ; they found thatnon- 
lurninous mercury vapour does not absorb radiation of A--10140 A. ; but very 
slight deposits of mercury on the walls of the v«‘S8el may give an absoqjtion ; radia- 
tion of A~1U140 A. may be .strongly absorbed by luminoiLs mercury vapour. Hence, 
from the absence of absorption of radiation A- = 10140 A. by non-luminous mercury 
vapour, the resonance potential of 1*26 volts does not apply to the atoiUs of mercury 
in their ordinary state, in addition to the well-established one of 4’9 volts correspond- 
ing with A— 2536’ 72. The selective absoqition of light by electrically lumines- 
cent mercury vapour has been studied by E. P. Metcalfe and B. Venkatesachar ; 
and A. Torenin shows the bearing of the absor|)tion spi'ctrum on the structure of 
the irnsrcury atom. R. J. Strutt, R. W. Wood, W, N. Hartley, C. R. C'rymble, 
T. W. Case, J. .f. Dobbie and J. J. Fox, H. I^ey and W. Fischer, .). Frank and 
W. Grotrian, R. Kiich and T. Retschinsky, etc., made further observations on the 
absoqition of light by mercury vapour. R, C. Dearh; measured the infra-red 
radiation spectrum of mercury. ,1. (!. McLennan, D. 8. Ainslie, and F. M. Cale 
studied the absorption of the A---r)160*97 A. by mercury vapour, F. H. Newman 
studied the relative visibility of the spectra of mercuiy' and tlie alkali metals. 

A. 8. King studied the causes of the variability of the sjiark spectra of mercury. 

G. Ciamician, and P, Vaillant studied the effect of variations of temperature on the 
spectrum ; G. ('iamician, J. F. Mohler, W. J. Humphreys, A. Kalahne, E. 8. Ferry, 
J. Stark and M. Reich, M. Ritter, R. Kiich and T. Retschinsky', etc., studied the 
effect of pressure ; A. Kalahne, and E. S. Ferry, the effect of current intensity ; 
J. Franck, tlu; excitation potential of the mercury lines ; G. M. J. McKay observed 
no evidence of emission lines from mercury' at 3200° K ; C. Fiichtbauer, the excita- 

•tioii of the mercury lines by uUra-noUi rays ; H. P. Waran, the effect of a magnetic 
fcld ; G. F. Hull, M. Ritter, and J. Stark and co-workers, the effect of an electric 
field on the sjiectral lines ; P. Zeeraann, A. A. Michelson, J. C. Shedd, H. M. Reese, 

H. Starke and J. Herweg, M. M. Risco, H. Nagaoka and T. Takaminc, F. Paschen 
and co-workers, Tjord Blythwood and E. W. Marchant, A. Gray and A. W. Stewart, 

C. Runge and F. Paschen, G. Berndt, E. Gehrcke and 0. von Ikeyer, H. Lunelund, 

W. Lohmann, T. Royds, W. Voigt, H. P. Waran, A. Land6, M. Tenani, H. Nagaoka, 
P. P. Koch, and P. Gmelin studied the Zeemann-effect. A. Lande, P. Lewis, 
P. G. Nutting, R. W. Wood, J, N. Collie, G. Berndt, E. Wiedemann, J. Stark, 
G. Gehlhoff, R. J. Strutt and A. Fowler, and H. Finger studied the influence of 
impuritieSj and (1. Fiichtbauer and G. Joos, the effect of nitrogen, hydrogen, 
and carbon dioxide on the spectrum of mercury. A. Hagenbach, A. Dufour, 
M. Qlagoleeff, J. Stark and co-workers, G. F. Hull, etc., have studied the Dopplei 
effect ^ 

The ultra-violet spectrum of mercury was examined by L. and E. Bloch, 
W.J Hallwachs, K. Wolff, F. Paschen, A. Tian, A. L. Hughes, J. M. Eder 
and B. Valenta, J. Courmont and C. Nogier, G. le Bon, E. Castelli, W. N. Hartley, 
G. D . Liveing and J. Dewar, F. Exner and E. Haschek, H. Lehmann and R. Straubel, 
J. Stark and^S. Kinoshita, R. W. Wood and D. V. Guthrie, etc. ; the ultra-red 
spectruiUi by H. Lehmann, W. J. H. Moll, F. Paschen, W. W. Coblentz 
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autl \V. (’, Giht, etc. ; the o-anal t$S spectrum, by J. Stark snd w-workera, am! 
G. F. Hull ; the cathode ray fpectrum by P. U'wis ; ami the Bpcctnim fn»m a 
^lowinjj lime euthixle in mercury vapour by F. Horton. J. J. Dobbie and J. J. Fox 
found the vajjour of mercury shows very little absorptive power for li^ht. 

The series spectrum of mercury is more complex than those of sine and cadmiuin. 

A comparison is shown m Fig. .‘1, Cap. 29. H. Kavser and 0. lluiige, and C. Uunge 
and F. Paschen represent two series of triplets b> the formulte : 

VIHST 8KH1KS. SKt ilM) HKltJttM. 

A MO*- 40159 00 I2r>20«rw'‘ A MO* 40217-9S (ii.'i20Srt * 

A MO*“-=44792 S7 l274H4n » r>5209:>»"* A MO* 4ls51o| r.Wtbt"* 0l;i208f» < 

A MO* -40500 78 l274S4ft *- l:!52095n * A MO*- -10018 44 120:i0lfr * 0i;i2rtK»» * 

These formuhe account for 25 out of over 95 lines in the an* spectriini, but some 

strong lines arc not accounted for— r.<j 255 072 Other observations on the slriietiin' 
of the spectrum were made bv d. K Hydb<-rg, (5 Fabry and IN rot, 0. laimmer, 

K J. Strutt, J Rarnes, Jaiiieki, E. Gclin'ke and 0 von Haever, P (1 Nutting, 
It. Galitzin, F. Bates. TI. Xagauka. H. W. Webb, F. l*as< lH‘n. 11 Dingle, K. Pas 
(hen and K. Back, T Boyds. F Horton, H. Hermann, S B. Milm'r, H. Lune- 
lund, (}. Cianiu ian, W. X. Hart!»‘v, W. Bitz, A. Pfluger, 1^. Grebe, J. Franck ami 
E Ein'^porn, H. Stansfield, H. Konen, .f C McLennan, J. Stark and co-workers. 
U. W. Wood, W. W. Coblentz, H Gray, K. K. S. Bryson and J Jvogie. B See- 
liger studied the conditions for the <*xeitation of the different series of lines. 
G. Stead and B S (hts.Hlmg found the ionization potential of nu'nur)' vaj). to 
be lOS volt" ; J ('. Mel/ennan and .) K T. Young gave lo t’* volt-s G, Found 
gave It) 1 volts; and A. L Hughes ami A. A. Dixon, 10 2 volts. K. T. Compton 
gave I ()5~d 99 volts for the mininiurn ionization potential. E. Einsporn and 
G. E Gilison and W. Xoves have also measured this constant, d. F. Mohler 
and lo-workers found It) 2 volts for the ionization potential, and '1'7()-(>''15 volt-s for 
tli(‘ resonance potential of ni(‘r( ury vapour M. N. Saha and E. Eins]>orn have 
mad ’ observations on this .subject d. A. Eldridge studied llie (‘n»*rgv losses in tin* 
umi/.ilion and re'^oiiance (»f mercury vajanir, In* also inve.stigated the j>roliitbilitv 
of (’ollisions i)etw(‘en elcitronsin mercury vapour, H 8}»oner coinjiuted the 
freijiK’iiey of the inelastic collisions of electrons {(roducing the resonama* lino 
255tJ 7 A in mcrciirv vapour. T. C. Hidil) studiial tin* elfeet of t(unp. on f in* ETCing 
voltage of mercury ; V. T. Vao, K, T. ('ompton, and G. Stead and E. C Stom.T, the 
low voltage arc in inereiirv vapour . and G. Dejardin. the ionization of mercury 
in argon which begins at a j»otential of II volts; in* also e.xamined tin; ejfe<;t 
with helium. Tin* resulting spectra were also inve.stigated. 

The electrical resistance of mercury is tin* standard of n'b’reiice for the Inter- 
national Ohm, which is defined as “ the resistance offered to an unvarying electric 
current by a column of mercury at ()“, M -lIBi iiMKxtOO grins, in mass, of a constant 
cross-section, one S((. mm., and of a length of loO 2-15 ±(» (K)4 cnis.’’ Very rimiiy 
measurements have accordingly been made of the eleetrieul resisiarn'e, or of the 
reciprocal, the electrical conductivity, of mercury -e//. by A, Matthicssen ami 
co-workers, L liorenz, E. Ber<jnerel, d Midler, L. Grunrnach, C. L. Weber, 
W. iSiemens, L. Cailletet and E. Bouty, G. P. Grimaldi, Lord Bayleigh and H. 8idg- 
wick, R. T. Glazebrook and T. C. Kitzjiatrick, R. J. Strutt, H. Wuilleumier, 
L. Duncan, G. Wilkes and C. T. Hutchinson, d V. dones, W. Ortloff, A. Berget, 
IL Passavant, H. d. Rink, E. von SchweidDr, A. B(;rnini, If. Schulze, etc. The 
sp. resistance of mercurj' at 18^ is t)'958xlO“^, and the relativi* increase per 
is -f 0’92 X 10"^. The reciprocal of the resistance of a cm. cube of mercury at 0^' is 
nearly 10(33x10* reciprocal ohms. E, Dorn gave r06285xl()*, The electrical 
conductivity of liquid mercury in rec. ohms. Xl0~* between O' and 35(>'', is: 

0" 10’ 25' 50* 100* 150’ 200’ 300 850’ 

1()«3 1 0535 1 ()38(i 1 0148 0 9085 0-9218 0-8751 0 8290 0 7831 0 7378 

showing a steady decrease in tlie conductivity with rise of trmpcralure. The values 
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of 3. Dewar and J. A. Fleming, recalculated by H. Dickson, for solid mercur 
8re(xl0"<): 

-861* -370* -381“ -39*2“ -407* -50’3“ -102-9* -147*6* -183i’ 

1-24 1-44 2-206 2*74 3‘46 4 70 6-66 9*46 14 a:, 

ihowing a rapid increase in tjie conductivity as the temp, falls. The conductivity 
of solid mercury at the m.p. is 4*087 times as great as that of the liquid metal at tlic 
same temp. C. L, Weber found that the ratio of the 
resistance of the solid to that of the liquid at the f.p, 
is 027 ; L. Cailletet and E. Bouty, 0*24 ; G. Gehl- 
hoff and F. Neumcicr, 0*203 ; H. K. Onnes, 0*237 ; 
and L. Grunmach , 0*40. The high values are possibly 
explained by cracks in the frozen mercury. Mercury 
freezes in crystals which may have different conduc- 
tivities in different directions, as is the case with 
bismuth and iron glance. The effect of temp, on the 
electrical conductivity is shown graphically in Fig. 6. 
H. K. Onnes found the resistance of mercury to 
fall to an extraordinary low value as the temp, ap- 
proaches the b.p. of helium in vacuo, for if the re- 
sistance of liquid mercury at 0° be 172*7 ohms, or 
30*7 ohms by extrapolation for the solid at 0°, it falls 
to U'OHfJ ohm at 4*3“ K., and at 3“ K. to 3x ohms — ?>, one millionth part of its 

value at()“ or 273" K. H. K. Onnes and J. Clay give for the resistance, ohms, of 
mercury at very low temp. : 

0* -183-00* -206-01* -215‘84* -252-93“ -268 81* 

/i . . fl7-12U 7-2B60 6-3900 4-6067 1-2613 0 7534 

The resistance of the metals examined by H. K. Onnes becomes so extremely small 
as practically to vanish as the temp. a])j)roache8 absolute zero. Thus supposing 
the resistance, /f, of mercury atO" or273'l" K. is unity, then, at 201“ K., 0-0r)641; 

at 14*3“ K., i^=:0*03309 ; at 4*3" K., i?=0*0021 ; at 3 0° K., /MJ(X}0 o 3 ; and at 
1*5° K., jK—O'OOOOO. Otherwise oxiiiresscd, the resistance at 1-8° K., is barely 
om^ thousand millionth part of the value at ordinary temp., and at absolute zero, 
mercury will offer no measurable resistance to the passage of an electric current, 
il. K. Onnes calls this condition supar-amdiidivily. A thread of mercury in that 
state will carry 1000 amps, without becoming warm, or setting up an e.m.f. at its 
«. ends, r, W. Bridgman found a discontinuity in the change of resistance with 
temp, just before the superconducting stage is reached; and he ascribed it to a 
polymorphic change of structure. 

Several formuUehavo been proposed to represent the relation between the temp, 
and the resistance of mercury. The temp, coeff. a for the resistance R at 0° in the 
formula fad), i.e, on the assumption that the resistance is proportional 

to the temp., is 0 tXX)7443, according to A. Matthiessen and M. von Bose ; 0*000889, 
E. W. von Siemens and J. 6, Halske ; 0*(KK)869, Lord Rayleigh and H. Sidgwick ; 
0*000884, R. LcnzandN.Restzoff; 0*000895, E.Ma8cart,F.deNerville, and R. Benoit; 
and 0*000907, K. Strockor. R. T. Glazebrook gave a-=0-(XX)879 between 0° and 
15° ; and K. Bornemaim and G. von Rauschenplat give 0*000994 between 50° and 
150°, and 0 000855 between 150° and 300°. There are, however, small deviations 
from the proportional law, for the temp, coeff. of the re^sistance increases as the temp, 
increases, D. Kreicbgauor and W. Jager gave R=Bo(l -f 0 0008827d-f 0 000001266*^ 
between 15° and 26° ; C. Guillaume, R=JRo(l‘fOTXX)881d-fO*(iXX)01010d*) between 
0° and 60° ; R. Benoit, R=-i?o(l-fO*000882d-f000000114d*) between 0° and 360° ; 
0. Vicentini and D. Omodei, ^=Ro(l-fO CXX)8989d+00®6695d*-|-008l018dS) 
between 0° and 350° ; and F. B. Smith, R=Ro(l+0*(X)088788d-f0 05l0564d*) in a 
Jena-glass tube and i?=i2o{l+000088776d+0'06l0376d*) in a hard green-glass 
tube, between 0° and 22°. W. Jager and H. von Steinwehr gave 
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X 10^+0*09360 xl<r*x3<) in a quArU vessel betvreeiiO‘'«ndlOO*’ ; and they slao 
meaaitred the conductivity of the isotopes of mercury. A. Bsltrussajtis found the 
resistance of liquid mercury to be B*=ii<j(l+0 0(X>882<?+O'0i,92d*) ; and of solid 
mercury fi=-/««(l+^-00456i9)/(l-0'00456 X 38 8f)) between tlie and -73", 
where denotes the resistance of the solid at the m.p. — 38 85\ G. Wiedemann 
a^ R, Frans's ratio of the thermal conductivity, *A, and the electrical conduc* 
tivity, K, shows a small break at the m.p. as illustrated by the curve, Fig. 7. 
li. Lorens’s number, X/kT, is not proportional to the ttmip. 

-IW -«• -Sr -21* o‘ 87* 100' IW" 

A/icxl0» . 8 4 16 20 0 22*1 23 7 20 0 37 0 42 6 

A/«2'aI0‘* 105 08 88 88 87 IM) 00 100 

The effect of pressure on the resistance of mercury was found by R. ls‘nz to decrease 
about 002 per cent. i>er atm. A. Lafay found dlijR ---()• 1251 for 4r)(K) kgrins. per 
sq. cm. , i e. about 0 02 per cent, per atm. C. Barns 
found a press, coeff. of — 0 (X)003 up to 400 atm. ; 
and A. do F. Palmer, —0 0000332 up to 2000 
kgrms. ]>er sq. cm. The last-named considers that 
the presence of occluded air is responsible for the 
high coeff. 00002 olitainod by R. Lenr. Accord- 
ing to C. Barns, therefore, 30 X 10*f/p ; 

but, according to L. Grassi, — flfc/t>™3 X 10*dp ; 
and by division, dRjR-lOdv/v. Again, dR/R 
^m)Xli)^dT; and di-/c= 180 xl(r«dr ; and 
by division, dR/R^iAdv/v. P. W. Bridgman ob- 
tained the results indicated in Table VII for the 
effect of press, on the electrical resislance of mer- 
cury ; and the results in Table VIII for the re- 
sistance of mercury at different press, and temp, 
when the resistance at atm. press, and the indicated 
temp, is unity. The resistanws for the liquid were 
obtained by extrapolation beyond the f.p. It is 
estimated that the press, coeff. of the solid is Is'tween 0 (KKK)02 and 0‘(X)CXJ2. 
The change in the resistance liquid-solid hec^omes less at higher pn-ss. and temp. ; 
and the effect of press, on the r<*si8tanc<‘ of the liquid is greaU'r than it is on the 
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KeslaUncn*. 


Press, kgrnts 
per i(|. cm. 

~ 7.'i^ 


25" 

.’MI’ 

jy 

UK)’ 

126" 



09186 

10000 

1 0240 

1 0480 

1 0719 

1*0969 

1 0970 

600 

0'90.65 
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— 

__ 
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i 08510 
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~ 

12000 

• 


0-8034 

0*8200 

1 0-8318 i 

1 i 

0*8445 



solid. A. de F. Palmer and E. Liaell showed that the change in the electrical re- 
sistance of mercury by press, furnishes a means of measuring press., and the 
mercury resiitance gauge was employed by P. W, Bridgman in his work on the 
ejGfeot of high press, on the properties of inatter. 
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G. Ikrndt found that there i« scarcely any change in the electrical resistance of 
mercury in a ma/jndic field ; A. Hirschi, that the resistance of a column of mercury 
through which an electric current is flowing is greater than when no current is passi^ , 
and W. Jiiger, that the resistance does not change when mercury is kept 6 years in a 
Jena-glass vchkcI ride supra, ¥. E. Smith. W. Jiiger and H. von Steinwehr measured 
the electrical condu(;tivity of the different isotopes of mercury. If a thin triangular 
piece of amalgamated copper is floated on a trough of mercury, and a large direct 
(lurrent is passed through the hath, the piece moves across the bath blunt end 
foremost. E. F. Northrup <*xplained the phenomenon as a result of the pinch 
effect, or tin* greater radial contraction of a conductor at th<^ smaller than at the 
larger <md ; and Heririg attributes the phenomenon to the tendency of the 
mercury conductor to stretch or lengthen its*>lf more, at one end than at the other 
owing to the great.«T (lensity of the magnetic Ilux (mcircling the main path of the 
( urrent being greater at the small end than at the larger end ; and the effect is to 
make the lines of fon-e act like compressed helical springs under unequal com- 
pression. 

Th(! effcit of INI purities in the* mercury has also been investigated. Lord 
Rayleigh and If. Sidgwick found that the r«‘sistance of purified mercury is not 
atfcctecl by di.stillation in vacuo ; and K. Strecki^r, that dissolved air does not 
change the resistance ajipreciably. R. Lenz and N. Restzoff could detect no 
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^ ditfcrenct^ in the conductivity of m<*r<‘urv in the presence and in the absmice of 
mercuric o.xide. W. Siemens found that additions of small, quantities of metals 
c.//. bismuth which are bud comliictors raise the conductivity of menairy. With 
the addition of a very small j>roportion of zinc, gohl. or silver the conductivity is 
greater, and with the aihlition of a very small proportion of bismuth, buid. or tin 
greater than the value calculated from the volume of tin* mixture. A. Matthiessen 
has couqiared the observed conduct ivity with the result calculated from the relative 
vol. of mercury and the added metal. C. Michaelis stated that the conductivity of 
amalgams with up to 2’3 per cent, of zinc, cadmium, tin, lend, copper, silver, gold, 
and bismuth, is approximaUdy the same as that calculated from the volume relations 
of the components. K. Hornemanii and co-workers studied the ('fleet of additions 
of the alkali metals. 

The va}K)ur of nn'rcury was shown by W. Hittorf,*^ J. J. Thomson, and 
(1. 0. Schmidt, to be a very poor conductor of electricity. Thf electrical resistance 
of mercury vapour has bet'ii measured by H. llerwig, R. J. Strutt, P. C\ Hewitt, 
A. P. Wills, (‘tc. According to R, J, Strutt, the resistance of sat. mercury vapour 
at a ml heat is much gmitcr than that of the liquid, being 4x10“* against 0’25. 
0. Wheat-stone, in 1835, studied the linlliant light emitted when mercury is vajHirized 
in an electric arc ; and likewise also when zinc, cadmium, tin, bismuth, and lead 
are similarly treated. Patents for mercury lamps were obtained by E. H. Jackson, 
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1852 ; by C. Bmkfl, about 1853 ; by J. T. Wav, 1856 ; by (\ W. Harrbon, 18,57 ; 
by C. W, Siemeiia, 1867 ; by W. Proafter, 1875 ; and by J. Rapkff, about 1879. 
H. J, Dowsinjj and H. S. Kcatinji. 18%, niadi* tiie tirst trui* mun iiry lamp in wbirb 
a partially <‘va(uat<ed tube wa« employed, and P. ('ooper-Hewitt’a lamp appi'iiriHi 
about 19Ul. Since clear fum'd quartz was introduced into coinmerce, various 
forma of mercury lamp with transparent fused (piartz have been made- 
II. A. Kent and H. C. Licell’a lamp, and many t»thers. In the mod»‘rn f/tercury 
arc lamp, a long glass or quartz ghiss — vessel is more or h’ss exhausted. The 
vessel contains licpiid men ury at one end, and this staves as cathode ; a disc; of iron 
or nickel serves as anode at the other end of the vesmd By tilting the body of the 
lamp so as to make a temporary short circuit between anode and cathodi*, by 
preheating the cathode surface with a spark discharge, or by some other device, 
mercury va{>orizes, and a mercury arc is formed. The anod(‘ remains »'old and 
non-luminoiis ; the cathode also is non-luminous, so that the emission of light 
proceeds from the column of men ury vapour which carries the current. The 
anode is made with a large surface to prevent it becoming uiululy heaWd, and such 
lamps can be operated only on direct current since the are is extinguished wlnui the 
current is reversed— mercury tnlcrrujitvrs. If, however, th(‘ mereury vajiour lamp 
has a glowing oxide electrode, the radiation of heat enables the meri'ury to volat ilize, 
and the arc < an be maintained with an alternating eurront. A. Sellerio stiidn'd t in' 
velocity of the ur<' stream between niereiirv ami cat bon. 


W. K. Grov<‘ found that the metals can be arranged in a Si'ries according to 
their faculty of forming an electric arc— K, Na, Zn, llg, Fe, Sn, Pb, Sb, Hi, (-u, Ag, 
All, l^. The mercury are in a quartz glass vessel is an important souna* of ultra- 
violet light. J. Poliak estimab'd that 25 ])(t cent, or more of lh<‘ energy radiated 
by the lamp is lo.st for the produet ion of light, ami is wasted in the condensing 
ehamher of the lamp. The properties of the men urv arc have been studied by 
J. H. Vincent, A. L. Hughes, A Dufour, W. Hocpj», H. L. Mtirrison, S. R. Milm*r, 
P. A Huguenin, K. voii Natb-rcr, F. M Perkin, E Darmois and M. Lcldam, 
0 Winther, (f. Gehlhoil, F. Weintraub, M. Leblanc, M. von Jtecklmghausen, 
J. Hodet, J. Fs< ard, R. Seeliger ami G. Mierdel, etc. Tin* electrodes liavt* la-fii 
di.seussed by R. de Valbreii/.e, L (aissuto, 11. E. Ives, O Li hiiianii, Stark and 
cu-workers, E. rrliain, C Seal and A. Feige, et<'. General reviews huvi* been made 
by R. B. llus.sey, M. Lehlanc, etc. 

Up to a certain current value of about 6 5 amps, dependent on the geometrical 
shapt* of the lamj), and its external t<*mp. — tin; arc voltage, E, decreases with increas- 


ing current, C, so that dEjdV is negative ; 
at about 6 '5 amps., dEjdC is zero, and if the 
current be increasi'd beyond that value, dE/dC 
is ])ositive, and the an; becomes stable. P. Kiicli 
and T, Rctschinsk)' showed that the efficiency 
of the lamp expre.ssed in Hefner’s candles per 
watt, is relatively large and increases with the 
vap. jiress., and with the watt consumption — 
Fig. 8. The press, and temp, of the mercury 
arc lamp w'cre studied by J. Stark and M. Reich, 
H. Buisson and G. Fabry, C. T. Knipp, L Arons, 
etc. The potential gradient of the mercury 
arc lamp has been investigated by R. de Val- 
breuze, J. Poliak, A. Perot, J. Stark and co- 
workers, E. WarburJ, A. P. Wills, P. 0, Ilewitft, 
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Kio 8. — of Mercury 
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etc. ; and the luminescence and radiation of 


energy, by A. Perot and co-workere, C. Fabry and H, Buis^n, H. Bordier, 
H. Rubens and 0. von Bacyer, V. Henri, L. Gr<‘be, C. D. Child, W. Matthies, 
H. Rubens and W. W. Coblentz, J. Pole, M. Boll, A. Tian, H. Busch, J. Stark, 


H. Herwig, and K. Burns. W. W. Coblentz and W. Geer’s measurements of 
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the dietribution of energy arc illustrated by the diagram, Fig. 9. The visible 
radiation is confined principally to two sharp Jines, Hga with A=0‘546^, and Hg^ 

with A=0‘579ft. The light from 
the mercury arc is accordingly of 
a livid bluish-green colour, and it 
lacks the warmer and richer hues 
of ordinary light. This subject 
has been discussed by J. H. Glad- 
stone, H. E. Ives, A. J. Marshall, 
etc. A. Giinthcr-Schulze studied 
the. cathode phenomena in the 
electric arc; G. E. Gibson and 
W. A. Noyes, the laminous dis- 
charge in mercury vapour; and 
A. Hornli, the ultra-violet light 
from the mercury arc. 

J. W. Hitter placed mercury near the middle of the dectro-chemical 8eii68» 
and G. Wiedemann believed that mercury is more readily charged with positive 
than with negative electricity. According to W. Hankel, if the potential difference 
—the Volta effect - between zinc and copper is 100, that of mercury with aluminium 
is 101 to 100 ; with zinc, 81 ; with cadmium, 62 ; with lead, 37 ; with tin, 30 ; 
with antimony, 12 ; with bismuth, 11 ; with nickel-brass, 6 ; with brass, 3 ; with 
iron, —3 to — 11 ; with copper, —10; with gold, —29; with palladium, —34; 
with silver, —37 ; with coke, —41 ; and with platinum, —42. W. E. Ayrton 
and J. Perry, 0. J. Lodge, 0. Hockin and H. A. Taylor, and R. B. Clifton measured 
the contact potential of mercury and copper ; R. B. Clifton, agaiiLst iron ; and 
R. B. Clifton, and C. Hockin and H. A. Taylor, against zinc. H. Pellet found that 
against soft gold, the contact potential is — O'OO volt, and against hard gold, -f-0'04 
volt. F. Exner and J. Tuma found the contact potential against sodium is 2*47 ; 
magnesium, 1*38 ; zinc, 1*08 ; aluminium, 0*98 ; lead, 0*72 ; tin, 0*67 ; iron, 0*56 ; 
Copper, 0*33 ; silver, 0*18 ; platinum, 0*05 ; gold, 0*05 ; and carbon zero. A. Goiiy 
found that the contact potential of mercury with its amalgams is zero, and with 
other metals very small. E. Obach obtained no current between mercury and zinc, 
cadmium, tin, platinum, or iron. C. Christiansen measured the potential difference 
of mercury against magnesium, aluminium, zinc, tin, lead, iron, copper, or carbon 
at 20° in the presence of air, hydrogen, oxygen, or carbon dioxide. E. Perucca 
measured the Volta effect in the Zn-Hg, Cd-Hg, Bi-Hg, and Sb-Hg couples in 
vacuo and in various gases ; and with the Hg-Pt couple in air, nitrogen, carbon 
dioxide, and hydrogen. 

J. Canton found that mercury is negatively charged when a piece of glass, 
shellac, amber, or calcspar is dipped into the liquid ; according to J. P. Dessaignes, 
the results with shellac, silk, wool or glass, and mercury differ according to the 
degree of purity of the olemeut. L. Hart found that mercury is negatively charged 
by friction on the walls of a capillary, and when it is broken up into beads by 
an air-blast. J. Dcchant noted that mercury is electrically charged when 
filtered through leather, and this the more the finer the pores. A. Gaugain studied 
the charging of mercury with electricity by friction with other metals. E. Perucca 
found that a freshly made surface of mercury is strongly electrified positively if 
placed in contact with glass, j)aTaffin, sealing-wax, ebonite, wool, etc., but after a 
time, the surface of mercury loses its positive charge, passes through a neutral stage, 
and then acquires a negative charge which gradually increases to a limiting value. 
A. Coehn and A. Lota also found that mercur}’ in vacuo is positively electrified with 
respect to glass. J. Heyrovsky studied the electrolysis of soln. of alkali or alka- 
line earth salts with mercury drops as electrode. 

0. Matteucoi^^ could detect no thermoeleoirio loioe between hot and cold 
mercury. The subject was further investigated by G. Gore, G. Magnus, F. 0. Henrici, 
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7* d« Hear. T. des Coudias, and A, Peltifir. The thermwlectrio force of mercury 
mxoBt liouid and aolid amalgams was studied by A, BattelH. A. Seebeck, 
W. Hanicel, P. Bachmetjeff, and J. Gumming have investigated the position of 
mercury in the thermoelectric series. Warm mercury and the cold metal give a 
current from hot to cold with bismuth, platinum, copper, silver, lead, tin, line, 
mercury, and gold ; and from cold to hot with antimony, arsenic, and iron.* The 
effect of press, has been studkni by E. Wagner, E. Siegel, T. deg Coudies, H. Agricola, 
A. H. Bocherer, and H. Hoi^. The Thomson effect has been studied by 
W. Thomson, F. Braun, J. Konigsberger and J. Weiss, H. Haga, P. Cermak, 
C. Schoute, and T. des Coudres, F. Braun found the thermoelectric force with 
the lead-mercury couple to be* — 3 93 microvolts at 50" ; K. Noll gave —4 03. 
A. Matthiessen gave 2 52 for the silver- mercury couple bi‘tweeii 4" and 48", when that 
of the silver-copper couple is unity. E. Becquen*! gave -0(i(JOI83 volt for the 
copper-tnereury couple, and A. Gaugain found the e.m.f. rises more rapidly than 
the temp. G. GeWhoff and F. Neumeier s value for the thermoelt‘etric force of 
copper- mercury couple, dEjdd, is : 

— 103* — 78‘4* — S7’6* 0* C>0'6* W'V* 140‘4* 

. . 0 202 6-50 0 11 7-55 0 32 10-UI/i voJU. 

With a marked break at the m.p. E. Oosterhius stmlit d the iron-mercury couple, 
and found at 16 2" the e.m.f. is 2692xlU~7 volts at 98", 15935 Xl0“7 volt ; and at 
182-6", 28280 Xl0“7 volt; and the Peltier effect is 1 1644 xl0~* grm. cal. at 
18*45"; 1-388x10”* grm.Jcal. at 99-64; and l OlIxlO'* grm. cal. at 182*3". 
P. Cermak’s values for the Thoinsou effect XlO^ in cals, are -4-20 at 47" • —511 
at 71 ; 5’88 at 179 ; and 4-98 at 262", K. Noll found at 100" the mercury- 

platinum couple gives 0 millivolt ; E. Bi*cquerel gave —0 07 and E. Wagner 0 04 
millivolt. A. Battelli found for zinc-mercury and hraes-mercury couples resju’ctively 
-'71*620 and —50*126 microvolts at 20", rising to — 1429*0(X) and ^820*940 
microvolts at 200" respectively. K. Noll found for a temp. differen(x^ of 100", in 
microvolts, bismuth, —6705*4 ; ordinary nicA-c/, —1643*3 ; purified fncAy/, -1448*37 ; 
edbahy —1522*2; nickd-hrassy -1079*9; tin, 391*44; lead, 402*5; brass, 439*38; 
silver, 690*88; yold, 713*35; copper, 726*62; zinc, 713*96; cadmium,' 867*41 ; 
iron, 1592*2 ; atUinwny, 3379*6 ; and cor6o«, 1452. W. Peddie and A. B, Shand 
found the thermoelectric current of solid mercury gives a curve nearly continuous 
with that of liquid mercury. P. Cermak measured the thermoelectric forc^^ and 
the Peltier effect of mercury against Constantin. G. Gore, and C. 11. A. Wright 
and C. Thompson measured the thermoelectric force of mercury against a number 
of salt solutions. 

S. Marianini 24 placed mercu^ at the negative end of the seriea with respect 
to the difference of potential in sea-waU^r "acidified with YJ.^A^-sulphuric acid; 
A. de la Rive put mercury between tin and lead, and H. C. Oersted between arsenic 
and silver, with respect to dil. sulphuric acid. A. dc la Rive put mercury between 
lead and silver with respect to cone, nitric acid ; J. C. Poggendorff between silver 
and cupric ^phide with respect to a soln. of ammonium chloride ; and between lead 
and palladium with respect to a soln. of potassium cyanide. W. Ostwald found 
mercury to be electronegative with respect to acids ; and J. Brown, with respect to 
electrolytes generally. A. von Antropoff found that in hydrogen peroxide, raercuiy 
becomes more electropositive in the presence of alkalies, and more electronegative 
in the presence of acids. 

H. Pellat found t^e potential difference of mercury towards mercurous nitrate 
is lero, but it may be considerable in the presence of other electrolytes. C. Hockia 
and H. H. Taylor found that when mercury is alloyed with one or more metals, it 
becomes very much more electropositive towards dil. sulphuric acid, and sola, 
of sine sulphate ; 8. Lindeck, ind^d, found that 0*0005 per cent, of foreign metai 
had an appreciable aetbn, and this the more the more positive the added metai 
W. 0. 8al fine aad G. Lippmann found tha| when (lurified and impure mereuzy are 
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immersed in v«iHS(.*ls in water, and in electrical contact, a current flows through the 
water to the im])ure mercury. If two mercury electrodes in electrical contact are 
dipped at different times in a conducting but indifferent liquid— water, alcohol, 
glycerol, salt-soln., hydrochloric acid, etc. — G. Quincke found that a current is 
produced. 

N. T. M. Wilsrnore estiinated the electrolytic potential of mercury against a 
normal ionized soln. to be —0*750 volt ; W. Ostwald gave —0*99 volt ; and 
B. Neumann gave against a sat. soln. of mercurmis sulphUe, —0*980 volt. Other 
measurements have been made by W. E. Ayrton and J. Perry, V. Rothmund, 

E. Roth6, C. R. A. Wright and 0. Thompson, K. Auerbach, L. Sauer, etc. 

B. Neumann found the potential of mercury agaimst a soln. of mercurous 
uilralc to be —1028 volt, or —1*027 volt, according to N. T. M. Wilsrnore. 
Other measurements have been made by F. Fischer, R, Behrend, H. Pellat, 

G. R. A. Wright and C. Thompson. For mercurous chloride, the normal calomel 
electrode, W. Ostwald and W. 0. McC. Lewis gave 0‘G1 ; and L. 8auer found for 
Hg I N-KCl, lfg01-eleetro<le, 0*50<J volt at 18'^. W. Palmaer, N. T. M. Wilsrnore, 

C. R. A. Wright and G. Thompson, H. A. Fales and W. A. Mudge, F. H. Getman, 

H. Freundlich and E. Miikelt, J. Billitzer, R. Luther, K. Kothe. E. Amelung, 
N. E. Loomis, and H. F. Acree, F. Auerbach, etc., have measured the potential of 
the calomel eh*ctrod<‘. The temp, coeff. has been measured by L. Sauer, 

G. W. Coggeshull, and T. W. Richards. F. Auerbach, R. Luther and F. Pokorny, 

F. Q, Donnan and A. J. Allrnand, etc., measured the potential of the electrodes 
Ilg I UgO, KOHaq.,andof Hg | HgO, KOHaq. K, Luther found that the imtential 
of a soln. of a mercurous salt and mercury is about 223 times that of a soln. of a 
mercuric salt of the same dilution. F. M. G. Johnson and N. T. M. Wilsrnore found 
the potential of mercury against water to be — U*329 volt, and W. Ilankel found 
that if the contact potential of Zn-Gu be UK), that of mercury against water is at 
first —6, falling after some time to —30 ; other measurements witc made by 
F. Ejcncr. 

R. Blondlot and E. Bichat found for autphunc acid, 0*842 volt ; H. Pi'llat, F. Paschen, 
and A. KOnig also incasumi tho potential of mercury ugauist Hulphuric acid. F. Kxner 
lueuHurcd tho potential of mercury Uf^aiUBt chhnnt taUtr, bromine wahr, and iodine water ; 
F. Kxner, and F, l^aschen against hydrofiuonc and ; F. Paschen, F. Exiicr, and A. KOnig, 
against hi/drochlonc aetd ; F. Exnor and V. KothiiuuKi, again.'»t hydrohiomir and ; l'\ I’^xner, 
hydnodic and ; F. Paschen, and K. Jtohioud, agiuust/w/rtssuon /tyt/ioj ide ; .\. KOnig, 
F. Pasttheii, and It. Hohrcnd, against sodium hydroxide; C. Imtncraahr, again.st barium 
hydroxide ; F. Pasehen, U. Immorwahr, and U. Bohrond, against potasamm chloride ; 

H. Bi'hri'ud, against poiasatum bromide , F. I’aSchen, H. Bchrcnd, Botlunund, and 
H. Brandenburg, against jjotasaium iodide; K. Boluend, against complex iodides; 
C. U. A. Wright amt C. Thompson, against tho silver haluha su.spondcd m soln. of the 
corresponding halide; luid tnic chloride, cadmium chloride, and nurcuioua hiomide and 
iodide susiieiidwl m soln. of tho corresponding zinc halide : F. M. U. Johnson and 

N. T. M. Wilsmorc, of a soln. of mercuric iodide in liquid ammonia. A. KOnig, and 

F. Paschoii, against nitric and ; (J. (loro, against ammonium, potassium, and sodium niiratea ; 
C. R. A. Wright and C. Thompson, against aili'cr nitrate ; 0. (iore, against strontium and 
barium nitraiea ; 8. Labondzinsky, against zinc nitrate, cadmium tiUralo, had nitrate, cobalt 
nitrate and nickel nitrate, F. l*aschen, and (}. (lore, against potasamm sulphate ; A. KOnig, 
and G. (iore, against sodium sulphate; G. Gore against ammonium sulphate, ammonium 
a/umi/it«m sulphate, sodium sclcnaie ; and sodium sulphite ; A. KOnig, against magnesium 
sulphate ; A. KOmg, tuid S. Lindeck, against zinc sulphate ; G. A. Ilulett and R. E. do Lurj \ 
against cadmium sulphate ; F. I^oschen, against ferrous sulphate. F. Paschon, H, Behrend, 
and O. Gore, against sodium carbonate ; F. Pascheu, C. Iruinerwahr, and G. Gore, against 
potassium carbonate ; F. Paschon, C. Immonvohr, S. B. Christy, and V. Rothmund and 

O. Gore, against potassium ryantdc ; F. Paschon, and H. Behroud, against mercuric cyanide ; 
C. Immerwidir, K. Behrend, and V^ Kotlunund, against potassiumKhiocyanate. C. Inuner* 
wahr, and H. Behrend measured tho potential of mercury against soln. of potassium dichrv- 
mate ; C. Iminerwahr, and K. Belirc'nd, against sodium hydrophosphate ; C. Immorwahr, 
against ammetnia complexes ; K. Belmmd, against ammonium chloride ; R. Behrend, against 
ammonium hytlrvride ; C. Immorwahr, against hydrogen sulphide ; C. Immerwahr, R. Beh- 
rend, and V. Rothmund, against sodium sulphide ; U. Brondeubuig against potassium 
sulphide ; R. Behrend, against potassium tartrate ; R. Behrend, against potassium oxalate ; 

G. Gore, against formic acid and sddium fonnate ; K. Behrend, against urea ; R. Behrend, 
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iBL BmodoobuiK. ood 0. Oom, agaiuit «orfMim ihioiuiptuU ; Q. Gore, ageiiMt •nd 

ttmmonium pk(»pk0U$ ; $cdium diborakf ; end Ixtrir and. 

KL Bornemann ^ meMured the e,m.t of the ceil Hg | | Hg. £. Neuuiatm 

studied the cell with Hg and H2SO4 againat Hg and a sat. aoln. of mercorous sulphate, 
and found it to be remarkably constant. K. 0 . Sullivan studied the cell with 
Hg I HgC'l, ahd hydrochloric acid against Hg { HgOI and a soln. of potassium 
chlorido ; and A. Lapworth and J. li. Partington against Hg j H^l and hydro- 
chloric acid (concentration cell) ; V. Rothmund studied the cell with Hg | flgOI, 
and a soln. of potassium chloride against mercury and a sulphuric ai'id soln. of 
mercurous sulphate ; S. Bugarszky against mercury and a soln. of mercurous bro- 
mide in potassium bromide, of mercurous iodide in potassium iodide, of mcrcurio 
sulphide in potassiujii hydrosuiphide ; of mercurous nitrate in potassiuni nitrate, 
of mercurous oxide in potassium hydroxide, and of mercurous sulphate in potassium 
sulphate ; and R. liUthcr and F. Pokorny against mercury and a soln. of mercurous 
sulphate in f>otassium sulphate. .1. von UepperlMirger studied cone, cells of tino 
sulphate soln. with mercury electrodes ; E. Biron, cone, cells of cadmium chloride 
with calomel electrodes ; and R. Ab(*gg, and M. 8. Sherill, cone, cells of mercuric 
bromide, and iodide, and mercuric cyanide with merc ury electrodes ; A. Ogg 
studied cells with mercurj' and a nitric acid soln, of mercurous nitrate against 
mercury with a nitric acid soln. of silver uitrat<‘ : 8. Bugarszky, cells with menmry 
and a soln. of mercurous bromide in potassium bromide, of mercurous iodide in 
jwtasHium iodide, or of mercurous oxide in potassium hydroxide, against mercury 
and a potassium acetate soln. of mercurous acetate, 8. W. J. Smith and H. Moss 
studiecl the e.m.f. of soln. with electrodes of mercury at rest and in motion. 

F. Paschen found that a mercury anode polarizers more quickly in hydrochloric acid 
than m sulphuric aci<l, and he attributed this to the formation of a coherent film of 
calomel ; A. W. Luubengayer also showed that the apparent irreversibility of the 
calomel electrode is due to the formation of a strongly adsorlx'd film of mercurous 
chloride on the surface of the mercury anode ; this liiin offers a high rt^sistance to 
the passage of the current. 

The electromotive force of various cells with mercury as one electrode and 
another metal as cathode, and different acids, bases, and salt soln. os electrolytci, 
lias been studied by A. Olierbcck and J. Edler.^o F. Streintz measured the e.m.f. 
of mercur)' and sulphuric acid against silver and silver sulphate ; copper and 
copper sulphate ; bismuth and bismuth sulphat<* ; cobalt and cobalt sulphate ; 
tin and stannous sulphate ; cadmium and cadmium sulphate ; zinc and zinc 
sulphate ; and against magnesium and magnesium sulphate*. M. H. Jacobi measured * 
the e.m.f. of mercury and nitric acid against a soln. of potassium cyanide and 
zinc, copper, cadmium, tin, silver, nickel, antimony, lead, and mercury. The cell 
with mercury and a soln. of mercuric oxide in one of sodium hydroxide against the 
hydrogen electrode has been investigated by J. N, Bronsted, and R. Luther and 
F. Pokorny ; the c^U with mercury and a soln, of mercurous sulphate in sulphuric 
acid against the Iwdrogen electrode by R. Luther and F. Pokorny, and A. C. Chap- 
man and H. D. Law ; mercury and a soln. of mercuric sulphati* against copjier 
or copper amalgam and cupric sulphate by L. W. Oeholm ; mercury and a soln. 
of zinc sulphate against zinc by J. Moser, J. M. Gaugain, and C. Hockin and 
H. A. Taylor; mercury and a soln. of cadmium sulphate against cadmium by 
C. Hockin and H. A. Taylor ; mercury and mercoric chloride against zinc chloride 
and zinc by H. von Helmholtz, and V. Buscemi ; mercury and mercurous chloride 
against zinc and zinc chloride, cadmium and cadmium chloride, copper and cupric 
boride, or iron and ierrous chloride by S. Czapsky, T. Godlewsky, and F. Streintz ; 
mercury, mercurous chloride, and zinc chloride against lead chloride and lead b^ 
P. Chroustchoff and A. Sitnikoff ; mercury and a carbonic acid soln. of mercuric 
carbonate against zinc by G. A. Hulett ; mercury and cupric sulphate against 
copper by J. Moser, N. A. Puschin, C. L. Sj[)eyers, and J, C. Poggendorfi ; metctiry 1 
and a sat. soln. of zinc sulphate in sulphuric acid against zinc and zinc sulphate by 
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W. Kistiakowflky ; mercury and a soln. of mercurous chloride in potassium chloride 
against zinc and zinc sulphate by W. Kistiakowsky ; against cadmium and cadmium 
chloride by E. Biron ; against silver, silver chloride, and cadmium chloride by 

E. Biron ; against silver chloride and silver by P. Chroustchoff and A. Sitnikoff ; 
and against hydrochloric acid and platinum by N. E. Loomis and S. F. Acree ; 
mercury and mercurous chloVide against lead and lead chloride by F. Pollitzer, 

E. Cohen, and U. Lutlier ; and against silver chloride and silver by F. Pollitzer, 
and J. N. Brdnsted. J. Regnauld measured the e.m.f. of mercury and of soln. of 
pota.ssium iodidi* with chlorine, bromine, or iodine against carbon and a sobi. of 
potassium iodide. M. le. Blanc measured the e.m.f. of the cells with mercury 
and a normal soln. of the chlorides of sodium, potassium, lithium, magnesium, 
calcium, strontium, Jtiarium, and zinc against an amalgam with the corresponding 
metal, C.*lIockin and H. A, Taylor studied the e.m.f. of many amalgams and 
alloys against mercury and sulphuric acid ; F. Paschen, the (> m.f. of mercury and tt 
soln. of zinc sulphate against zinc amalgam ; and C. L. Speyer, the e.m.f. of the 
same cell with soln. of various salts and acids. 

F. M. (i. Johnson and N. T. M. Wil8more27 ntudied cells with soln. of liquid 
ammonia ; L Kahlenberg, in pyridine ; and J. Neustadt and R. Abegg, in methyl 
alcohol, and ethyl alcohol ; W. Neghauer studied cells with fused salts ; and 
(J. Meyer, cells with glass as the electrolyte. 

The unit of eh'Ctrical press., the volt, is dehned by th«' Board of Trade as that 
which if steadily ujijilied to a conductor whose resistance is one ohm, will produce 
a current of one ampere, and is representi>d by ()-6U74(UKH)/M;M) of the electrical 
press., at a temp, of 1;V’, betw«‘en the jailes of the standard voltaic cell known as 
Clark’s and set up in a 8[»eedied way. The e.m.f. of a standard cell .should be 
readily re[iroduced ; it should not change with age ; and the changes should vary 
in n detiuite way wlnm the teiii]). changes. The silver chloridt* ( ell of W. dc la Jtue 
was used at one time as a standard <*ell, but it provi'd to be unsatisfactory. 

F. M. Raoult, 0. .1. Lodge, and J. A. Fleming attempted to u.se a form of DanieH's 
cell as a standard, but it \\a8 proved to be troublesome. Forms of thi* cell proposed 
in 1873 by L. (!lark have proved to be the most successful standard < ell. 

Four standard cells with a mercury electrode have attrac ted some attention, 

A. Gouy’s, H. von Ibdmholtz's, E. Weston’s, and L. Clark’s. Thi' gtmeral (diarac ters 
of standard cells have been discussed by W. Jiiger,-^ (i. A. Hulett. K. Kahle, 

J. Klemencic, C. J. J. Fox, P. .1. H. van Giuneken, T. Wulf, et(>. The thermo- 
dynamies of standard cells have been studied by E. J. ('oben and co-workers, 

R. A. Lehfeld, H. Rupp, L. G. Gouy, W. Jager, II. von Helmholtz, D. McIntosh* 

G. A. Hulett. 

In Clark’s standard cell,30 Zn 1 ZnSO^ j Hg 2 S ()4 | Hg, the reaction 
Zn-f-HgS 04 ^/uS 04 -f’ 2 Hg, goes from left to right during the discharge, and 

F. Pollitzer gives 82,402 cals, for the thermal value of this n'aetion at 18“. The 
preparation of cells of diiTerent form has been described by R. T. Glazebrook and 

S. Skinner, A. E. Kohler, H. L. Oallendar and H. T. Barnes, H. S. Carhart, 

K. Feussner, Lord Rayleigh, W. Jager, K. Kahle, J. Swinburne, 'W. R. Cooper, etc. 

B. Cohen and P. J. H. van Ginneken have shown that the cell gives good results 
between 20^' and 38''. The e.m.f. at 13'' was found to be 1-4378 volts by L. Clark ; 
1*4329 volts by H. S. Carhart ; 1-4343 volts by Lord Rayleigh ; 1-4344 volts by R. t! 
Glazebrook and S. Skinner ; 1'4322 volts by K. Kahle ; 1-4328 volts by W. Jager 
and K. Kahle ; 1-4333 volts by H. 8. Carhart and K. E. Guthe ; 1-434 volts by A. von 
Ettinghausen ; and 1*4323 volts by W. E. Ayrton, T. Mather, and F. E. Smith. 

G. A. Hulett found 1*4240 volts at 23" and 1-43300 volts at 15'*.’ The e.m.f. has been 
studied by many others— H. T. Barnes, F, Pollitzer, W. Kistiakowsky, S. Lindeck, 
F. S. Spiers, B. S. Twyman, and W. L. Walters, A. P. Trotter, E. J. Cohen, etc. 
W. Jager and K. Kahle gave for the effect of temp, at between 0" and 30° 

« = 1*4328 ~-0-00119(d- 15) -0-000CK)7(d-13)« volt; H. L. Callendar and 

H. T. Barnes gave £==Fi6*-0 001200(d-13)-000(X)062(d-13)* ; and Lord 
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Rayleigh gave 1 -0*00077(^—15)1. E. Cohen and L. R. Sinnige studied 

the effect of preas. 

The relatively large temp, coeff. of Clark’s cell is due to the large variation in 
the solubility of sine sulphate with variations of temp., and in order to reduce the 
temp, coeff., E. Weaton recommended cadmium sulphate because the solubility 
changes relatively little with temp. He also used an alloy of cadmium in place 
of sine ; and ho thus reduced the temp, cot'ff. to 0*01 per cent. The combination 
in Weston’s standard cell is therefore Cd I (’dSO^i j lIg 2 ‘^U 4 1 Hg, and the reaction 
is Cd -}'HgjS 04 ^CdS 044 - 2 Hg, from left to right when the cell is discharging. The 
effect of u.sing »‘adm>um amalgam has been studied by E. Cohen, J. Obata, 

F. E. Smith, S. VV. J. Smith. 0. H. Wind, H. C. Bijl, 0. A, Hulett.etc,. The con- 
struction of the cell has been discussed by W. Jager and co-wprkers, E. Cohen and 
co-workers, 0. A. Hulett and co-workers, If. T. Baruea, C. 11. Wind, P. J. H. van Gin- 
neken, F. E. Smith, J. Ibmderson, -A. Dearlove, E. Cohen and T. Kolinstamm, 
J. Blondm, H. C. Bijl, etc. The effect of different cadmium amalgams on the 
e.m.f. of the cell has been treated by W. Riunders, F. E. Smith, H. 0. Bijl, W. Jager 
and S. Lindeck, E. Cohen and co-workers, et<‘. According to J. Boerema, the 
e m.f. of the cell at 17'^ is 1 018,33 volts ; E. Warburg gave 1 0183 volts at 20*^ ; 
P. Janet and co-workers. 1*01836 volts at 2 (C ; W. E. Ayrton and co-workers, 
roiS'kjri volts at W. Jager, 1 ollM) volts; E. Cohen, 10185 volts at 25*^; 

G. A. Hulett, 101843 volts at 25°; and R. de Baillehaehe, 1*01836 volts at 17®. 
Other observations have been made by F. E. Smith, S. N. Taylor, W. Jager and 
co-workers, W. Murek, etc. A N. Shaw and H. K Reilley studied the ageing of the 
Western Cf’ll, S. W, J Smith found the temp, coeff. of the cell at 5° to be zero, above 
5° it IS positiv, and below, negative. K. A. Wolff gave for the e.m.f. of the coll 
nt^ , A’ ---1 0184-0 (KO(Jl()75(tl-2U)-0 0a214{tl-20)M-<KV38(fl-20)S;F.E. Smith, 
A -=Ai7*-0(KXi()315(tl--17)-o(V>b(^“17)*; W. Jager, A- O 0180- (K)438(^-2U) 
— 0 0^j65(t?— 20)“. Other observations have been made by W Jtiger and co-workers, 

H. von Steinwehr, H. T. Barnes, P. Janet and R Jouost, H. C. Bijl, A. Dearlove, 
S, C/apsky, E, Cohen and H. R. Kriiyt, etc. 

Attiimpts have be«‘n made to jirepare standard cells of exactly one volt, but 
the praetical advantage does not amount to much. In Helmholtz’s standard cell, 
Zu I ZnCl 2 i HgCJ I ilg, the e.m.f. is nearly one volt when the sp. gr. of the soln. 
of zinc chloride is 1 3‘Jl at 15°. An increase of 16 per cent, in the sp. gr. of the 
soln. diminished the e.m.f. by 3*5 per cent. Cells of this tyjie, with unsaturated 
soln., should be sealed so that evaporation may not rhange the sj), gr. of the soln. 
H. 8 . Carhart gave for the e.m.f. at 0°, showing that the 

temp, coeff, is positive. According to W. Hibbert, the bmip, coeff. is 0 *(XXX) 8 r) volt 
per degree. Tne cell has also been studied by W. Ostwald, and W. Jager. Gouy’s 
standi cell, 33 Zn | Zn 804 j HgO | Hg, is not reversible. The e.m.f. is about 
1*4 Volte, with a negative temp, coeff. of about 0*(KX)2 volt per degree. 8 . Lindeck, 
R. T. Qlazebrook and 8 . Skinner, W. Jager, C. Limb have studied the cell. Accord- 
ing to W. J^er, the cell Cd | CdCl 2 1 HgCl | Hg, with an e.m.f. of about 0*75 volt, 
and a negative temp, coeff. of 0*(XX)25 volt per degree, is not suitable as a standard 
cell. J. Obata studied the e.m.f. of the standard ccdl Jig ' Hg 2804 , CUSO 4 | Cuanisigum* 

W. Ostwald w gave —20 Cals, for the heat of ionization of the Hg *-ion from 
the element, and W. R. Bousficld and T. M. I^owry - 19 28 Cals, for the Hg -ion, 
while that of hydrogen is — 0*6 Cal. W. Ostwald also gave -- 20 f>(X) cals, per 
valence. J. Stark, A. 8 , Eve, P. Drude, R. Pohl, R. Fiirstenau, R. Schenk, etc., 
have studied the relation between the electrons and molecule of mercury. The 
transport nnmbers of ions have been measured by E. Rieger, J. F. Daniell and 
W. A. Miller, W. Hittorf, A. Chassy, C. L. Weber, J. Moser, G. Kuminell, R. Gans, 
P. Straneo, and 8 . Lussana. The electrochemical eqniTalent of mercury hoi been 
measured by R. Abegg, H. Buff, etc, ; 3*7352 grms. of mercury separate per amplre- 
hour from soln. of mercuric salts. 

The decomposition voltafes of many ^mercury salts have been measured by 
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R. Abegg and G. Bodlander, A. Coelm and E. Neumann, B. Abel, B. Bose, J. E. Root 
P. Glaser, W. Kettembeil W. D. Bancroft, etc.ss The electroljtic solution Jiressure 
is given as 31x10“^® atm, bj B. Neumann; and the soln. press., that is, tJi,> 
excess press, against the press, of the ions, calculated by W. Ostwald 6t)m the 
obseirations of F. Braun and C. R. A. Wright and C. Thompson, ia approximateh 
10“^® atm. The overvoltaj^o of hydrogon on a mercury electrode is about 0’8 volt, 
corresponding with bivalent mercury; 0*4 volt corresponding with univalent 
mercury ; and zero voltage corresponding with non-valent mercury. Accordinc 
to E. Newbory : 

'rho first Htate is prodtu^'d !>y, and w poniuioont at, low-current densities, and is generally 
shown by fnwh mercury. The WH'ond state is shown by mercury wliioh has been kept 
for some lime in (‘ontapt with dil. atsid, and ap|>ears to l>e unstable when a current is flowing. 
It may bf' dlie to the formation of traces of inercurom salt absorb<‘d on the mercury surface 
and also carried into the body of the mercury by movements due to change of surface 
teiwion. 'I’his salt on dt^comnosing would tend to give the hydride corresponding with 
univalent mercury, and thoit^foro the lower overvoltage. The third state is permanent at 
high-current densitii'S, and when once acquired takes a considerable time for its removal. 
Its sudden appearance is accompamc<I by an equally sudden changes in the size of the bubble) 
of gas lib<'rated, frrun large to very small. 

The overvoltage of mercury has been measured by W. A. Caspari,®® A. Coehn, 
J. Tafel, E. Muller. S. Dunnill, E. Newbery, H. G. Mdller, J. W. Walker and 
C. 8. Paterson, and 0. N. Lewis and R. F, Jackson. G. Carrara found 0*77 volt in 
methyl alcohol soln., and 0*56 volt in ethyl alcohol soln. The polarization of the 
mercury cathode has been studied by E. Warburg, W. Lietzau, E. Roth4, 
J. Roschkowsky, M. le Blanc, G. Lippmann, B. Bouty, F. Streintz, J. Tafel, 
F. TtdtschfT, G. N. Lewis and R. F. Jackson, etc, S, Dunnill studied the over- 
voltage of tlu^ mercury cathode. S. Magrini observed a curious effect of electrolytic 
polarization and deijolarization with the consequent variations in the surface 
tension and form of a drop of mercury : 

When the end of a pioc<» of el eon magnesium wire is brought just into contoijt with a 
drop of men'ury placed m a basin or wateh-gloss and covered with 01 —0-2 |)cr cent, hydro- 
chloric acid, the mercury at once licgins to undergo rhythmic contraction and distensions, 
the movements continuing until the magnesium wire is removed. If the end of the wire 
is central to the upper part of the drop, the rhythmic movement producf's a surface undulated 
in concontrio rings, whereas if a non-i'cntral fiosition is occupied by the wire, an undulating 
ellipsoidal form results, this undergoing rhythmic contnu'tion and distension in directions 
mostly jwrpendicular to one another Tlu' rapidity of the oscillations varies with the 
magnitu(h' of the drop. The same ])hciiomcnon is obw'rved if the hydrochloric acid is 
replaced by a soln. of [lotossium hydroxide, sodium carbonate, ammonia, etc., but it seems 
n«»oessary that hydrogen should bo evoivcil by either direct or secondary chemical action. 
The phcnonienon is esiHH*ially marked uitli an aluminium wire and a soln. of potassium 
cyanide. With an iron wire and hydns'ldoric acid soln., the movement of the mercury 
occurs only if the wire is applied to the .side of the mcreurv where the curvature of the drop 
is greater than at the upjior surface, 

E. Perucea studied the electrification of mercur>' by friction; M. Konig, the 
electrostatic charge carried by fine {articles of mercury falling in different gases; 
H. Schuler, the c^itUode and anode drop in inercurj' vacuum arc ; H. Sponer, the 
effect of colliding electrons on the mercury atom ; and J. S. van der Lingen, 

J. K. Robertson, and J. von Kowalsky, the electrodeless discharge in mercury 
vapour. E. Bouty measured the dielectric cohesion of mercury vapour. Y. T, Yao 
studied the low voltage arc in mercury vapour. 

According to M, Faraday, 38 mercury ia diamagnetic. G. Quincke found the 
magnetic susceptibility to be, air unily, —2*6x10'^ vol. units at 19° ; S. Meyer 
found -2*1 xl(r« vol. units at 15° ; K. Honda, -0*193 Xlfn* mass unite at 18° ; 
and Q. Meslin, 0*19x10“® mass unite; K. Honda said that the magnetic sucepti- 
bility remained constant between atm. temp, and the b.p., but M. Owen found it 
to increase numerically in passing from -170* to -39°, A. Dufour found a magnetic 
field lengthened the stream of mercury flowing from a capillary tube. 

0. Maurain used mercury as an electromagnetic screen. G. Bemdt found that 



« numinetic field acaroely'afieeted the electrice! resistance ot merouiy ; and T. dM 
Ooudrea likowiae obeerr^ no change in the themioelectrie properties in the magnetic 
field. A. Dufour studied the rotation of the arc in a magnetic field, and A. rerotj 
the efiect of a magnetic field on the luminosity of the arc li^^ht in a vacuum tube. 
P. Pascal measured the magnetic sensitiveness ; W. N. Fenninger, the Hall effnnt ; 
and H. Geipel, the magnetic properties at the temp, qf liquid air. 
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§ 4. The Chemical Properties o! Mercury 

Mercury is not altered by shaking it in an atm. of hydrogtRL J. J. van Laar i 
found a slight absorption whereby the metal acquires an electric charge, and 
H. Wislioonus stated that lOi* times less hydrogen is occluded by mercury than by 
copper. V. L. Chrisler also found that the press, in a hydrogen tube, fitted .with a 
mercury anode and nickel cathode, fell from 2'41 to 2*366 mm, in 7 mins., and when 
jti jjjitim is substituted for hydrogen, the decrease of press, is twice as loeat. 
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M. Bcrthelot could detect no sign of any reaction between aigon or helium and 
mercury, nor could J. St^rk detect any action of argon on mercury in a atream of 
canal rays. According to P. Fischer and F. Sohroter, argon does not react with 
mercury when an arc with mercury as cathode and carbon as anode is made under 
liquid argon. A black cathode dust of mercury is formed. 

0. Lww,* and I. Wala obtained a pasty mass by'shaking lino amalgam with a 
soln. of mercuric chloride containing platinic, palladous, or auric chloride. Air 
must be excluded, and the mixture kept cold. According to E. Dutor, the electrolysis 
of water with a mercury cathode and platinum anode gives a pasty mass which gives 
hydrogen when the current is interrupt'd ; and A. Potier observed similar 
phenomena in the electrolysis jof a soln. of the nitrate. The ]>roduct decomposes 
slowly when dried or when kej)t under water ; and. a<‘cording to 0. Loew, the 
mercury loses ir)0 times its vol. of hydrogen, and the mass swells considerably during 
the evolution of the gas. It reduces ferric salts and ferricyanides, and decolorises 
potassium permanganate. Accx)rding to G. Meyer, and C. A. St'cly there are no 
grounds for assuming this product is a mercitry hydride, W. Duane and G. L. Wendt 
found that immediately hydrogen has been bombarded by a-radiations the gas is 
activated so that it reacts with mercury, forpiing yellow crystals of what may be 
mercury hvdridc — vide 1. 7, 7. F. Paneth and co* workers observed no sign the 
formation of a gaseous mercury liydride by the action of activated hydrogen. 

G. N. Ijcwis and R. F. Jackson deduced the existence of hydrofjen amalgam from the 
behaviour of the mercury cathode during the stq^aration of hydrogen in electrolysis. 

A. Matthiesson and C. Vogt 3 found that no oxygen is absorbed by purified 
mercury, nor is the mercury aflected by shaking it witli air or oxygen ; 

C. Christiansen, and J. M. Crafts found very little action when purified mercury is 
shaken with oxygon or air ; and M. de Broglie dek'cted some oxidation when the 
shaking is vigorous. J. Stark found that mercury takes up o.xygim when exposed 
to the canal rays. E. Arnagat found that at ordinary temp, no action occurs even 
at high press, if the oxygon be dry. M. Berthclot fi)und mercury is superficially 
oxidized by oxygi'n or air, and the action is acc4*l(iraU‘d by the ])rc8cnre of acids ; 
and D. Macaluso said that the oxidation occurs only in the prt'sence of water vapour. 
According to H. B. Baker, mercury vapour, under ordinary circumstances, contains 
only atoms of mercury which exhibit little tendency to combine with oxygen. The 
vapour, however, is ionized in the mercury vapour lamp, and when the current is 
cut off and oxygen is admitted shortly afterwards, the mercury bccomea covered 
with a layer of mercuric oxide. Since the temp, of the lamp is much below t^t at 
which ordinary’ mercury vapour combines with oxygen, it is evident that in this •• 
case ionization can bring about chemical action. The oxidation of heated mercury 
has been previously discussed— 1. 1, 16 ; 1. 8, 2. 

According to L. Gmeliu, when the two of flare’s deflagraior are made to dip into 
two vessels full of mercury, and tlie mercury allowed to run in a flno stream through a 
narrow 0[>cning f rom t he upper to the lower vessel, visible combustion takes place, Accoi^ng 
to R. Haro, the blue light which is seen whenever the circuit of a powerful galvaruc battery 
is closed by dipping the conn(H;ting wire into mercury, ih likewise due to combustion of the 
mercury. C. F. S^Onlioin found that mercury acts in the presence of oxygen as a ootalytio 
agent upon some colouring matters. 

Oxygen free from ozone does not affect the mirror-like surface of mercury, but 
the latter is readily attacked by drj’ OZOne. According to A. Volta, when a tube of 
mercury is brought in contact with dry ozonized oxygen, the meniscus instantly dis- 
appears, and the surface becomes quite plane ; after a few minutes' contact with the 
ozone, however, the e^es become depressed, and the meniscus again reappars with 
a clean surface, the convexity gradually increasing until it far exceeds the .normal 
curvature ; this lasts for a couple of hours, and then the meniscus returns to its 
ordinaiy state. This phenomenon the author believes to l)e electrical, the period 
of maximum convexity corresponding with the maximum polarity of the metal ; 
this, as in the case of other metals, is negative, but there is no pennanent deflection. 
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Analogous results are obtained with moist ozone» but they are much less strongly 
mark^. According to A. von Antropo^, if ozoniied oxygen be passed through 
mercury, the latter becomes pasty and appears like tin-amalgam. It baa been 
stated that ozone reacts with mercury, forming mercurous oxide, HgjO. W. Manchot 
and W. Kamp8chult(‘’8 observations are indicated under ozone — ^1. 14, 6. 

According to M. T, Leefco, water vapour is not decomposed by mercury. 
D. Macaluso found that air-free water-vapour does not affect mercury ; but with a 
mixture of air and water-vapour oxidation takes place, with the production of the 
well-known grey pellicle of suboxide. This action is analogous to the formation of 
mercurous chloride when mercury is left in contact with gaseous hydrogen chloride 
or its aq. soln. in presence of air, whereas in pure hydrogen chloride, or its pure aq. 
soln. perfectly deprived of air, no such formation takes place. A. Wiggers,^ and 
B. B. Anthon believed that mercury is slightly soluble in boiling water, because 
the liquid which is obtained by decantation from the mercury, when cone, by 
evaporation, gives the reactions of that clement. C. Paton, and J. Girardin failed to 
detect mercury in water which had been boiled with that element ; and L. Gmelin, 
and B, Riegol also showed that there is no foimdation for assuming that mercury 
is soluble in water, because, when w^tcr is poured upon mercury, boiled down to 
one-half, decanted, then left to stand for several days, again decanted, and thrown 
upon a thick paper filt<'r, small quantities of mercury, sufficient to silver gold-leaf, 
remain on the filter ; but the filtrate, when mixed with nitric acid and evaporated, 
shows no trace of mercury. If 0. Barfoed’s statement be true that mercury can 
diffuse through a film of water at ordinary temp., the metal must be soluble in that 
menstruum. This is confirmed by A. Christoff’s observation that mercury can 
dissolve in and diffuse through water which contains air, nitrogen, carbon dioxide, 
sulphuric acid, potassium hydroxide, and also through benzene, nitrobenzene, or 
alcohol. The diffusion of mercury was proved by the reduction of a soln. of auric 
chloride contained in a separate vesst*!. It was so shown that mercury left for a 
long time in contact with water suffers a slight loss in weight, although the amount 
of mercury retained by the water is too small to be detected. F. Fischer also made 
observations on the “ chemical soln. press." of mercury. According to C. F. Schon- 
bein, ozone — or is it hydrogen peroxide ? — is formed when mercury is shaken 
with air and water, and on adding potassium iodide, a blue colour appears and 
potassium mercuric iodide is formed ; and, added K. Vo it, if sodium chloride is 
present, sodium mercuric chloride is formed and f^uaiacum tincture is coloured blue. 
The presence of mercury was found by W. van Rijn to accelerate the attack of iron, 
•• magnesium, and particularly aluminium on water, but not the attack by zinc or 
nickel. 0. P. Watts and N, D. Whipple included mercury in their study of the 
action of various reagents on zinc— 

C. F. Sohonbeiu ^ found that guaiacum tincture is coloured blue by hydrogen 
peroxide in the presence of mercury. According to J. A. Kappers, and B. J. B^r- 
rigter, when mercury is shaken with a soln. of hydiogon peroxide* the meniscus is 
flattened, and a film of black powder— a mixture of mercurouir and mercuric oxides 
—is formed. T. Fairley found that the presence of hydrogen jieroxide favours the 
dissolution of merCur)^ in acids ; and with hydrochloric acid, mercurous chloride 
is formed. When mercury is covered with a 10 per cent. soln. of purified hydrogen 
peroxide, a bronze-yellow film appears on the surface of the metal, and the 
development of oxygen begins. According to G. Bredig and co-workers — E. Wilke, 
and J. Weinmayr — the catalytic decomposition of hydrogen peroxide by mercury 
proceeds rhythmically with a regularly increasing and decreasing velocity. It is 
estimated that the minimum thickness of the surface fiW^of active mercury is 
3x10“* cms. It is assumed that the periodic reaction is conditioned by the 
formation and decomposition of a film of what is probably mercurons oxide, for 
if agents which dissolve this oxide are present the pulsating action ceases — sodium 
sulphate or carbonate, potassium nitrate or chlorate sot vigorously, acids, or 
potassium chloride or bromide act feebly. The optimum alkali addition m from 
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1(^ to 10^ mol per Utae. Temp, lua « great influence ; cooling inoreaaea the 
period of oscillation, warming malcea the reaction aperiodic. Reducing the pieaa. 
ietaena, and illumination raiaea the activity. The addition of 4xl0~* to 2xl0~* 
mol of alkali chloride per litre paralyzes the action ; sulphates retard the action ; 
and nitrates have no influence. During the [periodic action, the electrolytic tension 
of the mercury varies periodically. The theory of *the action has been discussed 
by A. von Antropofl, R. Wilke, C. Predenhagen, and T. Okaya. According to 
D. Borar, a soln. of sodium dioddo is not affected by niercury. 

According to H. 0. Schuyten,^ the halogttQ in mercuric chloride, bromide, or 
iodide can be replaced by the other halogens even in the presence of an excess of 
the salt ; the only exception is in the case of men*uric bromide and iodine, for the 
bromine is not displaced by the iodine. According to W. A. Shenstone, the presence 
of,.moisture is not necessary for the halogens to react with mercury. J. 8chr6der 
also found that the halogens are specially reactive with mercury salts dissolved in 
pyridine . The actions of fluorine and hydrogen fluoride ; of chlorine and hydrogen 
oUoride ; of bromine and hydrogen bromide ; and of iodine and hydrogen iodide 
on mercury, will be discussed in connection with the preparation of tin* correspond- 
ing mercury halides. G. Keboul showed that when chlorine is much diluted with 
an inert gas, and passed over mercury, no marked production of conducting ions 
occurs ; and that the vapour of chlorine, bromine, or iodine, diluted with an inert • 
gas, attacks a meniscus of mercury most vigorously where the curvature is grtuitost. 

K. Strzyzowsky has also mad<‘ observations on the action of iodine on mercury. 

J. Schr^er not(*d tliat the mercury formed by the action of pyridine on mercurous 
salts is immediately converted by iodine into mercuric iodide*, which then passes into 
soln. R. Varet found mercury dissolves in a potassium iodide soln. of iodine, and, 
according to K. G, van Name and G. Edgar, in a potassium bromide soln. of bromine. 

R. S. Norris and F. G, Cottrell found that liquid hydrogen iodide rapidly dissolves 
mercury at ordinary’ temp, with the evolution of hydrogen and the formation of 
both ioilides. According to W. Nernst, A. Harding, and K. Dolezalek, cone, hydro- 
chloric acid dissolves mercury with the evolution of hydrogen ; and, according to 
A. Harding, hydrobromic add dissolves mercury. J. B. Hannay found that iodfoe 
monochloride forms mercuric chloride and iodide. J. J, Budborough found that 
nitrosyl chloride, NOCl, and mercury, in a sealed tube, in the cold, form golden 
plates which decompose on opening the. tube, furnishing mercuric chloride and 
nitrosyl chloride. According to P. Nicolardot, sulphur mchloridc* ^Cl^, acts on 
merc ury like hydrogen chloride, but if the attack is slow, mercury sulphide is formed ; 
H. B. North found thiooyl chloride does not act on mercury in the cold, but with a « 
large excess, a few hours’ heating at 150“ furnishes mercuric chloride, sulphury! 
chloride, and sulphur dichloride ; with a small excess, mercuric chloride, sulphur 
dioxide, and sulphur dichloride ; while, if the mercury is in excess, mercurous chloride, 
sulphur dioxide, and sulphur dichloride are formed ; mercury and solpburyl ohloridl 
in a sealed tube at 160“-180® furnish mercuric chloride and sulphur dioxide. 

J. A. Besson found thionyl bromide forms mercury bromide, sulphur dioxide, and 
sulphur, while thionyl chlOTObromide forms mercurous bromide, thionyl chloride, 
sulphur dioxide and sulphur. E. Divers and M. Bhimose found lelenium dichloride, 
Be 2 Clj, is decomposed by mercury. H. Moissan found that phoephoroiis triflttoride 
does not act on mercury at H. Goldscbmidt found that mercury and phoi* 

phoric oblofido* PCls, furnish mercuric chloride and phosphorous chloride, P0]|. 
According to J. A. Besson, mercury decolorizes a soln. of phogphoroiui iodidB in 
carbon disulphide, and mercury iodide is formed. B. Eeinitzer and H. Goldschmidt 
heated an excess of iflercury with idlOfl^imid ohlorida^ P 0 CI 3 , for 15 hra. at 2^", 
and obtained phosphorous chloride, phosphoric oxide, pyrophosphoryd chloride, 
PjOjCl 4 , crystals of mercurous oxide, and rod mercury phosphide, while if the 
phosphoryl chloride be in excess, mercuric chloride and phosphate are harmed. 
0. Rnfl and co-workers found that tonglieo hcnfloofide attacks mercu^especially 
tn the presence of hydrogen fluoride ; twngjrtlli Oiyt^llfltioridgp WOF4, attacks 
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mercury only when warm, or in the preaence of moisture. According to G. Meyer, 
the salt condenses on the surface of mercury immersed in a soln. of aUuili cfaloii ^ ; 
but, according to I. Bhaduri, neither neutral nor alkaline soln. of alkali chlorides 
act on mercury. J. Muller observed the formation of sodium mercuric chloride 
when a soln. of sodium chloride is shaken with mercury. W. Palmaer observed that 
a soln. of potassium chloride or potassiom iodide dissolves mercury in the presence of 
air. A. Ditto made a similar observation, and H. S. Hatfield found that the dis 
solution of mercury in an aq. soln. of mercuric and potassium iodides in the presence 
of air, is accelerated in sunlight if a trace of an iron salt be present. J, Shukoff 
found mercury is dissolved at the anode during the electrolysis of soln. of the potss- 
siniU bromide, chloride, or iodide. According to C.*Barfood, and D. Vitali, an aq. 
soln. of auric chloride or hydrochloroauric acid absorbs mercury vapour and gold 
is produced ; the reaction is very sensitive in the absence of nitric acid. A soln. of 
platinic chloride acts similarly. W. Welters found hypochlorous acid attacks 
mercury, forming mercurous chloride, or, according to A. J. Balard, mercuric oxy- 
chloride, while, af'cording to I. Bhaduri, hypOChlorites form mercuric oxide. 
I. Bhaduri found that soln. of alkali chlorates have no action on mercury. A. Ditto 
stated that im^rcury is attacked by iodiC acid. 

According to R. von Schrotter,"^ C. Brame, and M. Rosenfeld, when sulphur and 
mercury are heated together, the two elements unite to form mercury sulphide. 
Similar remarks apply to sclcuium. A. Baudrirnont found that sulphur chlorido 
converts mercury into nu'reurous and mercuric chlorides. U. Antony and G. Magri 
found liquid hydrogen sulphide has no action on mercury, and. according to 
M. Bcrthc'lot, hydrogen sul})hide does not ri‘act with merrury at ordinary temp., 
nor at KK) ' if moisture be exc'ludcd ; but if oxygtoi bc' also presc'iit, mercurous 
sulphicb^ is formed at ordinary temp.— the presenci' of moisture retards the redaction. 
G. lleboiil observed that the attack by hydrogen sulphkh' on the mercury meniscus 
is fasti'st where the curvature is greatest. .1. Milhuuer found that the presence of 
mercury does not stimulate the reaction l)etw(‘eii sulphur and hydrogen. M. Berthe- 
lot found that nn'rcury very slowly decomposes hydrogen selenide witli the formation 
of mercurous seleiiid*^ the reaction is not compli't'^'d in three yi^ars at ordinary 
temp. W. Palmaer found that a soln. of sodium sulphide slowly dissolves mercury 
in the presence of air. 0. Brunck found that sodium hsrposulphite reacts with 
mercury, forming mercuric sulphide. According to M. Bertholot, mercury is not 
attacked by a cold aq. soln. of sulphur dioxide even after many days’ action, alone, 
or in the presence of hydrochloric acid or dil, sulphuric acid. E. Divers and 
T. Sliimidzu stated that mercury is not chemically attacked by sulphur trioxide 
provided moisture is rigorously excluded ; the only phenomenon observ^able is the 
ready pulverization of the mercury after it has been shaken with the trioxide. 
0. M. van Deventer found that cone, sulphuric acid readily attacks mercury while 
the dil. acid has no action. Water-free sulphuric acid was found by M. ^erthelot 
gradually to attack mercury, and if shaken at 20^* for a couple of months, sulphur 
dioxuh‘, mereurie 8ul[»hate, and a trace of mercuric sulphide are formed. A. Ditte 
said that only hot cone, sulphuric acid attacks mercur}’, forming sulphur dioxide, 
and J. R. Pitman, in opposition to C. Baskerville and F. C. Miller, found that cone, 
sulphuric acid at 25° does not attack moist or dry mercury, whether air be present 
or absent, and whether the acid be in excess or not. According to J. B. Hannay, 
hot cone, sulphuric acid forms a mixture of mercurous and mercuric sulphates, and 
if the mercury is completely dissolved, only mercuric sulphate is formed. He 
attributed the formation of mercurous sulphate to the reducing action of sulphur 
dioxide. C. Baskerville. and F. C. Miller found that an excess of mercury with 
sulphuric acid of sp. gr. r84 forms sulphur dioxide and white crystalline mercurous 
sulphate, but at about 20° this compound is decomposed by the excess of acid. 
When a mixture containing an excess of acid is heated at 100° for 20 brs., 
mercurous sulphate is obtained, and on heating at 150° for 2 hrs., a mixture 
of mercurous and mercuric sulphates is produced, containing 50 per cent, of 
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tUe former silt ; aa the temp. ’i» raised, however, the amount of mercuroua sul* 
phate diminishea until, when mercury ia added to the Iwiling acid, the product 
coDshite entirely of Jiiercuric 8 ulphatt‘. When inercurt>iia stilphate, or a mixture 
of this with mercuric sulphate*, is heated with sulphuric acid, the amount of sul- 
phur dioxide evolved is proportional to the quantity of mercurous salt present. 
No indication could be. obtained of the lilMTution of hydrogen during the initial 
stages of the rt^action, and no sulphide or free sulphur was produced. The acid is 
directly reduced by the metal, even at ordinary Uunp. No trace of hydixigen, 
sulphur, or sulphide was formed. The sulphuric acid does not act on mercury 
like it does on copper ; and by the prolonged action <>{ the acid, C. IWkerville 
obtained 8 t)me mercurous sulphide. P. Braliam stat^MJ that if the sulphuric acid 
contains a trace of nitric acid, mercurous hydrt^sulphate, HgHBO^, is formed after 
about a year’s contact with mercury. J. Tafcl has shown that no hydroxylainine 
is produced when nitric acid acts on mercury in the presence of sulphuric acid, and 
the reaction has been discussed by W. I). Bancroft. E. Sulkowsky found that dil. 
Buljihuric acid attacks mercury in the presence of hydrogen jaToxide. S W. J . Biiiith 
Htudit'd the action of a mixture of sulphuric and hydrochlorie adds. A, Sie verts 
and P. Lueg studied the retarding effect produced by alkaloids in the action of 
sulphuric acid on mercury. 

(f. Meyer found that with soln. of sulphates there is a eondeiisation yf the salt 
at the Hurfu(‘e of the mercury. W. R. E. llodgkinson and N. E Bellairs found that 
fused anunonium sulphate acts less energetically on inereurv than on copper ; 
W. Smith attributed the action to the formation of ammonium hydrosulphak*, 
Nlf4lIS04. Areording to 1 ). Borar, a hydrochlorie acid soln. of Cupric sulphate is 
reduced to cuprous chloride by mercury. E. Divers and T Shiniidzu found that when 
pyrosulphuric acid ac ts on mercury no effervescence occurs, provided t he vessel m 
occasiunaily shaken to renew contait. As the action proceeds, mercurous suljihate 
slowly separates in the solid state. By using an acid containing much sulphur 
trioxide, tin* whole may become solid, and the action arrested in (xjnse<|uenre, 
In any case, when the action has proceeded far, sulphur dioxide escapes freely from 
the lujuid with slight efTervescence. If the soln. of the m<*rcury in the acid is 
(joured int^) water, mercurous sulphate is precipitated, mixed with meiallii' mermirv, 
and no sulphur dioxide is left. But the already solidified mercurous sulphak is 
not thiis atfect-^'d by contact with water. The dissolution of the mercury without 
evolution of gas is attributed to the great solubilit\ of sulphur dioxide in fuming 
sulphuric acid, and the precipitation of mercury which occurs, when the fuming 
acid soln. of mcn'ury is treated with wakr, is due U) the action of sulphur dioxide 
on meri’urous salts. Aecordin*^ to N. Tarugi, persillpliate8» in acid, neutral, or 
alkaline soln., attack mercury — the jiotassiuin salt less tardily than the ammonium 
salt -and, according to M. G. Levi, E. Migborini, and G. Ercolini, the men ury is 
covered by a yellow powder of mercuric oxide or basii' sulphate. According to 
D. Borar, when a cohi soln. of potaasium pcrsulphak is shaken with mercury, a 
slight black prccipitat<? is first formed, and then a whiU* precipitate* which slowly 
changes to a lemon-yellow colour. The soln. acejuires an acid n*action, and it 
contains |)otassium sulphate. With hot soln. a yellow precipitate* is formed almost 
immediately. Mercuric sulphate readily gives the yellow basic sulphate when 
treated with water, while menmrous sulphate, even on boiling does not do so. The 
sugge.sted reactions are symlwlixed : 2K2820e +21120— 4KH8()4'f02 ; 4KH8O4 
+ 02 + 2 Hg= 2 K 2 S 04 f 2 HgS 04 f 2 H 2 O ; and 2Hg804+3H20 -H2S0,+Hg804. 
Hg 0 . 2 Ho 0 . When mercury is heated with selenic add, H28e04, W. (J. A. Cameron 
and E. W. Dav}’ fouifd a mixture of mercurous and mercuric selenite, but if the 
selenic acid be in excess, mercuric selenate is produced. According to M. E. Poxxi- 
Escot, a trace of sodiom tungstate in cone, hydrochloric acid produced* a blue 
coloration in the presence of mercury. A. Chileaotti found that the mercury 
cathode is not suitable for reducing molybdates. * 

According to F. Emich, a mixture of sulphuric acid and sodium nitrite reacts 
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witii mercuty, forming nitric oxide, and the velocity of the reaction ie proportioiial 
to the surface pr(‘«pnted by the mercury ; while P. Sabatier found that when 
merc^ is shaken with sulphuric acid and sodium nitrite, blue nitrosodisulphonic 
acid is formed. According to F. Raschig, nitrosomlphonic add or nitrosulphuric 
acid, ONO.HSOa or N0.,.H803, in the presence of cone, sulphuric acid, is reduced 
by mercury to what he regaids as blue nitrososulphonic acid, N0(0H)H80j, or 
what E. Divers regards as nitroxysulphuric acid, HO.NOj : N.H8^, and then to 
nitric oxide and sulphuric acid ; B. Divers represents the reaction differently : 
2Hg-f-0N0.HS08-|-N0.804=Hg2804+H0.N02 : N.HSOj ; and 0. Wentzky inter- 
prets the reaction still another way. W. Manchot also noted the reduction, by 
mercury, of the blue-coloured nitroxysulphuric ad^ NO.NO2 : N.HSQs, produced 
in the manufacture of sulphuric acid. 

F. H. Newman ® studied the eflfect of nitrogen on mercury as cathode in a dis- 
charge tub<5. Mercury can bo agitated for a long time with nitrogen without 
change, and M. Berthelot could detect no reaction between the two elements. 
M. de Broglie found that nitrogen is ionized when bubbled through mercury. 
According to J. Stark, nitrogen is absorbed by mercury in a stream of canal ra3r8. 
K. J. Strutt found activated nitrogen reacts with mercury, forming metcury nitride. 
W, Weyl, and K. 0. Franklin and C. A. Kraus stated that mercury is not soluble 
in liquid umiuoniat but W. Weyl found that sodio-ammoniiim and mercuric animino- 
chlorido react to form mercury diammine, Hg(NH8)2, as in the case of zinc ammine. 
C. Matignon and (1. Desplantes found mercury is oxidized when shaken with aq. 
ammonia in the presence of oxygen. J. McKay found that when a soln. of hydroxyl- 
aminc is electrolyzed w'ith mercury electrodes, it forms anmionia. P. Sabatier 
and J. B. Senderens found that mercury is not perceptibly oxidized at 450° in 
nitric oxide ; W. Ramsay found nitrogen peroxide to be decomposed by mercury ; 
C. F. Gerhardt obtained mercuric nitrate and nitric oxide by passing nitrogen 
peroxide through cold mercury ; and E. Divers and T. Shiniidzu represented the 
reaction : lfg-|-N204= “HgN03-l“N0, and showed that a little mercuric nitrate 
but no nitrites is formed, F. Russ found that nitrogen peroxide has no appreciable 
action on mercury at low tc'mp. G. Reboul found that nitrogen trioxide attacks 
a meniscus of mercury fastt'st where the curvature is greatest. 

E. J)iv»*rs lik('ned the action of nitric acid and nitlOUS acid on mercury to that 
of th(’ same acids on copper — q.v, E. Abel found cold O ^iV-HNOs has no perceptible 
action on mercury. According to N. A. E. Millon, purified nitric acid acts on mer- 
cury only when a reducing agent is present, and V. II. Veley, and E. Divers showed 
that nitric acid freed from nitrous acid does not attack mercury ; and J. H. Stansbie 
found that the speed of the reaction is dependent on the proportion of nitrite 
which is ])rc8ent ; and is decreased when the nitrite is converted to nitrate by 
boiling. W. Reuss obtained only mercurous nitrate by the action of dil. nitric acid 
on mercury in the cold, and also when heated on a water-bath provided th<‘ cone, 
of the nitric acid does not fall below 4 per cent, nor rise above 20 per cent. HNO3. 
According to P. V. Ray, when mercury is covered by a lO-cra, layer of nitric acid, 
of sj). gr. 1 ’ll at 15°, and at a temp, of 3()°-35°, bright yellow crystals of mercurous 
nitrite are freely formed. A part of the nitric acid is reduced to nitrous acid ; some 
of the nitrite is decomposed by the nitric acid, and the proportion of nitrous acid in 
tho soln. rapidly increases until mercurous nitrite and nitrate are accumulating in 
equi-moleciuar proportions ; the proportion of nitrous acid in the soln. then remains 
(ionstant and acts as a catalytic agent in the reaction between mercury and nitric 
acid : 2Hg-f 2HNC\~HgN02-f-HgNQj-f-H20. He further assumes that when dil. 
nitric acid and mercury are left in contact for a long tinte, the following nine 
salts may form: (1) Hg2(N02)a; (2) (3) Hg2(N03)2.2H20 ; 

(4) H0.H(<2.N03; (5) Hg2(N0s)a.H0(N03)Hg2 ; (6) Hg2(N0s)2.4H0(N08)Hg2 ; 
(7) Hg0.2H0(N03)Hg2 ; (8) H§O.HO(NO8)Hg.HO(N08)Hg2 ; and (9) HgfNOa)* aq. ; 
not all of these salts have been isolated. According to C. Montemartini, mercury 
yields no ammonia with 27 and 50 per cent, nitric acid ; the quantity of nitrm 
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oxide prodooed dimmuhee u ibe cone. mcr«eaM ; 27*5 per cent, eoid givee no 
nilvogen peroi^e, but stronger ecid yields large (|ua]ititic8 just as in the cases of 
copper a^ bismutb. Mercurous nitrate is oDtained in solu, on operating with 
iKi j^r cent, acid ; more oonc. acid (50-70 per cent.) gives the mercuric salt. 
T. Krioson*Aur^ attributed the activity to action of local couples, with hydrogen 
as depolarizer. 

d. J. Acworth found that in the presence of ammonium nitrate, nitrogen is the 
chief product of the reaction between mercury and nitric acid. N. A. £. Millon, 
V, H. Veley, and P. C. Ray showed that the presence of ferric sulphate or nitrate 
removes nitrous acid from nitric acid as fast as it is formed, and it thus inhibits the 
chemical change between nitric acid and the metals. P. C. Ray found that the 
reaction betvreen, mercury and nitric acid is accelerated by manganese or sodium 
nitrate, while the sulphates of manganese, sodium, and potassium neither accelerate 
nor retard the action. B. 0. Banerji and N. R. Dhar found that while the presence 
of ferrous sulphate accelerates the action of nitric acid on mercury, the ]>n‘Jk‘iue of 
ferric nitrate, sodium nitrate, manganous nitrate, potassium chlorate, or potassium 
Mrmanganate retards the a^ion. P. Meniere removed the vaimur of mercury 
from air by passing the contaminated air through boiling nitric acid. W. Zorn 
obtained hyponitrites, hydroxylamine, and anunonia in the rkdro-reduction of niifne 
add with a mercury cathode ; and J, Tafel ohtain<‘d an almost quantitative yield 
of hydroxylamine. W. J. Muller, with an amalgamated copper cathode, obtained 
nitrites and ammonia during the elcctro-reduetion of soln. of nitrates. J. Shukoff 
obtained mercurous and mercuric salts in the pro))ortions 120 : 1 in the electrtilysis 
of a soln. of potassium nitrate. I). Borar observed no reaction between mercury 
and an aq. soln. of potassium nitrate. G. Meyer Btat<*d that with aq. soln. of the 
nitrates some of the salt condenses at the surface of the mercury. W. R. B. Hodg- 
kinson and co-workers observed no reaction between mercury and aq. soln. of 
ammonium nitrate, but the moltcm salt was found to attack mercury less energeti- 
cally than copper, the attack, according to W. Smith, is a reault of the formation of 
nitric acid from the ammonium nitraU*. W. R. E. Hodgkinson and A. H. Coote 
found that fused ammonium nitrite has no action on mercury. 

The alhnity between mercury and phosphorus appears to be small. According 
to 0. Emmerling,® and A. Granger, phosphorus vapour does not react with mercury 
vapour either at atm. press, or under press, in a sealed tube. A. Stock and 
F. Gomolka assume that phosphorus crystallizes from its soln, in itioiten mercury. 
D. Qemez found that molten phosphorus dissoivea mercury, forming a colourless 
liquid which blackens on cooling owdng to separation of mercury ; the soln. clears 
again if re-heated. M. Blondlot found that mercury catalyzes the change from* 
ordinary to black phosphorus. Mercury appears to form amalgams with anaulo, 
antimony, and bismuth, but the evidence in the case of arsenic and antimony is not 
so satisfactory. H. J. S. Sand and J. £. Hackford reduced solns. of anonatoi and 
anonites to arsenic, but not to arsine, by electrolysis between mercury electrodes. 
T. F. Rutter found that with the mercury cathode vanadates are reduced to vana- 
dium sulphate, VSO4, in the presence of sulphuric acid. 

0. Ruff and B. ^^rgdald state that the solubility of carbon in mercury is very 
small. H. Erdmann and P. Kothner found that the metallic lustre of mercury is 
not altered by heating it with ioetylme, but at the distillation temp, of mercury, 
g very small grey sublimate is formed which gives a scarcely percc*ptible trace of 
acetylene when treated with water. M. Berthelot stated that when mercury is 
heated to 550^ in a sealed tube with carbon QUmozida, the weight of the mercurjjr 
increases a little, no*free carbon can ^ detect^, but a trace of carbon dioxide ts 
formed. The prolonged shaking of mercoiy with carbon dtoride gives no perceptible 
sign of any chemical change ; but with a prolonged marking, T. de Saussuie found 
tlmt some mercuric oxide is formed. M. Berthelot tound that cyanogen does not 
unite with mercury when heated in a sealed tube at 20()° or 900^ ; the gas does not 
appear to be abeorbed by the mercury, but the latter is covered with a brown him. 
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E. Obach found that purified carbon difolphide as well as that containing hydrogen 
sulphide as impurity, acts on mercury in the presence of air. According to M. Berthe- 
lot, when a mixture of nitrogen and carbon disulphide confined over mercury is 
sparked, or exposed to the silent discharge, mercuric thiocyanate, Hg(SCy)2, is 
formed. H. Moissan noted that ethylene tetraiodide acts slowly on cold mercury. 
G. Tammami found mercury vapour reacts with carbon tetrachloride at 600M00^ 
producing a dense form of carbon and mercurous chloride. The reaction starts at 
400° when the press, is 900-2760 atm. Analogous results were obtained with 
carbon tetrabroi^e, and carbon tetraiodide— sodium amalgam. According to 
L. Eisner, mercury is insoluble in an aq. soln, of potassitiiu cyanide « but W. Palmaer 
found it to bo slowly soluble with access of air ; and G. A. Goyder observed a 
marked solubility without the evolution of gas in a 6 per cent. soln. of that salt. 
A. Brochet and J. Petit found that the alternating current electrolysis of a soln. of 
potassium cyanide with mercury clet^trodes yields no double salt ; but B. Renault 
found some mercu^ dissolves at the anode during the direct current electrolysis 
of the soln. G. McP. Smith found a soln. of potassium ferricyanide dissolves 
mercury best in the presence of potassium hydroxide, and he represents the reac- 
tion : l6K3FcCyg-f 6Hg=6K2HgCy4-|-Pe4(Pe(Jyg)34-9K4FeCyo ; or with potassium 
hydroxide : Fe4(FeCy0)3-l'4Fe(OH)8. G. Meyer found that potassium ferricyanide 
is reduced by mercury to the ferrocyanido. A. Brochet and J. Petit did not succeed 
in electrolyzing a soln. of potassium lerrocyanide with mercury electrodes. 

According to A. Christoff, mercury does not dissolve in alcohoh benzene, or 
nitrobenzene, although the vapour can dilTusc at ordinary temp, through these 
liquids. H. C. Bolton found that mercury dissolves in a mixture of citric acid and 
sodium nitrate ; and J. H. Mathews, that trichloroacetic acid in nitrobcuizeue soln. 
docs not attack mercury. C. B. Gates studied the displacement of copper by 
mercury from soln. of salts of the organic acid in various organic solvents. Mercury 
acts as a catalytic agent in the reduction of some organic compounds- vjj, 1). Borar 
found that a little nitrobenzene is reduced to aniline in the presence of mercury and 
hydrochloric acid ; several organic compounds are reduced electrolyticully with a 
mercury cathode ; and many organic sulphides act on mercury. According to 
D, B. Dott, purified ether has no action on mercury, but ether containing peroxide 
impurities produces a dark film, and a grey powder ; and if much peroxide is 
present, some yellow mercuric oxide. 

Mercury was found by C. Winkler not to unitt^ with siUcon, even if the two 
elements are heated for a day at 3U0°. F. Grandjean found mercury is absorbed 
^ by some zeolites— c.</. levyne and chabasite, but not by gmelinite. E. Warburg 
observed in the electrolysis of glass between mercury electrodes— not with electrodes 
of sodium amalgam— the formation of a badly conducting layer. G. Schulze noted 
the diffusion of mercury in the glass. V. Meyer found that in the distillation of 
impure mercury, glass retorts arc soon destroyed, but not so jiorcelain retorts. 
According to H. Moissan, boron phosphide, BP, does not act on mercury ; boron 
trisulphide has no action on mercury, but boron pentasulphide is reduced to the 
trisulphidc ; boron phosphoiodides- BPIg at 100°, and BPI in carbon disulphide 
soln.— are reduced to the phosphide, BP. According to 0. Mohr, and E. von 
Pickardt and W. Angermauu, vessels of aluminium are rapidly attacked by mercury. 
A. Holt found that sodium hydride is not affected by mercury. A. Matthiessen 
and 0. Vogt stat^'d that mercury does not dissolve mercuric ozide, but C. Barfoed 
found that by trituration mercury can form a salve-like mixture with mercurocu 
oxide and mercurous iodide, aud that the oxides of other heavy metals, like lead 
oxide, behave in a similar way. H. Rose stated that mcrcufy precipitates metal 
oxides from many metal salt soln., and A. Mailhe added that basic salts are also 
precipitated. D. Borar found that ferric salts in the presence of hydrocldoric acid 
are not reduced by mercury. P. SchafhSutt found that mercury reduces aq. soln. 
of ferric chloride, forming mercurous and ferrous chlorides ; the action is faster in 
the presence of hydrochloric acid. The observation was verified by D. J. Carnegie, 
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and li. W. McCay and W. T. Anderson. According to D. Borar, potiSliam dichfo- 
mate i« reduced under these conditions: K2C'rjj07-fi>Hg-f HHCl=-()IigCl-f2Ci<''I, 
+2KCi4'7H20; he also repn^sentcd the riHliKtion of potanium permanganata 
bymercur}*: 2KMn04-f3Hg-fH20=3Hg0-|-2Mu02-l 2K0H ; and W. Kirchmanu 
stated that the reduction in the cold gives merciirou.s oxide, and when heated, 
mercuric oxide, Aq. soln. of alkali |K*rnianganatt‘s, and mercury wen‘ found by 
A. Gawalowaky to form gradually a deep violet compound, and, in the presence 
of potassium hydroxide, a double nianganab' is formed together with a black 
substanco, jmsaibly mercurous mauganate. F. Stremtz found that at KHJ“, the 
vapour of mercury forms a mirror-like coating on the faces of crystals of arg6ntite^ 
or silver glance, Ag2S, and some cinnabar, HgS, is simultaneously formed. The 
action of mercury on the metals is discussed in connection with the re.spective 
amalgams. A. Feodorotl found that when mercury is heut4‘d in an hermetically 
sealed iron tube, the latter is permeable to the former at . A sip metre 

of surface of mercury was found by H. von Euler to absorb OtiOl logrm. of ions 
from a soln. of mercoric Chloride. 

Reactions o! analytical interest. -There are two series of mereur} saita 
mercurous .sulta, and men uric salts. In general, heat and light transform mereiiruus 
salt*! - nitrate, chloride, phosphate, acetat-e, sul])hute. etc.- into mercuric salts and 
mercury, while the reverse change may occur at lower temp. Hydrochloric add 
and soluble chlorides give no precipitate with mercuric salts of moderate* cone., but 
w'ith mercurous salts, a white jirecipitate of iiien'urous chloride is formed, which is 
insoluble in water and dil. acid.s, but soluble m < <inc. nitric acid or m atjua regia, 
and in chlorine or bromine wat<‘r, 2Hg('l j-Br^ H^CL f-HgBro. If the soln. of the 
mercurous salt is cone, the preeijutate is curdy, if ilil. tin* prcci])itute is pulverulent, 
and if very dll., a white opalescence is produced which, ai cording to C. 11, Bfaff,^* 
is visible with soln, containing one part of mercurous nitraU* in l(Xi,(HX) parts of 
water ; 0. K. Fresenius said 1 in 327, (KJO ; and F. Jackson, 1 m 10, (KA) witli hydro- 
chloric acid and 1 in iri,()(X) with sodium chloride soln. When mercurous chloride 
IS briiled for a long time with w ater, it bccoiin's grey owing to its jiurtiul decomposition 
into mereurv and mercuric chloride, and when boiled with sulphuric acid, sulphur 
dioxide is evolved : 2Hg(’l“f U2B04--2llCl f ng2S04, followed by Hg2S()4-f 
--2H20-f2Jlg804-f JS02. Mercurous chloride is blackened by alkali hydroxide, 
and by a(|ua ammonia ; and it is slowly dissolved by cold soln, of ferric salts, chromic 
acid, and permanganic acid, forming mercuric salts. HydrobromiC acid and 
soluble bromides also give whiu* precipitat^h with mercurous salts. Mercurous salts 
give an olive-green precipitate of mercurous iodide when treated with a soln, of 
potassium iodide ; the precipitat<* is soluble m an excess, forming mercuric potassium * 
iodide, K2Hgl4, and mercury. M»*rcuric salts give a red precijiitatc of mercuric 
iodide which is soluble in an excess, forming the double salt, K2Hgl4 — cadmium 
salts behave similarly. According to F. Jackson, one j»art of a mercurous salt 
in 8(AK) can be detected and one part of a mercuric salt in 2(M) ; for the latkT, 
T. G. Worrnley gave 1 : 3380, and P. Jannaseh 1 : 1.000. 

When soln. of mercuric salts are treated with bydrogeu 8Ulpbide» a white precipi- 
tate of mercuric thiochloride, HgCl2.2HgS, is first formed ; this is coloured yellow, 
brown, and finally black by the prolonged action of hydrogen sulphide. According 
to K. Palm, a soln. of mercuric cyanide does not give these intermediate comjmunds, 
but the black sulphide is precipitat<*d directly. A. Kekul6 found that hydrogen 
sulphide does not precipitate the sulphide from soln. of mercuric iodide in hydriodic 
acid, and similar remarks ajtply to soln. of mercuric bromide m hulrobroriiic acid. 
R. Rupp found thatfthe mereux}' is slowly precipitated from a soln. of mercuric 
salicylate. According to J. L. fisssaigne, one part of mercuric salt can be detected 
in 23,000 parts of soln. ; T. G. W'omilev said 1 m 6770 ; and F. Jackson, 1 iif 16,000. 
The sensitiveness of the reaction has also been examined by F. C. Schneider, B. N^eu- 
mann, and by L. Vignon. Black mercuric sulphide is insoluble in Ixiiling dil. acids. 

It dissolves in cone, hydrochloric acid. Hot cone, nitric acid gradually changes it 
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into white thionitrate, Hg(NOg)2.2HgS, and by a longer action, soluble tneicuric 
nitrate is produced. The sulphide dissolves readily in aqua regia with the separation 
of aulphur ; it is insoluble m soln. of potassium or sodium hydroxide, and am- 
monium sulphide, but, unlike the sulphides of silver, lead, bismuth, and copper, it 
dissolves readily in soln. of the alkali sulphide— not, according to C. Barfoed, 
hydrosulphide— forming, say,. Hg(8K)2, which is readily hydrolyzed by water : 
^(8K)2-1"H20^K0H4' KSH+HgS, so that a large excess of the alkali sulphide 
is needed for the soln. Unlike the sulphides of silver, lead, bismuth, copper, and 
cadmium, mercuric sulphide dissolves in potassium thiocarbonate soln., and from 
the soln, it is precipitated by carbon dioxide. According to K. Biilow, in the 
presence of zinc or cadmium sulphide, a soln. of sodium sulphide converts mercuric 
sulphide into a double sulphide ; while, according to T. Willm, mercuric sulphide 
is jperceptibly soluble in ammonium sulphide in the presence of stannic sulphide. 
With mercurous salts, hydrogen sulphide precipitates immediately a black mixture 
of mercuric sulphide and mercury ; the latter remains undissolved when the pre- 
cipitate is treated with potassium sulphide, but it all dissolves in an alkali polysul- 
phidc. J. L. Lassaigne found that one part of mercurous salt in 4 G, 0 (X) parts of soln. 
can be detected by hydrogen sulphide*. J. Haidlcn and (\ R. Fresenius found that 
hydrogen sulphide gives a ])rccipitat(^ with mercuric salts in the presence of potassium 
^anide ; and C. J. Fretzfeld, in th(; presence of tartaric acid. According to 
J. W. Slater, a soln. of SOdium sulphide* or of ammonium sulphide, behaves like 
hydrogen sulphide. 

According to J. F, John, and H. Rose, a soln. of potassium hydroxide precipitates 
black mercurous oxide, HggO, ini.xed with some mercuric oxide and mercury, from 
soln. of mercurous salts ; and from mercuric salts, yellow mercuric oxide. If 
insuHicieut alkali is added for complete precipitation, a reddish-brown basic salt, 
say, HgO.HgCl2, or 2HgO.HgCl2, is formed, and, in the presence of ammonium 
salts, the so-called whiti' precipitate, say, NH2.Hg.0.Hg.N03, is formed. Mercuric 
oxide and the basic salts are readily soluble in arids ; but not in an excess of the 
precipitant. J. Spiller found that in the presence of citric acid no precipitation 
occurs ; but C. Aubel and G. Ramdohr found that tartaric acid does not prevent 
the precipitation. F. Jackson found one part of mercuric salt in r)0() parts of water 
could be detected by sodium hydroxide ; T. G. Wormley said 1 : G 77 . Aq. ammonia 
with mercurous nitrate gives a black mixture of mercury and a mercuric amido- 
salt, say, NH2,Hg.0.Hg.N03 ; with mercurous chloride, a mixture of mercury and 
mercuric aiiiidochloride, Cl.Hg.NH2, formed. When the black precipitate is 
boiled with dil. hydrochloric acid, or a cone. soln. of ammonium chloride, the amide 
passes into soln, and the mercury remains undissolved. N. T. de Saussure, and 
C. H. Pfaff stated that O’OOOOOG part of ammonia in one part of water gives a sensible 
coloration with mercurous nitrate. The reaction has also been discussed by H. Hager. 
Aq. ammonia gives with mercuric chloride a white precipitate, Cl.Hg.NH2, the so- 
called infusible white precipitate ; this precipitate is soluble in acids, and in hot 
ammonium chloride, forming a fusible white precipitate, Hg(NH3Cl)2. When aq. 
ammonia is allowed to act on mercuric nitrate, the white compound, NH2.Hg,O.Hg, 
NO3, is formed which is easily soluble in anunonia in the presence of ammonium 
nitrate. T. G. Wormley found that one part of mercuric salt in 13,500 parts of water 
can be detected by the ammonia reaction ; and F. Jackson, one part of mercurous 
or mercuric salt in 80 , (XX) of soln. Soln. of mercuric chloride or nitrate give a 
reddish-brown precipitate of a basic carbonate, SHgO.HgCOs, when treated in the 
cold with alkali carbonate ; when boiled, yellow mercuric oxide is formed. Alkali 
carbonates with mercurous salts precipitate yellow mercuibus carbonate which 
quickly becomes grey owing to the decomposition : Hg2C08=Hg0-fHg+C02. 
Similar Tosults are obtained with amiwnnimn carbonate as are obtained with aq. 
ammonia. F. Jackson found the sensitiveness of the reaction with sodium car- 
bonate to be 1 : 1600 with mercurous salts, and 1 : 250 with mercuric salts. Accord- 
ing to H. Demaryay, cold soln. of mercurous or mercuric salts are precipitated by 
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l^vesno precipitate with tlkali hfdroettlMnitai, hut artKidinh’brcwn basic car)>oi\a1« 
ui obtained with soln. of men*uric nitrate. A soln. of potlBlhim OJBOidf gives no 
precmitate with a soln, of mercuric chloride becaust^ both the cyanide and chloride 
readily form soluble coinplejtes with alkali chloride or cyanide. Mercuric nitrate 
gives a whit*' precipitate of mercuric cyanide which is soluble in an exi'ess of water 
or of potaasium cyanide. A soln. of potassium cyanide gives a mixinl precipitate 
of mercur}^ and mercuric cyanide when added to a soln. of mercurous nitrate. 
Mercuric nitrate sobi. with potaarinm thiocjraotto prvcipitati^ white mercuric 
thiocyanate soluble in an excess of either reagent ; mennirous salts give a mixture 
of mercury and mercuric thiocyanate. Soln. of menurous salts give a black pre- 
cipitate of the sulphide when treated with sodium thiosulphate ; and with mercuric 
salta, H. Rose obtained a white precipitate which redissolves in an excess of thio- 
sulpliate ; the whiU* precipitate slowly becomes yellow, and then brown ; in a 
boiling feebly aeid soln., the yellowish-orange precipitate* ra])idly forms black 
mercuru* sulphide. M(*rcurous salts witli potai^um lerrocy^de give a white 
precipitat-e ; mercuric salts also give a whiU? precipitat<% if not too dil., and the 
colour turns blue on stuiuling for some time. Mercurous salts with poUssium 
ferricyanide give a yidlowish-green preci]>itat4* which beromes white on standing ; 
and with mercuric salts a green precipitate. M<‘rcurous salts give a white pn‘eipitate 
of merc urous }ihoH[)hate when treatc-d with sodium phosphate, sensitive, according 
to C. 11. PfafI, to 1 : 10, ()()(); with mercuric salts, whit* mercuric jdiosjiliate is similarly 
prt'cipitat d, and the reaction, according t-o (’. H. Pfaff, is sensitive to I : frfJO. 

Not too dil. soln. of mercurous salts give a white prec ijiitate of mercuroua 
sulphate, when treat **d with sulphuric add or a soluble sulphate ; the 

precipitate i.s .sjianngly soluble in cold water, deeomjiosed by boiling water, soluble 
in nitric acid, and black<'ned by alkalies. According to T. G. Wormli'y, the reaction 
is 8<msitive to 1 : |0(K). Mercuric salts give no precipitate with sulj»hunc acid or 
soluble phosphat's. Mercurous nitrate soln. gives a red pr<*eipitate of mercurous 
chromate when heated with a neutral soln. of potassium chromate ; with mercuric 
salts, yellow mercuric chromate is j>recipitat<*d, ami this precipitate becomes r(*d 
when mixed w ith w ater and allowed to stand for a long time, or boiled. F. Jackson 
found the sensitiveness of the reaction to be 1 : 4<)(K) with im'rcurous salts, and 
1 : 333 with mercuric .salts. Mercuric nitrate soln. give a yellowish-brown pre- 
cipitate with alkali dichromate, but not so with a mercuric chloride sfiln. ; with 
mercurous salts, the red chromate is j)reeipitatt‘d. A boiling soln. of terrous fUl* 
phate reduces mercuric nitrate to the metal, but mercuric chloride or cyanide ia 
not reduced ; with mercurous salts, white mercurous suljihate is jireCijiitated, and 
this, especially when heated, is reduced to the metal — not so with the mercurous 
halides. A soln. of staniKHlS chloride reduces mercuric chloride first to insoluble 
mercurous chloride, and the latter in turn to the metal. If the grey ]>owdered 
mercury be decanted from the soln., and Imilcd with dil. hydrochloric acid, globules 
of mercurj- are formed. F. Jackson found the sensitiveness of the reaction with 
stannous chloride to be one part of mercuric salt in 32,000 parts of soln., or one part 
of mercurous salt in 16,000 parts of soln., or, according to T. 0. Worndey, 1 : 13,5(K). 
The metals aittPlinmm, (X^per, zinc, and reduce mercurous and mercuric salts 
to mercury. C. Reichard gave the sensitiveness of the aluminium precipitation as' 
1 : 130,000 ; soln. of mercurous salts with OZiUo acU, or alkali OZalaAes give a white 
precipitate of mercurous oxalate, Hg 2 C 204 , sensitive, according to 0. H. Pfaflf, to 
1 : 10,000 ; mercuric salts, excepting the chloride, also give a white precipitate, 
HgCjQi. . Accord in^f to P. Cazeneuve, mercurous and mercuric salts in alcoholic 
soln. give a bluish-violet coloration with di^MOylcarbaiide ; the presence of copper 
masln the reaction, and the presence of zinc acts as an inhibitor. P.* M^nidre 
found the reaction sensitive to 1 : 5,000,000. According to G. Dftniges, zinc PUT- 
pnrala gives a peach-coloured precipitate with a soln. containing 0'4 mgrm. of 
mercury per c.c. Silver salts give a violet precipitate. 
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The uses of merctuy.— Mercury is used in the amalgamation processes for the 
extraction of gold and silver ; as an electrode in the preparation of normal cells, 
and in electroanalyses ; in thermometers, barometers, and other physical and 
electrical apparatus. It is used in the preparation of inirrors.i^ Mercury arc 
lamps arc used for illumination, and as a source of ultra-violet light. The salts 
are used as antisejitics, and in medicinal preparations ; in photography ; in the 
preparation of colours— vermilion ; in organic syntheses, and in general 
chemical operations. The recovery of mercury from mercurous sulphate residues 
has been discussed by M. Leraire. 
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§ 5. The Atomic Weight and Valency o! Mercnry 

The ratios of the two sp. hts., and the vapour density of mercury vapour, 
previously discussed agree with the assumption that the mol. is monatomic, and 

I. Traubc ^ cited evidence that the element has the same molecular weight in the 
liquid and gaseous states ; and he found the atomic solution volume of 200*4 parte 
of mercury is tlu^ same as that of one part of hydrogen. The sp. ht. and heat of 
vaporization wore found by M. Langlois to agree with the assumption that the mol. 
is monatomic. The effect of temp, on the sp. ht. led L. Sohneko and the sp. gr. 
before and after melting led C. A. Seyler to the same assumption. W. Broniewsky 
observed no signs of molecular association when mercury is cooled to —183'^. 

J. Stark suggested that liquid mercury may have polyatomic molecules because 
the liquid is a good electrical conductor, while the vapour is an insulator. C. Liebe- 
now also assumed from a comparison of the electrical conductivity of the metal 
and its amalgams that the molecule of liquid mercury is polyatomic. D. Stromholm 
found the rise of the b.p. of mercury chloride in ethereal soln. agrees with a mol. wt. 
of 277— theory for HgClj requires 271. F. M. Raoult, J. J. van Laar, and G. Tam- 
mann, from the f.p. of amalgams assumed that the mol. is polyatomic ; and R. Cenac 
inferred from Eotvos’ rule that the molecule of liquid mercury is probably triatomic. 
A. Avogadro supposed that the mercury molecule is diatomic, and in that case, 
J. B. A. Dumas’ value for the vajmur density of mercury would make the mol. wt. 
of mercury 2(X), and the at. wt. 100, and the accepted formula HgO for mercuric 
oxide would have to be changed to Hg20. Independent evidence obtained by 
studying the chemical transformations of the mercuric compounds favours the 
formula HgO, and the assumption that the mol. of mercury vapour is monatomic. 
A. Kundt and E. Warburg’s work on the sp. ht. of mercury vapour gives a value in 
harmony with M. A. Gaudin’s early assiunptiou that the molecule is monatomic. 

The VftlenOF of mercury in mercurous salts is like that of silver, and in mercuric 
salts like that of zinc and cadmium. .The hydrogen eq. of the former is 200, that 
of the latter, 100. J. Stark and co-workers state that the spectral lines 365*0 and 
365*5 are produced by bivalent mercury ions, and the line^ 253*6, by univalent 
mercury ions. £. Abel, A. Ogg, and £. Bose believe that in aq. sola, mercurous 
ions are ^bivalent ; W. Bolton Stained evidence of the formation of ilnivalent ions 
in the electrolysis of soln. of mercuric halides in the alkali halides. J. von Kowalsky 
observed that mercury* vapour in a high vacuum ionizes in two stages. J. J. Thom^ 
son observed in his positive ray analysis tube that the mercury atom may cany 
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I to 7 tod probably 8 aleotroiitatic obarges. £. Abel found tji« tendoiu^ of eleetrt- 
cally neutral ions to pass into mercurous ions is greater than with the nobler meiourte 
ions. K. A< Hofmann and E. C. Marburg discussed the tendency of merci^ to 
form atomic complexes ; and H. Ley and H. Kissel, the tendency to form ^.C- 
and Hg.N'Compleies. 

J. J. Berzelius • represented mercurous and mercuric oxides respectively by the 
formula HgO and Hg02 on the assumption that if the atomic weight of oxygen ia 
16, that of mercury is 400, but in 1826 he altered this to 2(K), making the formul® 
the same as those employed at the present day. L. Gmelin o^presonted the eq. wt, 
of mercury by 100, and the two oxides respectively HgjO and llgO. The value 
200 for the at. wt. of mercury is supported by the inference from (1) Avogadro's 
rule applied to the vapour density, and the mol. wt. of the coiiij>ounds in soln. ; 
(2) Dulong and Petit’s rule ; (3) Mitschcrlich’s rule and the isomorphism of mercuric, 
lead, and cupric compounds ; and (4) the position of mercury in the periodic table. 
The latter has been discussed by A. J. Hopkins, R. Lorenz. F. Sanford. K. W. 
Wetherell, P. C. Ray, C. Zenghelis, 0. Tammann. A. Smits and H. L. de Leeuw, 
etc. 

In 1818, N. G. Sefstrom ^ determined the at. wt. of mercury by oxidizing the 
heated metal, and obtained the value 200‘9. In 1833, E. Turner dec.omposed mercuric 
oxide, and thus obtained the ratio HgO : Hg, from which the at. wt. is 2(X)'6 ; 
0. L. Erdmann and R. P. Marchand, in 1844, obtained from the same ratio, 20010 ; 
G. B. Taylor and G. A. Hulett reduc^ed mercuric oxide with iron, and obtained 
2(X)’37 ± 0 024 ; and in 1896, W. L. Hardin evaluated the ratio HgO : Hg by the 
electrodeposition of mercury froiri a soln. of the oxide in a soln. of potassium cyanide, 
and he obtained 200 19. 0. L. Erdmann and R. F. Marchand distilled the sulphide 
with copper, and from the ratio HgS : Hg obtained 2()0'54 for the at, wt, of mercury. 
E. Turner analyzed the chloride, and from the ratio HgClo : 2AgCl he calculated the 
at. wt, 202 05 ; and from the ratio HgCl : AgCl, 2(K) 6. E. Turner also evaluated 
the ratio HgCl^ : Hg, l)y reducing mercuric chloride w ith stannous chloride, and 
obtained 199 6 ; L. F. Svanberg distilled mercuric chloride with lime, and from tho 
.ratio HgCl 2 : Hg obtained 199 59 ; N. A. E. Millon by a similar method obtained 
200-21 ; and W. L. Hardin, from the electrolysis of soin. of silver chloride, bromide, 
and cyanide in potiissium cyanide, obtained from HgCl 2 : Hg, 200 04 ; HgBr 2 : Hg, 
199’89 ; and IigCy^ : Hg, i99’99. C. W. Easley reduced mercuric chloride with 
hydrogen peroxide, and obtained 200 478; and by reducing the bromide, 
C. W. Easley and B. F. Braun obtained 200 64. W. L. Hardin also determined the 
electrochemical eq. of mercury in terms of silver, and from the ratio Hg : 2Ag^ 
obtained 200 02. G. Hinrichs, F. W. Clarke, and B. Brauner have att(*mpted to 
deduce the best representative value for the at. wt. of mercury from these deter- 
minations. The value 2(X)-6 is given in the InUirnational Table of Atomic Weights 
for 1921. A. L. Bernoulli calculated 200-817 from the kinetic theory. The atomio 
nnmber is 80. 

With the positive ray analysis, F. W. Aston found that mercury has about six 
ixoiopat with at. wt, 202 and 204, and three or four with at. wt. ranging from 197 to 
200. J. H. J. Poole considered the possibility of separating isotopes by centrifuging 
the liquid at 60,000 rev. per min., when the difference in sp. gr. of the isotopes is 1*6 
per 1(X)0, and J. N. Bronsted and G. Hevesy say that a partial separation of the iso- 
topes of mercury was obtained by evaporating mercury at a low press., and coii> 
densing the evaporated atoms on a cooled surface— 4he density of the condensed 
mercury was 0*999980, and of the residual mcreuiy' 1 '000031 (mercuiy unity) 
when the experiment! error was leas than one in a million. They also found that 
when mercury vapour penetrates through narrow openings into a condensation space, 
the lighter isotope is found in a relatively larmr amount than in ordinary Ifnercury. 
The subject has been also discussed by R. S. Huliiken and W. D. Haridiu, 
W. D. Harkins and S. L. Madorsky, B. 8. MuUiken, and W. J^er and H. von Stein- 
wehr. J. N. Bronsted and G. Hevesy found no measurable difference in the at. wt. 
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of mercury from different geological and geographical sources, and this makes it 
probable that the isotopic composition of mercury of terrestrial origin is the same. 
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§ 6. Mercurous Oxide 

Mercury forms at least two series of compounds in which the mercury behaves 
.as if it wore two different elements, for the reactions of the scries are quite different. 
In the mercurous salts the mercury behaves like a univalent element, and in the 
morouric salts like a bivalent element. According to H. Kopp,i attention was 
first directed to the lower o.xide from the observation that soln. of mercury in nitric 
acid are different when prepared hot and cold. N. Lemery, for example, showed 
that the soln. gives different results when treated with salt, and T. Bergman, that 
the reactions of the two soln. differ in many other respects. It was assumed that 
more phlogiston was lost when the mercury dissolved in the hot acid than when in 
the cold acid ; and this hypothesis, expressed in terms of Lavoisier’s oxidation 
theory, means that in the one mode of preparation the mercifiy is in a higher state 
of oxidation than in the other. 

The lower oxide of mercury is called black oxide of mercury, and also merouroof 
OXidOy HggO. P. MoscAti,* and G. More tti obtained it by decomposing a mercurous 
salt with an aq. soln. of an alkali hydroxide, and washing and drying the product 
in the dark. M. Donovan treated finely divided mercurous chloride, suspended 
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In with an excess of the aUoUi ; if too little alkali be employed, a basic 
meTCiirous chloride is lomied, and then oxidised to a basic meiciirio chloride, and 
a further addition of alkali produces a mixtim* of mercury, mercurous and 
mercuric oxides. A. Duflos poured a soln. of mercurous nitrate into an alcoholic 
soln. of potassium hydroxide, and washed and dried the product as before. The 
oroduct dried over sulphuric acid was found by L. S*‘haffner to contain no water ; 
out N. J. B. G. Guilraurt has stated that it is impossible to obtain pure men'urous 
oxide because, durin|i; the washing, even in the dark, it is resolved into a mixture 
of mercuric oxide and mercury ; J. Lefort also found that the mercurous oxide 
obtained by precipitation with alkali hydroxide contains mercuric oxide and 
mercury because it amalgamates gold leaf. 

The brownish-black powder has no taste or smell. A sample prepared by 
G. J. B. Karstcn from mercurous chloride and j^iotassium hydroxide had a ipeolfio 
gravitj 8 9r)03, and one likewise prepared by W. Herapath, a sp. gr. 1069 — 
presumably one sample had more free mercury than the other. Analyses were 
made by N. G. Stdstrom, M. Donovan, A. F. de Fourcroy and L. J. Th6nard, 

M. Zaboada, N. J. B. G. Ouibourt, M. Braamcamp and S. Oliva, etc. The aotion 
of pressure is to decompose mercurous oxide. F. Htreintz found that oxygen if 
given off when it is compressed between 10, (XK) and 13, (XX) atm. The action of 
heat is to doroinpowi mercurous oxide into mercury and mercuric oxide ; according 
to M. Donovan, the reaction takes place at 1(X)“, but A, Vogel obtained no decom- 
position at this temp. T. Graham, and W. Bruns and 0. F. von der Pfordten found 
the dry powder is decomposed at 1(X)® into mercury and mercuric oxide, and 
A. F. de Fourcroy and L. J. Th^nard, and S. Hada BtaU‘d that the change occurs 
slowly at ordinary temp. 8. Hada found that mercurous oxide increases in weight 
when exposed to air. Oxygen is evolved when mercurous oxide is heated to red- 
ness. The action of light is to resolve mercurous oxide into mercury and mercuric 
oxide, and, according to G. Suckow, also under a layer of water. M. Berthelot 
exposed to sunlight sonn* mercurous oxide in an evacuated sealed tube ; after* a 
month, some quicksilver had been formed, J. Thomsen gave for the heat of for- 
mation (2Hg, ())=-42'2 Cals. ; R. Varet, (2Hgii,, , 0)=22‘2 Cals. ; and (HgO,oUdi 
HgnQ) -07 Cal. W. Nernst gave (2flg, 0)=22 Cals. M. de K. Thompson gave 
— 13,400 cals, for the tree energy of formation, and —22,200 cals, for the total energy. 

N, R. Campbell found that the radioactiyity of mercurous oxide is very small. 
G. A. Dima observ'cd a photoelectric effect. J. Gibson found the electrical 
conductivity increased by exposure to light. F. Streintz noted that the compressed 
powder at 80'^ has about one-fourth the electric resistanoe it possesses at ordinary 
temp. A. J. Allmand noted that the electromotiye force of mcrcurdus oxide is 
irregi^r owing to the ttmdcncy to form mercuric oxide. 

According to J. W. Fay and A. F. Seeker, mercurous oxide is reduced by hydrogen 
at 80® ; but, according to A. Colson, no reduction occurred when heated with hydrogen 
at 100® for four days, and oxygen is rapidly absorbed by mercurous oxide at 100®. 
C. T. Barfoed, and 8. Hada showed that mercurous oxide both oxidizes and dissociates 
at ordinary temp. ; when exposed to air it may increase or decrease in weight 
according to the conditions — in the closed atm. of moist air it increases in wei^t, 
for dissociation is checked and oxidation favoured ; but if u large surface is exposed 
to the open air, it loses in weight, for then'disfociation and volatilixation of mercury 
proceed faster than the oxidation of the undecom|>o8ed mercuric oxide. M. Bosen- 
feld showed that when heated in a current of air, the black oxide is produced at 
215®, and the red oxide at a higher temp. ; the oxidation of mercurous oxide is 
accelerated if a trace af potassium is present. I, Bhaduri found mercurous oxide 
to be almost insoluble in cold wifor, but one part of the oxide dissolves in 150,000 
parts of warm water. A. von Antropoff observed that hy d roga n jfOOiUiit reacts 
with explosive violence. The black him which forms on mercury during the 
pulsating catalytic decomposition of hydrogen peroxide is believed by A. von 
Antropoff to be tnercunm perweide or nur coi oai oloiida, Hg^O^, but it decomposes 
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80 easily that it has not been isolated. A. Duflos found the oxide prepared by hi^ 
process gives u]) nothing to dil. hydrochloric add. According to J. B. Berthemot, 
when mercurous oxide is boiled with a soln. of potassium iodide, it furnishes mercurj' 
and potassium mercuric iodide, while if the mercuric oxide be in excess, mercurous 
iodide is also formed. J. S. F. Pagenstecher, and L. Thompson found that a cone, 
soln. of ammoniam chloride jlecomposes mercurous oxide with the evolution of 
ammonia and the formation of mercury and mercuric chloride. According to 
A. J, Allmand, the solubility product [Hg2"l[0H']* is 4-8x10-*^. H. Rose found 
mercurous oxide is decomposed by water, forming mercuric oxide and mercury. 
K. Bruckner found that when triturated dry with iodine, and gently heated, mercuric 
iodide and iodate arc formed ; the reaction also proceeds slowly in contact with 
water, or alcoliol. J. B. Senderens found that a mixture of sulphur and mercurous 
oxide is inflamed by friction, and sulphur dioxide, mercuric sulphate and sulphide 
are formed ; th«; reaction with sulphur also occurs under boiling water. According 
to E. C. Franklin and C. A. Kraus, mercurous oxide is insoluble in liquid ammonia. 
H. Roh(! found mercurous oxide is decomposed by a soln. of ammonium nitrate 
with the separation of mercury. A mixture of phosphorus and mercuric oxide 
detonates when struck. T. Graham observed that mercurous oxide absorbs that 
“ peculiar principle ” which makes phosphine spontaneously inflammable, and is 
slowly decomposed by the gas itself. M. Braamcamp and S. Oliva found phos- 
phorous acid reduces mercurous oxide to the metal. C. Reichard found an aq. 
soln" of arsenious oxide has scarcely any action, but the oxide is reduced by alkali 
or ammonium arsenite. J. W. Fay and A. F. Seeker observed the reduction of 
mercurous oxide by carbon monoxide at 0°, According to G. C. Wittstein, a 
soln. of ammonium carbonate decomposes mercurous oxide into mercunc oxide, 
which dissolves, and mercury, which remains undissolved. C. R. C. Tichborne 
found mercurous oxide rubbed with a 10 per cent. soln. of sodium hydrocarbonate 
mixed with phenolphthalein and made colourless by nitric acid does not give a red 
coloration, A. Fleischer found that mercurous oxide dissolves in a hot soln. of 
ammonium thiocyanate, some mercury separates, and a complex ammonium 
mercuric thiocyanate is precipitated when aq. ammonia is added to the soln. 
A. Duflos’ pn'paration dissolved completely in acetic acid ; H. Erdmann and 
r. Kdthuer obtained a white precipitate by treating the acetic acid soln. with 
acetylene. E. G. Burckhardt found the soln. in hot aq. citric acid, on cooling, 
gives a white mixture of mercurous and mercuric salts. J. Peschier stated mercurous 
oxide is soluble in a soln. of gum arabic. J. L. Gay Lussac and L. J. Tht'nard 
found that molten potassium or sodium decomposes mercurous oxide with une 
lumikrf trts-fv>€, et leg^re dkonation. 

G. B, Bird treated a soln. of mercurous nitratt^ with an ah oholip soln. of potas- 
sium hydroxide, all cooled to —42^'. A pale amber-coloured precipitate slowly 
formed which, with rise of temp,, changed into the colours of mixtures of mercuric 
and mercurous oxides and mercury. It was assumed that the ])ale amber-coloured 
precipitati' was mercUTOUS hydroxide, HgOH. C. Reichard also thought that he 
obtained mercurous hydroxide by digesting mercurous arsenite with an aq. soln, 
of sodium carbonate. 1. Biiaduri said mercurous hydroxide is soluble in hot water 
and sodium hydroxide ; and almost insoluble in cold water. 
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§ 7. Hbrcuric Oxide 

In the thirteenth century, the Latin Geber knew that when mercury i« heak‘d 
for a long time, it forma a red ealx or oxide ; and in hia Summu pef/tximiis maguiterii 
he stated that he preparc'd the calx a« a brilliant sublimate? by heating a mixture 
of mercury, nitre, and vitriol. Raymond Lully ^ also prepared the red oxide by 
calcining the salt obtained by dissolving mereury in nitric acid, The red oxide of 
mercury obtained by these two proc<‘8s<.‘S was known to later chemists — 
e.g. A. Libavius — as mercuriits caiciiuUm 'per se, tncrcuriu^ prartpUaiufi per «e, 
hydrargyrum culcimUus ruber, or mercurium prcecipUatm ruber, etc. The acLon of 
heat on mercury and on this oxide was discussed by L. Ijcmery, R. Boyle, ?. Bayen, 
etc. : and in 1774, there was a controversy between A. Baum/* and L. 0. Cadet de 
Gassicourt, as to whether in the absence? of reducing agents the red oxidi? sublimes 
without decomposition, or is decomposed. ^ 

E. Bertrand * also found over 22 per cent, of mercuric oxide as kn accessory 
mineral with the hydragryrite of Los Bordos (Chili). Red rhombic necdledike 
crystals of mercuric oxide were found by A. J. Moses at Terhngua (BrewHt-<*r County, 
Texas), and named monlroydite after Montroyd 8har|)e, a mine owner. The crystals 
occur mixed with mercury and mercuric sulphide?. They were studied by W. F. Hille- 
brand and W. T. Schaller, and B. F. Hill. 

The preparation of mercuric oxide.— Mercuric oxide occurs in two forms, 
yellow and red. R(?d mercury oxide was prepared by C. E. Weigel * by keeping 
mercury for a month or longer at a boiling heat in a Hask filled with air, and having 
a long loosely fitting tube adapted to its neck. The t<?mp. must not be rais(?d too 
high, or any oxide which may have been formed will be decomposed — according to 
W, H. Echols, the temp, of formation is 450°, and the temp, of decomposition 630°, 
at ordinary press. M. Rosenfeld found that the velocity of oxidation is greatly 
accelerated if the Aercury contains a little potassium. G. B. Taylor and 
Q. A. Hulett heated the mercury 4-7 days to 20° in oxygen under a press, of 
2-5 atm, M. E. Chevreul found mercury is covered by a film in freshly p*^pared 
oxygen — ozone or chlorine may possibly have been present. H, B. Baker has 
shown that the vapour of mercury has very little attraction for oxygen. Mercuric 
oxide is also formed by heating mercury with an oxidizing agent— M. C. Schuyten 
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Bsed potassium chlorate, and Geber, vide nitre. F. L. Wmkler reported the 
presence of some nitre in commercial red oxide of mercury. 

F. C. Hoffmann, and J. B. van Mona heated mercurous or mercuric nitrate 
in a crucible or glass Bask on a gradually rising temp, until the nitrous fumes 
ceased to be evolved. To economize nitric acid, the mercuric nitrate was triturated 
with an equal weight of mercury before the calcination. E. Kuhn prepared the 
mercurous nitrate for this purpose by dropping mercury into liquid nitrogen 
peroxide, and distilling off the excess of the latter. M. Payss^? pointed out that if 
the nitric acid used for making the nitrate contained hydrochloric acid, the resulting 
oxide will bo mixed with some oxychloride. If the nitrate is insufficiently heated 
— H. C. Vielhaber, C. Jehn, Q. Patein— the oxide will contain undecomposed nitrate 
or some basic nitrate which, according to P. Carles, may be removed by boiling with 
dil. alkali-lye, or water. P. C. Ray and J. N. Sen calcined mercurous nitrite in a 
similar manner. G. Brusa and V. Borelli manufactured mercuric oxide by heating 
mercurous nitrate in a revolving drum connected with a similar revolving drum 
containing cold mercury. The oxygen and nitrogen peroxide from the hot drum 
form mercurous nitrate in the cold drum. The mercuric oxide is removed from the 
first drum, and when it has cooled mercury is introduced. The mercurous nitrate 
in the second drum is then heated and mercurous nitrate is formed in the first drum, 
and the operations are repeated again and again. J. Volhard, W. L. Hardin, 

G. Patein, etc., have given directions for purifying mercuric oxide. J. Myers 
removed any mercurous oxide in mercuric oxide by heating a mixture of the oxide 
with ammonium nitrate. The Eloktrizitatswerk Lonza obtained mercuric oxide 
by the electrolysis of alkalies and oxysalts with a mercury anode, and removed the 
mercury by distillation below say 450° ; and the Consortium fiir Elektrochemie 
eloctrolytioally oxidized mercury in a soln. of sodium carbonate. 

L. V. Brugnatelli showed that mercuric oxide is formed by washing mercuric 
nitrate many times with boiling water ; and N. A. E. Millon, by similarly washing 
basic mercuric nitrate, or mercuric acetate. The brown oxychloride, 4HgCl2.HgO, 
and the black oxychloride, HgCl 2 . 2 HgO, give red oxide when treated with a cold 
soln. of alkali hydroxide, or a hot soln. of alkali carbonate ; many other oxy- 
chlorides under similar conditions furnish the yellow oxide. If a soln. of a mercuric 
salt be treated with an excess of potassium hydroxide, and washed, pale orange- 
yellow coloured oxide is formed, which, according to M. Siewert, after careful washing 
still retains one per cent, of mercuric chloride, potassium chloride, and potassium 
hydroxide. E, P. Schoch gradually added 100 c.c. of a hot soln. of mercuric chloride 
(1 : 2) to 500 c.c. of a hot soln, of potassium hydroxide (1 : 2), and boiled the mixture 
5 hrs. in a ‘'flask fitted with a reflux condenser. The product was washed by 
decantation, and dried on a porous tile. If a cold sat. soln. of a mol of mercuric 
chloride be added to a cold 2-30 per cent. soln. of at least 10 mols of sodium 
hydroxide, a pale yellow powder is obtained which, after standing under the mother 
liquid for some weeks, acquires an orange colour. Q. Brunck obtained the yellow 
oxide by treating a soln. of mercuric nitrate with an excess of sodium carbonate ; 
E. Dufau treated a soln. of mercuric chloride with potassium carbonate ; E. Bosetti 
used barium hydroxide. G. Pinchbeck also gave directions for preparing yellow 
mercuric oxide. 

H. Qaudechon prepared a brown oxide by heating the red oxide to 400°. 
S. Kern obtained what he regarded as a modification of mercuric oxide by heatii^ 
the grey precipitate obtained by the action of magnesium on a soln. of mercuric 
chloride. K. Schick cooled a sat. aq. sob. of mercuric oxide and obtained a white 
powder, which became yellow when warmed. 

0. Paal ^ prepared o^oid«l mercuric oxide by the action of sodium protalbinate 
or lysaloinato on a soln. of mercuric chloride ; Kalle and Co. by the a^ion of the 
sodium salt of proteic acids on a soln. of a mercuric salt ; R. I^by and co-workers 
by the action of norgin on an alkaline soln. of mercuric chloride ; and £. H. Bunco 
by the action of potassium hydroxide on an acetone soln. of mercuric chloride. 
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T. STedberg obtained oolloidaJ uiercuhr oxide by the action of anVlectric discharge 
on mercuric oxide under isobutvl alcohol J. TfauHUiaim studied the didusion of 
potaaaium hydroxide in a soln. of mercuric chloride and gelatine. 

The cfaanoMftics of red and yeQow mercuric oxidei,~~IhMi mert'uric oxide 
forms scaly shining crystals of a brick-red colour ; it also fornu» a dull floiTuient 
brownish*red cxypto-cr^talUnc jKjwder. The colour of the red oxidt* by grinding 
becomes orange-yellow, and lighter coloured as the lineness incn»ases. When 
obtained by precipitation, it forms a light orange-yellow or hutf-yellow powder 
which, after heating, becomes red. J. T. Pelouze ^ thought that yellow ineri'uric 
oxide is amorphous, and that red mercuric oxide is crystalline. L. Scliaffner, and 
T. Camelley and J. Walker Ix^bevcd that the y<‘liow oxide is hydrated, but 
L. J. Proust, N. A. E, Millon, and W. Wallace showed that it is anhydrous like the 
red oxide ; M. Siewert found a sample dried for i days in vacuo at 8t) ' ('ontained 
0 5 per cent, of water ; E. P. Schoch found a similar amount in a sample air-dried 
at 115°, According to E. P. Sohooli. both tin* yellow and rt'tl oxid<>8 are crystalline. 
He said that the former forms microscopic 8{|uare tabh*ts, and that if the pale yellow 
crystals arc left in contact with the li(jiiid in which they have b(‘en formed, or in a 
soln. of sodium or potassium chloride, they increase in siz<', and the colour changes 
from pale yellow to orange, and in some weeks to a red tint. Wlien the erystals of 
the yellow oxide are boiled witli aq. soln. of salts, they are converted info the 
prismatic form of tlie red oxide ; the same change takes plaee when the dry yellow 
oxide is heated at 2.'»o ■ 000° for 8-21 hrs. The colour of the oxide does not affoixl 
trustwortliy evidence as to which form is jiresent, sinc e the tabular erystals of the 
yellow oxide sometimes exhibit a deej»er colour than the prismatic' erystals of the 
red variety. On the other hand, A. J. Allmand stated that bedh tla' yellow and 
red modifications oec ur in prisms and (piadratic plates. J. L. (lay Lussae attributed 
the differc.'nces which have been observed in the })hy8ieal and ehc'mieal projairt/ies 
of the two o-xidc's, to a difTc‘r«?nee in the dc grc'e of fiiicuiess of the yc'llow and red 
oxides. The greatc'r chemical ac'tivity of the* yellow oxide is a result of the greater 
surface exposed to the reagcuit. W. Ostwald, and K. Scdiiek also consider the two 
modifications to In' id«Miti(.‘al e.vcept in the size of the grains. 

'rhe following cliffy rcncc.H in fhe iirojicrties of tiu* ml and yellow oxides have Ijoeii , 
rejKirted. E. J*. Schoch founcl the sp. gr. of the* red oxides to lx* slightly lower than that 
of the yellow'. The errors of experiment in delemuning the sp. gr. of fino groincHl powders 
are edways greater than with e«*arbe-grttmetl hoiiiogeni'oiiM material. .1. 'I'. I’elonMJ found 
that when wpial quantities t)f the two oxi<k*« ao' ignitc'd in the sann‘ muffle, the* yellow 
oxide \olatilizcs completely in a time m which the dc*c,*oniposition of the rod oxido has 
Hcarcely l>egiin, J. L. («ay Lussae and N. A, K, Millon also founcl that tl^ yellow- oxide* 
gives ofT rather more oxygen than the red in the same time when heated side by Hide, but 
the differenco is slight. E. P. Schoch stated that tin* diKHo« iation press, of thci yc*llow oxido 
at 300‘’~320° is 700 miu., whc^rcas that of the red chs's not exce«‘d 400 mm. E. ( ohen found 
a differonco of 0'68,'5 millivolt when the two forms of oxide; are made into oloctrodoi, 
Hg I HgO, KOH ; but, according to C. Fiiseya, this may Ixt an ofTcH’t of the greater 
solubility of the more finely dividcxl oxide. Acetirding to J. T. Pelouzo, dry chlorine 
acts very slowly on the? rc*d oxide at ordinary temp, and not much more quickly when the 
oxide is powdered, the reaction with the yellow oxide is tsi vigorous that liie mass becomes 
rod hot even when the yellow o.xidc has been pre heatetl to 300®“400'’. J. L. Gey Luasao 
contradicted tliis in that he found dry c;hlorinc gas producc*« less liyfiochlorous anhydride 
with the red than writh the yellow oxides, and he attributed the difference to the sinalkir 
surface presented by the red oxido and tlio formation of a layer of mercuric chloride ; the 
slowness of the reaction with the retl oxide resulta in a slow'er rise of temp., and cvmse- 
queutly this redaction is not so accelerated by temp, as with the yellow oxido. Under 
water, the two oxides are acted on by chlorine with nearly the somo sjieod, fiocauso the 
mercuric chloride is d^^lved as feat as it is formed. K. A. K. Millon found that red' 
oxide may be boiled with a eoln. of oxalic acid without changing ver>’ much, while the 
yellow oxide, even in the cold, is quickly changed to white oxalate. J. Kostcr and 8. J. Stork, 
found that if the red oxide be ground in an agate mortar for 2 hn*. it is as reaiily ooted 
ujpon by an aq. soln. of oxfihe acid as the ywow oxide. N. A. E. Millon reported also 
tW when boiled with an excess of a eoln. of potassium dichromate, the ydlow oxide., 
forms the basic chromate, 3HgOX'rO|^ and the red oxide, 4HgO.CrO|. E. 8polta fotuid . 
that when heated in a sealed tube at 150°, the yellow oxide reacts with sulphury} chloride, 
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but not 80 with tho rod oxide. C. H. Hiiwl ntated that the yellow oxide, when dried at 
reacts with dry ammonia at 100®; but when dried at 160®-180® the oxide is not 
changed by dry ammonia at 160®. F. Kohler stated that the red oxide is not changed by cold 
or hot selenium dioxide, or selenic acid, while the yellow oxide forms a basic selenate ; and 
C. F. RammelHbtjrg made a similar observation with respect to the action of iodic acid. 
O. Schmioder stated that tho red oxide is sparingly soluble in an aq. soln. of ammonium 
sulphate, and that a white basic salt appears before tho liquid is sat. ; on the other hand, tho 
yellow oxide remJily dissolves in {ho li<piid, and a basic salt st^parates after the liquid is sat. 
According to N. A. E. Millon, an alcoholic soln. of mercuric chloride converts tho yellow 
oxide rapidly into oxychloride, HgCl,.2HgO, while tlie rod oxifle is scarcely affected. Vide 
infra, ohernical reactions. 

R. Varet found that the heat of neutralization with hydrocyanic acid is 31 58 Cals, 
for both the red and yellow oxides ; the heat of formation of both oxides is the 
same, and no heat is evolved when the red oxide passes into the yellow' one. The 
solubility of the yellow oxide in water is greater than that of the red oxide. This 
is in accord with the general observation that the solubility of a fine-grained powder 
is greater than that of a coarse-grained powder. G. A. Hulett found that the 
solubility of ordinary mercuric oxide at 25'' is 0 050 grm. per litre, and when finely 
ground, the solubility rises to 0150 grm. per litre. When still further comminuted, 
the solubility of the red oxide can be made to exceed that of the ordinary yellow 
oxide. R. T. Glaze brook and S. Skinner found that with Gouy's standard cell, 
the red oxide gives an e.m.f. of 1*384 volts, and the yellow oxide, r391 volts. 
E. Cohen obtained analogous results ; but W. Ostwald showed that the differences 
depend on tin; different solubilities of the tw'o oxides. Both oxides have approxi- 
mately the same solubility in W-soln. of potassium bromide or iodide, sodium 
thiosulphate, etc. W. Bersch showed that mercuric oxide reacts with the alkali 
halides, e,g. HgO-f 2K(J1 f-H 2 C=F^-KOH-l-HgCl 2 , until equilibrium is reached. 
The cell Hg [ HgOyeiiow | K0H»oin i HgCrcd \ Hg, in consequence, gives an e.m.f. 
of 0‘0()1 volt which is well w'ithin the range of ex])erimental error. 

The physical properties of mercuric oxide.-- F. A. 0. Gn n « said that mercuric 
oxide has a disagreeable metallic taste ; and it is a violent aiTid poison. The 
colour has beiui previously discussed. F. A. C. Gren, E. J. Houston, and G. F. Hilde- 
brandt showed that when tho red oxide is heati'd, it darkens m colour and becomes 
violet-black, but the original red colour is restored on cooling {vide 2. 18, 13). 
E. F. Schoch also found that when the yellow oxide is heated under water, it becomes 
red, and the original yellow colour is restored on cooling. B. S<‘hwalbe found that 
when tho red oxide is cooled to —86°, it is nearly colourless. According to 
M. Saladin, obtuse rhombohedral crystals were formed in a bottle containing the 
, pharmaceutical preparation a</ua phagmlwvicn — a mixture of limo-wak‘r and 
mercurous chloriile. W. F. Hillebrand and W. T. Schaller found that the crystals 
of montroydite are holohedral and rhombic with the axial ratios a :h:c 
~ 0'637r) : 1 : 1*1677, A. des Cloizeaux stated that tho tabular crystals obtained 
by heating mercury for a long time in air are monoclinic prisms with axial ratios 
a:b: c=0*6728 : 1 : 0*3185, and j3— 117° 29' ; P. Groth recalculated the data and 
obtained a : 6 : c - 0'5976 : 1 : 0*0367, and )9“90° 56'. 0. G. Nordenskjold obtained 
a:h'. c-~r5330 : 1 : 1*4500, and j8 approximately 90°, or, recalculated by P. Groth, 
a : b : c=l*1498 : 1 : 1*875, and ^ approximately 90°. For E. P. Schoch’s and 
A. J. Allmand’s observations, vide supra. 

A. le Royer and J. B. A. Dumas gave 11*29 for the spedfio gravity of mercuric 
oxide in vacuo; W. Horapath, 11*074-11*085 (17*5°-18*3°) ; P. F. G. BouUay, 
11*0 ; C. J. B. Karsten, 11*1909 (4°) ; L. Playfair and J. P. Joule, 11*136-11*344 
at 3*9° ; and E. P. Schoch, at 27*5°, gave 11*03 for the yellow oxide, 11*08 for the 
red oxide, and for the red oxide finely groimd, 11*21. Mf. F. Hillebrand and 
W. T, ^halier gave between 2 and 3 for the hardness of montroydite ; and 
A. J. Moses gave less than 2. W. Spring studied the effect of pressure on mercuric 
oxide, and M. C. Ix^a reported that this oxide darkens slightly but very distinctly 
under press., and this change seems to be accompanied by a slight loss of weight, 
requiring, however, very careful weighing to detect it. The darkened part, as well 
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the re»t, diseolveii without difficulty in acetic acid, and consisU'd, therefore, 
probably of traces of mercuroua oxide and not of metallic mercury. 

According to C. Zenghelia, mercuric oxide is volatile at ordinary temp., and a 
gold plate a short distance away is attacked, a silver plate more so. A. J. Allmand 
gave 6x10" atm. at 18^ for the dissociation pnssuiC of mercuric oxide; 

V. Rothmund gave atm., or 10“®‘^ mm. at room temp. G B. Taylor 

and G. A. Hulett gave for the dissociation pn‘SH., p, at T'" K., log p— - 

-j-1’75 log 7’--0’001033r-|-5 y461 — tide 1. 8, 2. J. Kendall and F. .1. Fuchs found 
that the oxides of copper, manganese, iron, cerium, silicon, ami chromium accelerated 
the thermal decomposition of mercuric oxide ,T. Joubert found tlie oxide to be 
pcr<‘eptibly decomposed at The action of heat is such that, according t4) 

W. H. Echols, decomposition begms at O-lO’, and combination at 4r)(T\ At a retl 

heat, theri'fore, mercuric oxide volatilizes completely, for it is resolved into oxy gen 
and mercury vapour, and if heat<*d in a distilling uj>paratus, th»' mercury vapour 
takes up some oxygen on cooling, and this collects on the surface of t he mercury m the 
receiver. E. P Schoch found the dissociation press, of the yellow oxide is greater than 
that of the red oxide at about dtK )'" — mie aupra. The equilibrium eomlitions lu tin* 
heterogeneous system 2HgCb=i2Hg-f ^2 studied by .1. Myi'rs, 11. Pelabon, 

H Debray, H. W. B. Roozeboorn, and G. B Taylor and G A Hulett— f'n/e 1. 8, 2. 
0. Brunek found that 2 r> to 1 jkt cent, of the oxygem is ozonized, but not if the 
oxide is heated in air ; with a mixture of })otassium chlorate and mercuric oxide, 
no ozone is formed. A H. l..eetiH thought that the sujiposed ozone form<*d by 
heating im'rcunc oxide is really chlorine pn^sent as an imjmritN in the oxide. 
According to M. Goldstein, the molecular heat is rc6. H. Kopp gaye OOfiJM) for 
the specific heat between [y and r>2 ‘ ; 11. V. Uegnault, o OolH between f)' and 118'’ ; 
and A. S. Biis.sell, O Od.'if) between — PK)" and —80'’ ; (l•(G•P.I between - 74‘^ and (P ; 
and i) between 3‘ and 13 . The heat o! formation or decomjiosiiion. according 
to M. Bortholot, is 21 5 Cals. — the same for red or yellow oxide, as subseqmuitly 
found by R. Varet — vide supra. J. Thonwn gave (Hg, 0)=30'67 Cals. ; W. Nernst, 
20 7 Cnfs. ; R. Varet, 215 Cals. ; and G. B. Taylor and G. A, Hulett. 211 ('als. 

E L Nichols and B. W. Snow measured tin* wfiecting power for light of different 
wave-length at 25’', 313 ', and 523 . Mercuric oxide gradually blackens when 
exposed to sunlight, being sujierticially decomposed into mercury and oxygen, 
aeeorilmg to N. .1 B G. Guibourt, or into mercury and increurous oxide*, aiTording 
to M. Donovan No (‘volutioii of gas was observed by G. Lemoine during the 
(let omposition of mercuric oxide m sunlight M. Berthelot found that red mercuric 
oxide is more rajiidlv decomposed by sunlight than the. yellow oxide ; this is jiartly 
due to th«* colour and to the texture of the powder ; the action is nfUch increased* 
if moLsture be jtn'sent. G. A. Dima studied the photoelectric effect of mercury 
oxide ; and N. R. Camjibell, the radioactivity. 

K. Sc‘!ii(,k found the sp. electrical conductivity of aq. soln. to be 21 X l(r® at 26®. 
A. .) . Allmand has measured the difference of potential with red and yellow mercuric 
oxide, and N- and j-'-A-soln. of jiotassium or sodium hydroxide. M, Chow* measured 
tlu’ e.m.f. of hydrogen and mercuric oxide cells, and of mercuric oxide and amalgam 
cells. A. Iljeff measured the thermoelectric force of two pencils of compn^ssed 
mercuric oxide. J. Habermann, and P. Bunge, showed that a mercujj' cathode 
with a 1 cm. layer of mercuric oxide does not give off hydrogen in the electrolysis 
of organic liquiii. P. T, Muller and H. Allcmaiidet, and A. Heil fionsidered the usi^ 
of mercuric oxide as a depolariier in galvanic elements. 

The chemical properties of mercuric oxide,— Mercuric oxide is readily reduced 
by hydrogen. 8. Hrfhser 7 found the temp, of the* reduction of the yellow oxide to 
be 64® -76® ; and of the red oxide, 164®-195®. According to A. Colson, the yellow 
oxide reduced about five times as rapidly as the red oxide ; the rapidity bf attack 
is not pro[)ortioiial to the press, but more nearly to the cube root of the press. 
W. Muller- Erzbach observed no reduction by hydrogen at 20r)®, a slight action at 2^)®, 
and more at 230® ; and with the yellow oxide the action Ix-gins at 127®. 1. W. Fay 
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and A. F. Seeker detected a reduction with the yellow oxide at 60®, and with the 
red oxide at 115® ; F. Glaser’s numbers are respectively 75° and 91® for the yellow 
and red precipitated oxide, and 140° for the red oxide prepared by heating mercury 
in oxygen. F. G. Donnan and A. J. Allmand compute the thermal value H2-f HgO 
:=sHg-fH20-f-4675 Cals, from measurements of the e.m.f. A. von Antropoff 
found that the red oxide su^ended in water is not changed by the passage of 
ozonized oxygen for three days. M. Traube found mercuric oxide is oxidiz^ by 
hydrogen peroxide ; and M. Martinon, that it is reduced by hydrogen peroxide in 
alkaline soln. 

According to A. L. Lavoisier and C, M. Cornett** ® precij)itated yellow mercuric 
oxide is soluble in water, but not the red oxide. L. Thompson and N. J. B. G. Gui- 
bourt also noted the solubility of mercuric oxide in wat<*r. E. F. Anthon found the 
oxide to be sparingly soluble in cold, and more soluble in hot wati‘r. The statement, 
however, was contt'sted by the early workers, and some believed that the alleged 
solubility was a mal-observation due to the use of an oxide contaminated with the 
nitrati* ; but R. F. Mar(;hand, F. H. Boudet, and A. Gossmann showed that the 
oxide free from nitrate is dissolved by water. A. Bineau found that a litre of 
water dissolves 0 0, Ti gnu. of yellow or red mercuric oxide ; and W. Wallace, that 
a litre of water dissolve's () 00.5 grm. of yellow oxide afO'r standing for a long time 
in contact with one another, and 0 (X)8 grm. after boiling and cooling. G. A. Hulett 
found a litre of water at 25® dissolves 0*05 grm. of coarse-grained red oxide, and 
0T5 grm. of the fine-grained red oxide. K. Schick gave for the solubility of the 
yellow oxide in a litre of soln., 0 0518 grm. at 25®, and 0 410 grm. at 100® ; and 
the rod oxide, 00513 grm. at 25®, and 0*379 grm. at KX)® — longer contact would 
probably have given better agreement between the results with the red and yellow 
oxides. Ho estimated 2 per cent, ionization occurs in a*], solii. A. J. Allmand 
gave for the solubility product, 4 x10”^ at 18®; H. Grossmann gave the same 
value ; and 8. Labendzinsky, 1*5x10“*^. 

According to H. Moissan,® fluorine attacks mercuric oxide with the development 
of heat. M. Braamoamp and 8. Oliva found that at a red heat, chlorine decom- 
poses mercuric oxide into oxygen and menmric ('hloride, but at lower temp., chlorine 
monoxide and mercuric chloride or oxychloride arc formed ; and with mercuric 
oxide suspended in boiling water, chlorine forms mercuric chloride and chlorate. 
A, Michael and A. Murj)hy found that a 10 per cent. soln. of chlorine scarctdy 
attacks mercuric; oxide under conditions where the gas readily attac^ks the oxide. 
According to E. Lippmann, a soln. of iodine in water, aleoliol, benzene, acetone, 
or carbon tetrachloride — but not in alcoholic p'henol — when boiled with mercuric 
' oxide in a rt^lux condenser forms mercuric iodide, and an oxyiodide — possibly the 
iodate : 6HgO-f6l2=5Hgl2-f'Hg( 103)2. K. Bruckner noted the formation of 
mercuric iodide and iodat<; in aq. soln., but in alcoholic soln. some aldeliyde was 
formed. R. L. Taylor noted that freshly precipitated mercuric oxide gives mercuric 
hyqioiodite when treated with iodine dissolved or suspended in water. A. Jager 
found the solubility of mercuric oxide in aq. hydrofluoric acid of normality N, to be : 

2V . . . 012 0-24 0-57 Ml 2 17 

Mol per litre . 0 01258 0 0247 0 0020 0 1108 0-2686 

If alkali fluorides be also present the solubility is reduced ; H. Pick gave 1*8x10“** 
for the solubility product. 0. D. Sweet found that h]rdrocbloric a*^ mixed with 
ammonium chloride is a good solvent for mercuric oxide. 8. M. Tanatar and 
L. Pisaarjewsky found the heat of soln, in O'LV-alcoholic soln. hydrochloric acid 
to be 18*9 Cals., and M. Berthelot gave 9*45 Cals, for the he&t of neutralization of 
}HgO with hydrochloric acid (one eq. per litre). According to E. P. Schoch, the 
water sblubility of mercuric oxide is raised in the presence of alkali chloridzs ; 
C. Jehn, and H. Grossmann found the oxide to be readily soluble in a soln. of 
potasziam iodide, forming, according to £. Rupp and W. F. Sebirmer, potasaium 
hydroxide and potassium mercuric iodide, K2Hgl4. G. Andr4, found mercuric 
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oxide^to be solable in cone. soln. of the nllrmliTf Mith and of faiyi 

OllloindB. W. Bcr»^ found that the alktli halides are decoropoaed by mercuric 
oxide, forming the mercuric halide and the alkali hydroxide until equilibrium is 
attained, but if an insoluble mercuric halide is formed, and an excess of mert^uric 
oxide 1^ present, all the halogen is abstracted from the soln. The state of equili- 
brium is dependent on the heat of reaction ; if heat is abstvrbed, the. quantity of free 
alkali increast's with rise of temp, and circ tyrm. The time required to reach the. 
^l state of equilibrium is dependent on the halogen--it is smallest with the 
iodides, and decreases as the temp, is raised. The amount of decomposition depends 
mainly on the halogen, the alkali metal has very little influence on the result. 
0. Kiihling, M. Dranty, and E. Dufau studied the action of sola, of sodicUD ohloridA. 
According to W. R. Hodgkinson and F. K. Lowndes, when mercuric oxide is added 
to molten poift SSlu m GhlOTfttO* there is an incrc‘a 8 e in the speed of evolution of 
oxygen, and chlorine is formed. 0 . Brunck also studied this reaction, i»m/c nupra. 

When mercuric oxide is heaU'd with solphor in a retort, L. J. Proust observwl 
a violent explosion ; and J. B. Senderens found that by rubbing t^)gether sulphur, 
mercuric oxide, and a little water, and beating the mixture to 1(H) , mercuric sul- 
phide and sulphate were formed. F. (j. Phillips found that mercuric oxide susjxmded 
in water is slowly turned grey and then blackened by methyl hydiOSUlphide. 
R. W. Bunsen used mercuric oxide for oxidizing metal sulphides into oxides, 
F. W. Schmidt said that basic suljihat^'s may be formed. According to I). L. Ham- 
mick, sulphur dioxide is oxidized by heak*d merciu-ic oxide forming mercury, sulphur 
trioxide, and mercurous and mercuric 8 ulj»hates. A. Vogel found that mercuric 
oxide is reduced by sulphuroos add to sulphuric acid and mercury ; but if tho 
proportion of sulphurous acid be small, there is a rise of tmiip. and sonu' mercurous 
sulphate, IlggSO^. is formed, and in part dissolved ; that in soln. is very slowly 
reduced by the sulphurous acid to mercury. The precipitation is complete if sufH* 
cient acid be present. G. Oddo and U. Giachery represented the quantitative ri'* 
act ion with sulphur monochloride : 2Hg<)-f 282 ( 12 --HgGl-i I ^(> 2 E. Bpelta 
noted that sulphoryl chloride, 8 O 2 CI 2 , does not react witli cold or hot mercuric 
oxide prepared in the dry way ; but with the yellow oxide, mercuric sulphate* and 
chloride are formed. f{. B. North found suljihuryl chloride reacts slowly at 
ordinary temp, and press, with the yellow oxide end a mixture of mercurous 
and mercuric chlorides was formed in a few days. The yellow oxide acts more 
vigorously than the red oxide when heated with sulphuryl chloride in a 8 c‘aled 
tube — some sulphur trioxide is formed. The yellow oxide reacts vigorously with 
thionyl chloride, SOCI 2 , and a white mixture of mercurous and mercuric* chlorides 
is formed; with a large proportion of thionyl chloride: HgO | r){? 0 Cl 2 " 
4 - 3 S 02 Cl 2 -f-S 2 Cl 2 ; and with a small proportion : HgO-f SO( 32 “HgCl 2 ^ SO*. 

K. Barth noted that a complex is formed when mercuric oxide is treated with 
lodium hydrosolphate : Hg 04 - 2 NaHS 04 — Hg(NaS 04 ) 2 -f HgO. W. Sjiring found 
mercuric oxide reacts with sodium hydrosulphatci under tho influence of great 
press. J. Landauer and F. J. Faktor found mercuric oxide is blackened by 
lOdimn thiosulphate, and mercuric sulphide is formed. A. Seyewetz and P. Trawitz 
found that the oxide dissolves in a hot soln. of ammonium penulphate, giving of! 
oxygen and forming a sulphate. 

According to J. Kjelciahl,!^ and C. Arnold and K. Wedemeyer, mercuric oxide 
at 4(X)'’ acts as an oxidizing agent for nitrogen, and can be utilized in organic analyti- 
cal work. G. Gore and E. C. Franklin and C. A. Kraus found both yellow and red 
mercuric oxides are insoluble in liquid ammonia. A. L. Lavoisier ndcjrred to the 
solubility of mercuri? oxide in aq. ammonia ; and he added that on evaporation 
the soln. furnishes a white salt in which the mercuric oxide /at/ ahrs V office d*acuU. 

L. Cramer obtained what he regarded as mercuric do/rtla-amninc-oxidc, 3lIg^.2NH|, 
by mixing an emulsion of gum arabic and mercuric oxide with ammonia. It is 
stated to blacken on exposure to light. 8. Hauser studied the reduction of mercuric 
oxide by ammonia gas. A. Guyard found the oxide is soluble in ammoniacal soln. 
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of ftmmQninm salts. F. Ephraim found sodamide is reduced and sodium amalgam 
is formed. According to P, Sabatier and J. B. Senderens, nitric oxide is not changed 
by mercuric oxide at 300®, but at 400®, nitrous fumes are formed and the oxide 
dissociates. According to W. Lossen, and A, Thum, hydroxylamine rapidly reduces 
mercuric oxide to the metal ; the reaction has been studied by W. Zom, E. Divers, 
W, F. C. Dreslcr and R. Stein, and M. Adams. The latter found the oxide is dis- 
solved at 0® by an alcoholic soln. of hydrox)daminc hydrobromide. Mercuric oxide 
is vigorously reduced by hydra2dn6 hydrate, and the reaction has been studied by 
T. Curtius and R. Jay, F. Schrader, L. de Bruyn, A. W. Browne and h*. F. Shetterly, 
etc. C. F. Hale and V. E. Nunez represented the reaction ; N2H4.H20-f2HgO 
=3N24-iiIi>?+3H20. 0. 1). Sweet found nitric acid to be a good solvent for mercuric 
oxide. E. Divers found the hyponitritcs are oxidized by mercuric oxide to nitrites. 

A mixture of mercuric oxide and phosphorus detonates when struck with a 
hammer ; and when boiled with water and phosphorus. B. Pelletier noted that 
mercury phosjjhido and phosphoric acid arc formed ; at ordinary temp. M. Braam- 
camp and S. Oliva, and A. Granger found that mercury is })roduced, but they say 
that no phosphoric or phosphorous acid appears to dissolve in the water — possibly 
a phosphate is fornuid ; they also stated that phosphorous acid reduces mercuric 
oxide to mercury, and phosphoric acid is formed. B. E. Howard also found hypo- 
phosphorous acid redue(*8 mercuric oxide explosively to the metal. K. Haack 
found mercuric oxide to be insoluble in phosphoric acid, arsenic acid, and in soln. 
of the primary and secondary alkali phosphates and alkali arsenates. C. Reichard 
studied the action of red and yellow mercuric oxides on soln. of arsenious oxide in 
sodium hydroxide, and when the soln. is warmed, the mercury is reduced. A. Vogel 
found powdered antimony reduces mercuric oxide when the mixture is lieated. 

According to A. Gautier,^''* carbon monoxide does not act on moist mercuric 
oxide ; but I. W, Fay and A. F. Seeker found that the yellow oxide is reduced in 
6 hrs. at 0®, and the red oxide likewise at 95®. L. Moser and 0. Schmid said that 
the yellow oxide is cjuantitativoly reduced at KK) ’, but not the red oxide. S. Hauser 
♦ gave 95® for the temp, of the reaction with red oxide, and 50® with the yellow oxide. 
F. von Kiigelgen rc'duced mercuric oxid(' by heating it with calcium carbide. 
C. R. C. Tichborne found that a red coloration appears wlu'ii mercuric oxide is 
triturat-ed with a 10 per cent. soln. of sodium hydrocarbonate mixed with phenol- 
phthalein, and just decolorized with nitric acid. L. N. Vauquelin found that the 
action of mercuric oxide on cyanogen rcsmubles that of the alkali hydroxides — 
the undiasolvcd oxide turns brown, and mercuric cyanide and ammonium carbonate 
are formed. M. Berthclot gave for the heat of the reaction at 15® between mercuric 
oxide and hydrocyanic acid (1 eq, per litre), 31 Cals, for the solid salt, and 31 Cals, 
for the salt in soln. G. McP. Smith found red mercuric oxide reacts in the cold 
with a soln. of potassium ferricyanide, forming ferric hydroxide, potassium hydroxide, 
and mercuric cyanide ; with an excess of the ferricyanide, mercuric oxid(‘ dissolve's, 
ferric hydroxide is deposited, and the soln. deposits crystals of mercuric cyanide. 
F. Selmi found that when fe^C potassium ferrocyanide —soluble prussian blue— is 
boiled with water and mercuric oxide, mercuric cyanide is formed ; silver ferro- 
oyanide was found by W. Weith to have very little action ; potaSKnum cobalti- 
cyanide to have none at all ; F. Sdnderop found that a boiling soln. of potassium 
cobulticyanide form potassium hydroxide and cobaltous mercuricyanide, 
GOsHgsOyio ; E. Lehmann, that potassium manganicyanide, KsMnCy^, forms 
mercuric cyanide and manganese sesquioxide ; C. Rdlcke, that potassium chromi- 
03ranid6« KsCrCyg, forms chromium hydroxide, mercuric cyanide, and chromous 
mercuricyanide, Cr 2 HgsCyi 2 ; the Badische Anilin- und SoUafabrik patented the 
formation of ammonia by the action of mercuric oxide on titanium cyanonitrido. 
A. Fleibcher found mercuric oxide is copiously dissolved by cold or hot soln. of 
ammonium thiocyanate. 

Mercuric oxide acts as an oxidizing agent on many organic compounds and is 
thereby reduced to mercurous oxide or the metal— c.^. A. Vogel found soln. of sugar 
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or reduced mercuric to mercurous oxide, and in the prestmce of pot-assium 

hydroxide, A. C, Becquerel found the metal is produced. According to P, Sabatier 
and A. Mailhe, alcohol at 150^-250'^ forma carbon dioxide and acetaldehyde — not 
acetic acid ; and, according to F. Bullnheimer, ^ociol reduces the oxide to the 
metal. A. Connell found that mercuric oxide dissolves in a boiling mixture of acetic 
and formic acids, and P. A. von Bonsdorl! found that this oxide is not decomposed 
with a soln. of ixitassium chloride and aodium formate, but when heated with 
potassium chloride and free formic add, carbon dioxide is evolved, and some potas- 
sium formate, mercuric chloride, and mercury art* produced. K. Brand studied 
the solvent action of trichloroacetic add ; W. fraube and B. Lowe, that of ethylede- 
diamine ; K. A. Hofmann, of acetone, propyl alcohol bensene, chloroform, petro- 
leum, etc. ; H. Wilfarth showed that the presence of mercnric oxide iicccIerHtes the 
oxidation of organic substances by suljihurie acid ; and A. Halnike used it for 
oxidizing organic matters. H. Erdmann and H. Kothner found that mercuric 
oxide favoured the continuous formation of acetaldehyde by jjassing aci'tvhuie into 
a l)oiling mixture of sulphuric acid and water. Mercuric oxide is soluble in picric 
acid (R. Varet) ; alkali phenoldisulphonatt* (A. and L. LuinuTc and M. Chevrotier) ; 
formaniide (B. Fisclier and B. Grutzner) ; benzainide (V. Dessaigncs) ; soln. of 
gum arabic (J. Peschier) ; etc. Mercuric oxide forms coniph'xes with many organic 
compounds. According to S. M. Auld and A. HantZM-h. frcshlv prccijdtuted 
mercuric oxide does not dissolve m acetone, but it readily dissolvi's if a trace of 
alkali hydroxide is present ; it behaves similarly with acetaldehyde ; and il docs not 
dissolve' m acetophenone unless the mixture is warmed to KKi". 

E. Lay found mercuric oxide decomposed heated silicon hydrogi*n-nitrogcn 
coin])ounds-f.^. JSi 2 N 3 H ; 0. Ruff and K. Albert reduce'd silicochloroform, SiHt'la ; 
and G. Kauter reduced silicon tetrachloride, Si(’l 4 , la-tweeu 2:a)" and 
C. ('habrie and F. Levallois found ultramarine is desulphurized by t n'alment with 
silver chloride. J. L. Gay Liissac and L. .1. Theimrd found that mercuric oxide is 
ri'duccd by molten potassium or sodium in a similar manner to mercurous oxide. 
X. N Beketoff obtained a mixture of Na^Hg and Na^IIgOo by heating e(p tjuanti* 
ties of sodium and luercuru^ oxide. (' Winkler re<luc(*d the oxide by Ji(*ating it 
with magnesium ; A. Vogel, by heatmg it with zinc or tin lilmgs ; and A. Stavi'n- 
hagen and E. Schuchard, by warming it with aluminium. 

E. P. Schoch stated that mercuric oxide is n<d much more soluble in an aq. 
soln. of sodium hydroxide than it is in waU-r, but K. .Schick stated that its solubility 
m is 25 per cent, greater than in water. G. Fuseyn found the solubility 

of mercuric oxide at 25", when K denotes the equilibrium constant, to be ; 

» 

XaOH . 0 0 0-0‘1G5 0*502 1 0758 2 00 mols per litre. 

UgO . 23 4 24 0 24 0 20 0 28 3 30 0 inilhmolH per litre. 

K . . . _ 0 0047 0*(a»40 0 0060 O 0051 

The sudden change in the solubility of the oxide in passing from neutral to alkaline 
soln. is thought to be due to the greater dispersion of the mercuric oxide in alkaline 
soln. Assuming that the steady increase in the solubility of mercuric oxide as the 
(one. of the sodium hydroxide increases, is due to the hydratc^d mercuric oxide 
acting as a weak acid, mercuric add, HgHgOg, and since the increase in solubility 
is proportional t<) the first pow«?r of the cone, of the OH'-ion, G. Fuseya represents 
the reaction Na* f OH'-fllKOjoUd—Xa -f-HHgOj', and calculates the equilibrium 
constant A, from A— [HHg02 j/OH'], He estimated the ionization constant of 
the first hydrogen o^ mercuric acid to be 1*7 Xl0“i®. J, Hausinann studied the 
diffusion of mercuric chloride in gelatine containing potassium hydroxide in soln. 
S. Aleunier showed that a little mercuric oxide readily dissolves in molten pjitassium 
hydroxide over 400" without the evolution of gas, forming a colourless liquid. The 
cold cake when slowly cooled lb brownish-violet, and when extracted with water 
furnishes some amorphous mercuric oxide and rhombic octahedra of potasrinm 
mercoriate, K 2 Hg 203 - sp. gr, 10’31. When the crystals are heated, the mercuric 
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oxide volatilizes from the crystals, and leaves behind potash. They are gradually 
decomposed by water, and more slowly still by alcohol. 8. Meunier obtained 
similar crystals of what he regarded as godiiun mercanate,Na 2 Hg 20 s,in an analogous 
manner. K. Schick obtained what was assumed to be barium mercnrtote, 
BaHg208.H20, by mixing a 0 26iV-8oln. of barium hydroxide with levigated yellow 
mercuric oxide. C. L. BerthoHet boiled mercuric oxide with lime-water, and on 
evaporation obtained yellow crystals thought to be caldum mercuriate. 

B. Finzi said that mercuric oxide dissolves in soln. of silver sulphate* nitrate, or 
acetate. V. Kohlschiitter and A. d’Almendra found that if mercuric oxide be 
immersed in a soln. of silver nitrate containing some free acetic acid, a deposit of 
metallic silver is formed on the oxide — vide zinc oxide. A. Mailhe precipitated 
basic salts by adding mercuric oxide to soln. of cupric chloride, bromid^ or nitrate, 
while cupric sulphate is but slowly and iucom])letcly attacked. Basic salts were 
also obtained by A. Mailhe, and G. Andre from soln. of zinc chloride, bromide, OT 
nitrate ; the former found no precipitation occurs with cadmium sulphate, but basic 
salts wore obtained with cadmium chloride, bromide, or nitrate. L. Barthe found 
mercuric! oxide to be sparingly Holublo in a cold soln. of mercuric cyanide, but 
copiously at 75'' with the evolution of hydrocyanic acid. A. Vogel noted that an 
aq. soln. of stannous chloride gives a prec ipitate of the metal and a basic salt— stannic 
(ihloride is formed. A. Mailhe obtained a precipitation of basic chloride from soln. 
of lead chloride, but no visible change with lead nitrate soln. Basic bismuth 
chloride is precipitati^d when mercuric oxide is dissolved in a cold soln. of bismuth 
trichloride ; a basic bismuth nitrate also j)rcci])itate8 from soln. in bismuth nitrate. 
E. F. Smith and P. Heyl found that ehromium, iron, and aluminium are completely 
precipitated as hydroxides or basic salts from soln. of their salts by the addition of 
mercuric oxide, while zinc, cobalt, nickel, uranium, beryllium, cerium, and lantha- 
num are partially precipitated from cold soln., and more completely from hot soln. 
B. Finzi also examined the action of'soln. of salts of chromium, aluminium, manga- 
nese, iron, nickel, and cobalt on mercuric oxide. C. Zimmermann found that mercuric 
oxide does not j»reeipitate uranyl hydroxide from soln. of uranyl nitrate, but it 
does so quantitatively from uranyl chloride soln. or mixtures of the nitrate with 
alkali chloride ; and G. Alibegoff used the reaction for the separation of uranium 
from the alkalii's and alkaline earths. A. Mailhe found that mercuric oxide is soluble 
in soln. of uranium nitrate and aluminium nitrate and a basic mercuric nitraU* is 
formed ; and also that freshly precipitat'd mercuric oxide added to soln. of 
manganous chloride causes the separation of manganese hydroxide which rapidly 
forms a higher oxide and an oxychloride ; no visible change occurs with soln. of 
' manganous sulphate ; and a mangano-mercuric nitrate is obtained in soln. of the 
, nitrate. J. Volhurd, and C. Meineke jirecipitatd manganese dioxide, Mn02, by 
treating a soln. of manganese sulphate ormtrate with mercuric oxide and bromine 
water. According to A. Duflos, mercuric oxide is reduei'd to mercurous oxide by 
lerrous hydroxide or ferrous salts ; A. Mailhe obtained a precipitation of a basic 
ferric chloride from soln. of ferrous chloride ; a basic sulphat' from soln. of ferxouill 
sulphate ; a basic men uric salt from soln. of ferric cUoride, ferric sulphate, or. 
ferric nitrate. He also obtained a precipitation of basic salts from soln. of nickel 
chloride or nitrate ; and from soln. of cobalt chloride or nitrate. C. Zimmermann 
utilized the reaction for separating cobalt and nickel from iron and aluminium 
chlorides or sulphati's. 

Mercuric hydroxide. -The aq. soln. of mercuric o.xide, according to 
N. J. B. G. Guibourt,i7 und M. Donovan has a metallic taste, and when exposed 
to the air, becomes covered with a film of mercury' ; it Ss coloured brown by 
hydrogen sulphide ; and gives a white turbidity when slightly diluted with ammonia ; 
and it rflso colours the juice of violets green. J. Fonberg found that the soln. does 
not act on turmeric ; and F. H. Boudet, that it colours litmus blue ; A. Bineau also 
stated that it acts on litmus after admixture with a salt soln. N. Pappada found 
colloidal mercuric oxide to be soluble in a soln. of mercuric oxide. T. Camell^ 
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and J. Walker claimed to have made mercuric hydroxide, Hg(OH)t, bv adding 
sodium hydroxide to a soln. of mercuric chloride, and drying the precipitafb in air ; 
only about } ^r cent, of water is lost at 100'', and all— about 8 5 jMir cent—ia lost 
at 175® ; at higher temp, oxygen begins to be evolved. The. ionic solubility found 
by W. Biltz and F. Zimmennann is about 10’® ; and H. Ixy and H. Kisstd said 
that the basicity of mercuric hydroxide is very small, and approaches that of aniline. 
M. Kolthoff saw that the ionization of mercuric hydroxide involves the consecutive 
reactions Hg{GH)2?=^Hg0H -f-0H'r=^Hg •4-20H'. When mereurie hydroxide is 
boiled with an ammonium salt soln., H. Grossmann fouml thii( eoinplex salts are 
formed. N. Q. Chatterji and N. R. Dhar said that mert uric hydroxide is peptized 
by soln. of sodium hydroxide in the presence of glycerol or sugar because the 
electrical conductivity of the alkali soln. is not appre<‘iably changed by the 
mercuric hydroxide. 

Hercorio dioxide or peroxide. — According to A. von Antropofl.i® mercurous oxide 
reacts with hydrogen peroxide with explosive violence even in the presence of free 
acid ; after repeated additions of peroxide, the reaction ceases, and the black oxide 
assumes a dark red colour, due to the formation of mereurie peroxydate. Mercuric 
dioxide seems to be formed in the catalytic decomposition of hydrogen peroxide ; 
and by the interaction of an alcoholic soln. of mercuric chloride with hydrogen 
petoxide in the presence of the theoretical aruoimt of potassium hydroxide in 
alcoholic soln. G. Fellini prepared this compound in a similar manner. Some 
specimens of red oxide immediately decompose the hydrogen peroxide with 
evolution of oxygon, but the addition of a minute quantity of nitric acid will 
prevent this and induce the formation of the peroxydate. The compound cannot 
be obtained by the action of hydrogen peroxide on mercuric acetate', or by the action 
of ozone on mercury or mercuric oxide. Analyses of tho red compound show that 
it has the composition Hg 02 , and it can be regarded as the mercuric salt of hydrogen 
peroxide;, that is, mercuric peroxydate, Hg(O.O). It decomposes rapidly when in 
contact with water at the ordinary temp, with evolution of oxygen. It is slowly 
hydrolyzed by water at 0° ; the washings contain free hydrogen peroxide*, and 
mercuric oxide is formed ultiraate'ly. The dark re'd compound is not forme'd wlu'n 
the red oxide is left in contact with hydrogen peroxide* of 15 jeer e e'tit. or less vonc., 
although even in these oases evolution of oxygem occurs afte'r some little time. 
The peroxydate is formed more readily at the ordinary temp, than at O', but this 
is followed by vigorous decomposition in the course* of twenty to fifty minutej, 
whereas at if decomposition occurs after three to seven days. The dccomiposition 
is accelerated by traces of alkali, but retarded by acids. Yellow me'rcuric oxide 
cannot be used in place of the red oxide, but, if the red oxide is powdered until it * 
has a yellow colour, it reacts readily with hydrogen peroxide ; the j)roduct formed 
has a paler colour, and decomposes much more readily than the product from the 
ordinary red oxide. When dry, the compound is comparatively stable, even at 
ordinary temp. It can undergo rapid decomposition, leaving a grey residue ; 
this usually occurs at the beginning of drying ; or it can decompose slowly, giving 
up oxygen and leaving a residue of red mercuric oxide. When heated or struck, it 
expires, and the pr(3uct obtained from the finely powdered oxide explodes when 
rubbed, even in the moist state. Daylight has no apparent effect on the decom- 
position of the dry powder. Acids decompose mercuric dioxide, forming mercuric 
salts and hydrogen peroxide ; with hydrochloric acid chlorine is evolved ; with 
potassium iodide, iodine is formed ; and a soln. of potassium permanganate is 
decolorizedr The feeble basic character of mercury corresjionds with the relative 
instability of the compound when compared with the corresponding dioxides of 
magnesium, zinc, and cad m iu m . 
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§ 8. Mercury Ammonium Compounds 

Neither mercuric-amide, Hg(NH 2 ) 2 , nor mercuric-imide, HgNH, haa been pre- 
pared, although a derivative of phetiylaiuine, C^HgNHg, namely, mercuric phenyl- 
amidii Hg(NHC(jH 5 ) 2 , has been obtained. Reactions which might have been ex- 
pected a priori to give these compounds — e.g. treatment of potassamide in liquid 
amnionia with a mercuric salt — ^give the end-product, mercuric nitride, HggHg ; 
thus, with mercuric iodide : 3Hgl2-{-6KNH2-^Hg3N2+6KI-f4NH8. 

Mercurous a mm o ni a oompoimds. — Numerous ammonia derivatives of mercuric 
salts are known, but not of mercurous salts. Hydrazine, which resembles 
in some respects, is reported to form with mercurous nitrate, a white crystalline 
addition compound, mercurous hydraime nitrate, N 2 H 4 . 2 HgN 03 ; but the corre- 
sponding ammonia compound has not yet been obtained. Itt^eems as if mercurous 
compounds break down into mercury and mercuric salts as soon as the attempt is 
made tp prepare ammonia derivatives. This is supposed to be explained by 
assuming that the mercurous chloride is slightly dissociated : 2HgGl>r^Hg-f HgGl|, 
and the equilibrium is slightly disturbed by the addition of ammonia, for the 
ammonia reacts with the mercuric chloride, forming an insoluble amide ; this 
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redi^ the cone, of tte mercuric salt, and accordingly more is formed to restore 
equilibrium, and as this action continues the dissociation proceeds to an end. This 
corresponds with the fact that nearly all the mercurous ammonia compounds whicJi 
have been reported are black — ^presumably owing to the presence of free mercury in 
a finely divided state. J. G. F. Druce ^ said that hydrochloric acid is first produced 
in the reaction and then neutralized. According to the routine process employtid 
in qmilitative analysis, when separating a mixture of mercurous and silver chlorides, 
the mercurous chloride is turned black on the addition of aq. ammonia ; the blat'k 
substance was formerly considered to be difnercuroatnmmiutn Monde ; later, the 
black precipitate was thought to be a dimercuric amidochlonde formed by the 
reaction : 


Hg-a 

Hg^Cl 


f2NH,- 


Hg~CI 

Hg-NH, 


tNH4CJ 


and later still, a mixture of finely divided mercury, and mercuric chloroaniide. The 
evidence is as follows : If a thin layer of the black precipitat<‘ be sprt'ad on glass 
and dried, it will lose weight in the course of a few days, and assume a greyish- 
white colour. The loss in weight is explained on the assumption that the blac*k 
substance is a mixture of free mercury and mercuric chloroamide, -Hg— NIIj, 
and that the mercury volatilizes leaving behind the Cl - Hg— NH 2 . The reaction is 
therefore symbolized ; 2HgCl4-2NH3-»Hg-f-Cl.Hg.NH2. One proof that the black 
precipitate contains metallic mercury turns on the fact that if mi*rcurous and silver 
chlorides be jointly precijiitated and allowed to stand for some time in contact with 
ammonia, some metallic silver is formed by the action of the free mercury : 
AgCl+Hg— Ag-f HgCl. Hence, in a qualitative analysis, “if silver lx* not found 
in the filtrate from the black precipitate, the latter should Imj examined for that 
metal.” Similarly, mercurous ammonia chloride, HgCl.NH 3 , said to be formed by 
the action of dry anunonia on solid mercurous chloride is really a mixture of mercury 
and a white precipitate, contaminated with ammonium chloride. J.G. F. Druce 
found the black solid does not ai)preciably amalgamate copper ; this would favour 
the assumption that free mercury is not present. 

The constitution of the mercuy nitiWen compounds.- Many h)qK)thes4 s have 
been suggested for the constitution of the mercury nitrogen compounds derived 
from ammonia, and therefore the constitutional formula' which have l>een assigned 
to them, as well as tluur names, are considered to be more or less arbitrary. These 
compounds are insoluble in ordinary solvents, and they are decomposed by heat 
Hence, their mol. wt. are a subject of conjecture rather than of demonstrated fact, 
and hypotheses about their constitution are proportionally vague. 

C. F. Rammelsberg's dummonium theory, — C. F. Itammelsberg (1839/ assumes the 
ammonia mercury compounds can be referred to ammonia by replacing its hydrogen 
atoms one by one. L. Pesci and P. C, Ray consider that all the mercury ammonia 
compounds can be referred to one primary type, dimercuriammonium, (HggN)', in 
which the four hydrogen atoms of ammonium are replaced by two atoms of bivalent 
mercury', and that the primary compounds have a great tendency to form double 
salts by union with ammonium or mercuric compounds. 

K, A. Hofmann and E. C. Marburg's substituted ammonium theory. — K, A. Hof- 
mann and E. C. Marburg (1899) and others assume that there are several primary 
types which can act as radicles, e.g . : 


[NH.(Hg,-)r [(N.H^Hg,-)]" [N(Hg/')tr 

XeroarUmmooiuffl. Mercaridlaminoiiiaiii. DltDercTtfUnuDoiiium. TriinercurldiammoiUuio. 


jR. J. Kane's sub^ituled ammonia theory. — R. J. Kane (1839) assumed that 
these compounds are either addition products or amine- or amido-derivati^es of 
ammonia. £. 0. Franklin (1907) rejects the ammonium theories, and extends 
Kane’s idea so as to include an interesting analogy between reactions involving 
ammonia and those involving water. There are ammonio-bssic salts and mizecl 
ammonio- and hydro-basic salts as well as additton compounds of ammonia, 
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does not low its water at 126 ® ; the water is Utft only when the mol. breaks down 
completely at 180 ®. This agrees better with the formula HgO(NH2)HgCl, or 
(HgOHljNHjCl for the chlor&e of Millon^s base, and with HgO(NHg2)HgOH or 
(Hg0H)2NH20H for Millon’s base itself. The ethylamine derivative of Millon’s 
base, HgOH.N(C2H5)HgCl, like the ethylamine derivative of fusible and infusible 
white precipitates, is cited as an argument in favour of the constitutional formuln 
HgOH.NH.HgCl. E. Weitz ( 1915 ) represents the relation between these three 
comjioundB as follows : 

{NH,),Hg(Jl, (NH,)Hga HKO(NH,)Hga 

FiWklhle precipitate. Infiuible precipitate. Chloride of HIHod’s baae. 

which implies hydrolytic actions with NH8.Hg(OH)Cl as an intermediate product. 
The hydrolysis of the infusible precipitate which furnishes mercuric oxide and 
ammonium chloride, proceeds NH2HgCl-f'H20T=iHg04-NH4Cl, and the mercuric 
oxide unit(!8 with a second mol. of NH2HgCl to form the chloride of Millon’s base. 
According to this view, Millon’s base is constituted HgO.(NH2)HgOH. 

When Millon’s base is boiled v^ith potash-lye, it loses a mol. of water to form the 
so-called first anhydride of MiUon'a base, a feebly explosive compound, represented 

as 2 H((O.NHj. or or, according to E. C. Franklin, HgOH.NH.Hg'OH. 

E. C. Franklin likens this reaction to the hydration of a metallic oxide to a hydroxide 
in virtue of the marked tendency of mercury to replace hydrogen in many of the 
derivatives of ammonia. Water reacts with calcium oxide to form calcium hydroxide, 
but anmionia, in the absence of water, reacts with mercuric oxide to form not 
H().HgNH2, but rather a derivative of this, viz. (HOHg)2NH, and this reacts with 
water, forming Millon’s base, (H0IIg)2NH20H. With Franklin's formula, the basic . 
properties of the first anhydride are refened to the characteristic, slightly basic, 
properties of mercuric hydroxide, and with K. A. Hofmann and E. C. Marburg’s 
formula, to the persistence of the properties of the contained ammonia. The 
former hypothesis agrees better with the characteristic tendency of halogens to 
unite with mercuric compounds. A second anhydride of Millon's hu^e is repreaimted 
by the empirical formula Hg2NOH, and Franklin’s graphic formula) for these 
compounds are : 


H()-Hg\ /H, 
H()— Hg/ NoH 

MIUoh’s Itase. 


HO-Hg\ 
HO-Hg/ "" 

First anhydride. 


HO-Hg\ 

Hg/" 

Second anhydride. 


This view is* in accord with the action of dil. acids on hydroxyl bases, converting 
them into basic salts, e.g. the chloride of Millon’s base HgOH — NH—HgCl ; while 
more cone, acids change them into neutral salts, e.g. HgCl — NH — HgCl, is made by 
the action of aq. ammonia on an excess of a boiling soln. of mercuric chloride. 

Salts o! Uillon’s base. — In addition to the chloride, various other salts of Millon’s 
baae have been prepared — bromide, iodide, fluoride, bromate, sulphate, nitrate, 
carbonate, cyanide, thiocyanate, etc. The action of ammonia on mercuric sulphate, 
of a soln. of ammonium sulphate on mercuric oxide or basic mercuric sulphate, or 
of dil. sulphuric acid on Millon’s base, furnishes a white powder which has been 
obtained in octahedral crystals. This compound is the sulphate of Millon’s base, 
and has been called ammonia turpeth ; it has the empirical formula Hg4N2H408, 
or graphically, HgOH.NH.HgSO4.HgNH.HgOH. It does not lose water when 
heated to 115 ®. When mercuric nitrate is dissolved in a boiling soln. of ammonium 
nitrate, the cooling soln. deposits needle-like crystals with®fche empirical formula 
Hg2N3Hj202.3NC)^,whichi8U8uaIlydis8ectedintoHg(N0^)2.2NH8.2H20.NH2HgN0^, 
and cabled Kane's sail because it was first prepared by R. J. Kane. Another 
nitrate called Mitscherlid^ s saU is supposed to have the composition NHgHgNO^. 
HOHgNH.HgNO^, and is prepared by treating a dil. barely acidtsoln. of mercuric 
nitrate with dil. aq. ammonia — not in excess. The nitrate of MiUon’s base, called 
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8 <nibeifan*$ sak, HgOH — NH— HgN(^, is prepared by the action of a slight excess 
of anunonia on a dil. soln. of mercuric nitrate ; by the action of boiling water on 
Mitscherlich’s salt, or of water on Kane’s salt, ^veral other nitrates have bc^en 
reported ; they can all be regarded as products of hydrolysis and auunoniolysis. 

fn view of the fact that the syKtematio naiae for tiieae compounds is dejieiidont. U|k>u 
the particular hypothesis employed as to ilteir oonsUtutioii, there U ao advant^^ in em- 
ploy mg such unsystematic arbitituy names as MiUon's ba^ fusible and infusible white 
precipitate, etc., for the names do not then change with a change m fasliion or mode of 
viewing their constitution. 

By the action of an excess of cone, anunonia on mercuric iodide, or the action 
of Nessler's reagent on ammonia, a brownish precipitate Ineitarihydroiyimidoiodide* 
HgOH — NH — I, is formed (Nessler’s reaction). When Millon's base is heated in a 
stream of ammonia, a dark brown explosive compound, Hg^NOH, or graphically 
HOHg — N=Hg, is formed by the loss of two mols. of water, and the anhydrous 
oxide, (Hg2N)20, has been made. A comjKiund with the empirical formula Nffgtl 
is precipitated when a soln. of potassamide is mixed with an excess of, say, mert'uric 
iodide dissolved in liquid ammonia. Its constitution is probably mercuric lodo* 
nitride, HgN— Hg—l, and not dimercuric ammonium iodide. It appears to b<‘ a 
relation of NH^.Hg.l obtained by replacing two atoms of hydrogen by bivabmt 
mercury. A similar mercuric bromouitride, NHg2Br, has been prepared. 

Hydrox}'lamine, NH2OH, and hydrazine, N2H4, form addition jirodurts with 
mercuric chloride. With water, the hydrazine compound splits off hyilrszine 
chloride, N2H4.HCI, and fonfis HgCl.NH.NH.HgCl, or (HgCl)2N2H2, in the same 
vway that fusible white precipitate splits off ammonium chloride and forms infusible 
white precipitate. A scries of mercuriphosphorus bases has been made by 
K. A. Aschan (1886), and of mercuriarsenic bases by A. Partbeil and K. Amort 
(1898) analogous with the mercuric nitrogen compounds. Tims, Hg-H- HgCI 
is analogous with Hg— P— HgCl ; and NH(HgCl)2 with iVsH(HgCl)2. 

A series of products has Ixjen obtained in which the hydrogtm of the hypo- 
thetical ammonium oxide, (NH4)20, is replaced by bivalent mercury', thus furnish- 
ing the n)ono- and tetra- hydrates of dimercuriaininoniuin oxide, (NHg2)20 H20, 
(NHg2)20.4H2() ; the anhydrous oxide and the di-, tri-, and penta hydrates are 
jirobably doubtful. There is also a dimercuriammonium monamminoxide, 
(NHg2)20.NH3. 

W. Weyl * claimed to have made anhydrous dimercUTUUnmomum OXUla, 
(NHg2)20, by the action of liquid ammouia on mercuric oxide contained in one leg 
of a sealed W-tube, silver chloride sat. with ammonia being warmed in the other 
leg ; and also by warming the trihydrate, and keeping the trihydrate over Hulj)hurift 
acid. H. Gaudechon claimed to have made it by the action of dry ammonia on the 
monohydrate between 100“ and 110“. W. Weyl thinks that the mercuric nitride 
prepared by C. H. Hirzel by the action of ammonia on precipitated mercuric oxide 
is this compound. K. A. Hofmann and E. C. Marburg could not get a product with 
less combined water than NHg20H by the action of ammonia on mercuric oxide at 
125“ for 3 hrs. E. C. Franklin represents this compound by the formula : Hg : N.Hg.O. 
Hg.N : Hg, but he doubts if it has yet been prepared. According to H. Gaudechon, 
the heat of formation from the elements is --75*3 to 76’6 (.’als., and the heat of 
neutralization of the solid with hydrochloric acid is (NHg2)20-i-2HCl~(NHg20l)2 
H20-f 52 9 Cals, The compound is not soluble in liquid ammonia. It explodes 
violently by heat, percussion, or friction. It explodes when warmed in hydrogen ; 
it hydrates rapidly in humid air free from carbon dioxide ; it absorbs carl>on dioxide 
very slowly, forming a crust of carbonate ; it is completely decomj)osed by water 
at 100° into mercuric oxide and ammonia ; likewise also the dissolution of potassium 
chloride or hydroxide ; hydrogen chloride rapidly sets on the diy compoutid that is 
formed, and mercuric and ammonium chlorides are formed. According to W . Weyl, 
hydrochloric or nitric acid dissolves it without residue, but, acc^irding to H. Gaum- 
chon, it is not completely soluble in hydrochloric acid since some mercurous chloride 
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is formed. W. Weyl found that it is dissolved by a soln. of potassium cyanide 
at 130". 

W. Weyl prepared monohydrated dimercuriammomum oxi^ (NHg2)20.H20, 
or NHg20H, by dehydrating the trihydrate in a stream of ammonia ; K. A. Hofmann 
and E. C. Marburg, by heating Millon’s base {vide infra) to 125" in a stream of 
ammonia, or by lieating dry yellow mercuric oxide to 120" in ammonia ; H. Gaude- 
chon, by heating the tetrahydrate under diminished pressure in the presence of 
barium oxide, or by heating the tetrahydrate to 40" or 50" in a stream of dry am- 
monia. C. F. Rammelsberg kept dimercuric hemiammoniodioxide, 2HgO.NH3, or 
NHg30H.H20, over quicklime. PI. C, Franklin represented its constitution by the 
formula Hg : N.Hg.OH ; W. Weyl, by (NHg2)20.3H20 ; H. Fiirth, by 0 : Hgj : 
NII.H2O ; and K. A. Hofmann and E. C. Marburg, by HO.N : Hg2.H20. The 
last-named gave 8 52 for the sp. gr. H. Gaudechon gave for the heat of formation 
(NHg2)20 l-H20Boiid=(NHg2)20 H20-f 16 Cals. K. A. Hofmann and E. C. Marburg 
found that this compound can be preserved in closed vessels ; but all observers 
agree that the cornjiound is explosive ; and W. Weyl said that the brown flocculent 
powder is less stalile than tlie tribydrate ; H. Gaudechon, that it is stable in air up 
to 20", and at 50" no ammonia is lost. C. F. Rammelsberg found that ammonia 
is not lost either over sulphuric acid or over phosphorus pentoxide, although about 
4 01 per cent, of water is given off, and that it probably forms at a higher temp., 
(NHg2)20, and mercuric oxide and mercuric nitride, when heated still more. 
W. Weyl stati'd that under wati'r it forms the trihydrate ; and H. Gaudechon, 
that in water vapour free from carbon dioxide at 10" or 20" and about 10 mm. 
press., it gradually absorbs water, forming the tetrahydrate. K. A. Hofmann and 
E. C. Marburg stated that the compound gradually absorbs moisture from the air, 
and becomes non-explosive. W. Weyl found that it is easily soluble in hydro- 
(ihloric acid ; K. A. Hofmann and E. C. Marburg, that while it is soluble in dil. 
hydrochloric acid, a cone. soln. of hydrogen chloride in ether does not attack it, for 
the group NHg20H does not seem to be able to unite with acid radicles. H. Gaude- 
chou found liquid ammonia converts it slowly into garnct-red dyimercunammonium 
amminozide, (NHg2)20.NH3, when the excess of ammonia is removed at -21". 
It is stable at —21" under a press, of 750 mm. of mercury. 

The Bo-oalled dihydrated ditturcuriammoniutn oride, (NlIgj),0.2H,(), was n'ported by 
N. A. E. Millon as u product of the dehydration of the tetrahydrate ; an«i ho athJed that the 
brown inatw could bo heated without explosion; that it is insoluble in water or alcohol; 
that it is scarcely attacked by boiling cono, potassium hydroxide, but is docomposed 
by tho molten hydroxide into nitrogen, mercury, and mercuric oxide ; that with a 
hot Holn, of anunoniuin nitrate chloride, sulphate, acetate, or oxalate, ammonia is 
ovolvi?d ; luid'that water dwomposos it into a green compound. K. 0. Franklin and 
H. (lauilechon behove that N. A. E. Millon was mistaken in assuming that his jiroduot 
is tho dihydrate in question, and 11. (Jaudechon also said that it is very luiiikely that 
irihydrvUed dimfircuHanwwnvitn oxiilo, (NHg),0.3H,0, exists, although (\ F. Kammelsberg 

S [avo it the formula NHg.NOHJlgOU, which E. C. Franklin believes is improbable ; 
C. A. Hofmann and E. C. Marburg give 0 : Hgj : N • H,(OH) ; and H. Fiirth, 
HO.Hg.O.Hg.NHj. N. A. E. Millon and C. H. Jlii-zol obtained what they regarded os the 
trihydrate by drying the higher hydrate over sulphuric acid ; K. A. Hofmann and E. C. Mar- 
burg, by drying Millon *s biwe, protected from light, in an atm. of ammonia, over potassium 
hydroxide ; C. F. Rammolsbi'rg, by drying the hydrate, (NHg,),0.4|H,0, over potassium 
hydroxide, calcium oxide, sulphuric acid, or phosphorus pentoxide, and also by the action 
of dry ammonia on yellow luercurio oxide; and W. Weyl, by shaking mercuric oxide for 
some hours with alcoholic ammonia, and drying it in air at ordinary temp., or by saturating 
yellow raerourio oxide with ammonia at ordinary temp., grinding the product, and again 
saturating with ammonia. If the press, of tho ammonia lie 2^ atm. tho action proceeds 
mucli more quickly. Tho general Miaviour of the brown product's very much like that 
of the higher hydrate. 

H. Gtfrreshoim prepared tetrahydrated dimercaiiammoniaiii ozide, (NHg2)20. 
4H2O, by allowing freshly precipitated mercuric oxide, free from alkali, to stand 
for several days at 40"-&)" in aq. ammonia, free from carbon dioxide. The aq. 
ammonia is decanted off, and the product is washed first with alcohol, then with 
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ether, and rapidly dried. H. Gauderhon used a somewhat similar process, and ho 
also exposed monohydrate to wat<‘r vapour as previously indicated ; he ohtaindHl 
gretmish-yellow crystals, and gave for the heat of formation 4HgO f 2NUaA,,. 
*fH.^0=(NHg2)20.4H20-f 14'4 Cals. According H. Gerresheim, the yellow 
|>owder becomes superficially grey when eX])os(^d to light for stune time. It crackles 
continuously when rubbed in a mortar; when exjK)8t‘d to diyair, or when lieatt'd to 
5U“-60°, it becomes browm and loses wat^r ; when heatod to a higher temp, it 
decomposes- explosively if the rise of temp, be rapid. H. Gaudechon found that 
this compound becomes brown in vacuo over phosj^horua pentoxide, and forms the 
monohydrate- -some nitrogen is also given of! ; ho added that the tetra hydrate* is 
stable only in the presence of water vapour and amnumia. H. Gerresheim found 
the tetrahydrate to be slightly soluble in water, a litn* of water at 17 ‘ dissolving 
0 077 grm. of the tetrahydrate, and at titr, 0*588 gnu. Mmute crystals are obtained 
on cooling the sat. soln. 

The ti-trahydrate was found by H. Gaudechon to be stable m water free from 
carbon dioxide, but at lOO'" it is gradually decompost‘d with the format ion of mercuric, 
oxide - and this in ])latinum vessels so that it is not an elfect of alkali in the glass ; 
if carbon dioxide he present, mercuric carbonate is fornn'd, and a skin of the 
carbonate proU;cts the tetrahydrate from the action of the w'ak'r. Tin' reaction is 
thought to be reversible : (NHg2)20.4H2CH=^i41Ig0-f2NH2 { ILO, since on cooling, 
the ammonia left in soln. slowly recombines with the mercuric oxide. Litpiid 
ammonia reacts with the kdrahydrate, forming in the course of a few days a garnet- 
red compound — possibly {Nl{g)20.NH3, ndr su'pra. According to II. Gaudechon 
and H. Gerresheim, a soln. of potassium hydroxide* does not act on the tetrahydrate, 
and when it decomposes in a boiling soln. of this alkali, the decomposition is thermal 
not chemical. The lattt*r obtained a brown explosive pnaluet by I'vajiorating the 
tetrahydrate with a soln. of potassium hydroxide, and he added that nitric acid 
converts it into a white insoluble salt ; hydrochloric acid gives a white chloride 
soluble in excess of the acid ; dil. suljihuric acid forms an insolubh* suljdinte ; com*, 
sulphuric acid colours it brown ; and acetic, acid yields a soluble acetal*. The suljihate! 
aud nitrate are not pr(‘ci])itat(*d from the soln. of the 8alt,’and it is thought that in 
tliese salts the arrangement of the atoms is different from that in the original, hneause 
of th(! difference in their hehavionr towards hydroch!oro[datiiiie acid. With soln. 
of various salts, the U-trahydrate seems to unite with the aeid radicle without t he 
base passing into soln., and if an excess of the salt is jiresent, the base dissolves if a 
soluble double salt is formed- e.g. most ammonium salts or it dissolves with de- 
composition — e.g. potassium iodide, cyanide, or ferrocyanide, or soiliiim sulphide - 
or it remains undissolved — e.g. most salts. H. Gerresheim also studrd the action* 
of ethyl bromide and iodide, which form the iodide of the base ; chloroform, which 
forms a gas, the chloride, and the formate of the base ; and carbon disulphide, which 
forms the thiocarbonate of the base. 

C. I*'. Kammolsboig obt«ine<I a hygrow'opin pnlc yHlow powdor l)y the action of oq. 
ammonia on inorcnric oxide; its composition was lietwcxm 2HgO.NMs.H,() and 
2Hg().NH,. or hemiennahydrated dvnercuriamnwmum oxvh, (NItg|)2().4Ut ^ ho 

general projxTlies resemble those of the other hydrates. L. J. I’roust, and J*. J’buitamoiir 
prepared what haa boon regarded as peniahgdrated ditnercunafntnonium ortde, (NHg ,) ,0. 6H ,t), 
by digesting mercuric oxide with a warm aq, wiln, of ammonia free from carlwnale, 
U. J. Kane, C. H. Hirxel, and N. A. E. Millon atudiod the reaction. The laut-nam^nl also 
obtained the pentahydrate by wanning diraexeurianimoniiun salts with dkali hydroxidi^ ; 
and H. Fiirth, by precipitating mercunc acetamide with aq. ammonia. 'J'ho latter repnv 
sented the constitution of the salt by HOHg.O.Hg.NH,OH ; K. A. Hofmann and E. C. Mar- 
burg, as (HgOH),NHl)H, not as NHg,0H.2ll,(> ; E. C. Franklin, os a mixed hydro* 
ommonio-base, 2HgO.NH,.H,(>, or Hg(0H),.Hg(NH,)0H.3Hg(011),.Hg(NH,),; and later, 
as HO.Hg.NH.Hg.OH.HjO. H. Gaudechon said that if this compound exists at all, it is 
unstable at 0°, since the tetrahydrate does not take up an appreciable amount*of water, 
if kept 8 days at 0° in an atm. sat. with water viqwur. According to J. L. Proust, 
P. Plantamour, R. J. Kane, and N. A. E. MUlon, the pale yellow jHiwder docomnoses on 
exriosure to light ; it decrepitates without explosion wlien rubbed in a mortar, but at a 
dull red heat, it explodes not so vigorously as fulminating gold. When confined over 
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•ulphurio acid C. H. Hirael found that it Jott nearly the eq. of 2H,0, and N. A. E. Hillon, 
that it lost at 130*^ nearly the eq, of SHgO, and that the prMuot obtained with yellow mer- 
ouiio oxide losee its water more readily than that prepare from the red oxide. K. A. Hof- 
mann and £. C. Marburg found that it loaes the eq. of H^O over potassium hydroxide, and 
thereby becomes less stable and loses ammonia ; al^lute alcohol was also found to abstmot 
water, fonni^ a brovm substance, which becomes yellow and then gradually deoompoMs 
into mercuric oxide, water, and ammonia. £. C. PVanklin represents the dehydration 
changes; (HgOH.) : NH.H,0-^gOH.NH.HgOH->HgOH.N : Hg. R. J. Kane found 
that when heattHi it decomposes into ammonia, nitrogen, mercuric oxide, and water 
vapour. N. A. E. Millon and G. C. Wittstoin said that the pentahydrate is insoluble in 
water or alcohol ; and that aq. ammonia dissolves only traces ; the former found that a 
cold soln. of potassium hydroxide does not attack the pentahydrate, but with a boiling 
soln. incomplete decomposition occurs, and ammonia is evolved ; it attracts moisture from 
the air ; it forms salt-luce products with acids ; and behaves like the dihydrate with soln. 
of ammonium salts. 1*. Plantamour obtained a brownish powder by the action of dry 
ammonia at 160^ 

Thu so-called Millon'a hose is an ammonio-hydroxy-base, diffldToniihydloxy- 
ammonium hydroxide* (Hg0H)2.NU20H, or HgOH.NH.HgOH.H 2 O. According 
to E. C. Franklin, the simplest ammonio-hydroxy-base is NH 2 .Hg.OH intermediate 
between HO.Hg.OH, and NH 2 .Hg.NH 2 , but it has not yet been isolated; Millon’s 
base may be regardi^d as being formed from this hypothetical base by the loss of 
anunonia : 2(NH2.Hg.OH)=HgOH.NH.HgOH-fNH3. The product of the action 
of aq. ammonia on mercuric oxide contains one or one-and-a-half mol. of water. 
H. Gerresheim obtained yellow crystals of the base by keeping mercuric oxide and 
aq. ammonia in a pealed vessel for six months. K. A: Hofmann and E. C. Marburg 
digested for 12 hours, in darkness mercuric oxide, precijiitated at 70°, with an aq. 
soln. 0! ammonia, free from carbon dioxide ; the product was dried by suction and 
washing with absolute alcohol and ether, H. Gaudechon always found Millon’s 
base to be contaminated with a little carbonate. H. Endernann and G. A. Prochaza 
rocoinraended washing out the hydrochloric acid, sulphuric acid, carbon dioxide, 
and silica by a soln. of normal sodium carbonate. When Millon’s base is dried in 
vacuo over sulphuric acid, there remaitis a dark brown non-explosive product 
assumed to have the composition NHg 302 H, but which is probably a mixture. 
The geniiral properties of Millon s base were shown by E. C. Franklin to be such as 
might have been anticipated by his views of its constitution. K. A. Hofmann 
and E. C. Marburg gave 4 083 for the sp. gr. at 18°. The salts of Millon’s base are 
slowly decomposed when heated with potassium hydroxide, and they are scarcely 
soluble in 10 per cent, nitric, sulphuric, or acetic acid, and H. Gerresheim was 
able to crystallize salts of MiLlon’s base from acetic acid soln. F. L. Sonnenschein, 
♦And E. Enss showed that ethyl iodide reacts with the salts of Millon’s base, forming 
primary amines. 
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§ 9. Hercnroiu Flaoride 

Mercury forma two fluoridca— mercuroua fluoride, HgF ; and inereuric fluoride, 
HgF 2 . J. L. Gay Luaaac aud L. J. Th6nard i reported iu 1811 that hydrofluoric 
acid does not react with mercury at any temp. ; and J. J. Ut‘rzelius said that if 
hydrofluoric acid be added to a soln. of mercurous nitrate, no signs of precipitation 
occur, and when the soln, is evaporated, the hydrofluoric acid volatilizes leaving the 
original nitrate as a residue. H. Moissan found that mercury absorbs fluorim* at 
ordinary temp., forming pale yellow mercurous fluoride ; he also said that the wime 
salt is formed by the action of fluorine on moderat<‘ly heaU*d mc'rcuric oxide, hut 
no evidence was advanced as to the purity of the product. J. J. Berzelius ohtiiined 
mercurous fluoride by double, decomposition by heating an intimate mixturt* of 
mercurous chloride and sodium fluoride in a matrass ; the sublimate of mercurous 
fluoride must have been contaminated with chloride. J. J. Berzelius did not 
succeed in making mercurous fluoride by heating mercuric fluoride with mercur)\ 
R. Finkener prepared mercurous fluoride by adding frt'shly preeipitati*d mercurous 
chloride to an excess of a soln. of silver fluoride: AgFd*HgCl=AgCl-f HgF, and 
on evaporating the clear liquid, small yellow crystals of mercurous fluoride appeared ; 
he also prepared the same salt more readily by the action of hydrofluorh* acid on 
recently precipitated mercurous carbonate. Hydrofluoric acid attacks mercurous 
oxide very slowly. 

Mercurous fluoride forms pale yellow crystals — possibly cubic — which are 
stable in dry air and which can be heated to about 260^" without change, but at 
higher temp, the salt sublimes, and the glass containing vessel is simultaneously 
etched. H. Moissan says that when heated in glass vessels, mercury and silicon 
tetrafluoride are formed. If exposed to humid air, or to light, the crystals are 
blackened. According to R. Finkener, the salt is partially decomposed by water ^ 
into mercurous oxide and hydrofluoric acid, and part seems to dissolve fia mercuroua * 
fluoride. J. J. Berzelius probably made an impure mercurous fluoride, for he 
stated the salt is white and insoluble in water. Mercurous fluoride dissolves in 
nitric acid, and the salt is precipitated from its soln, in dil. hydrofluoric acid by 
“ salting ” with potassium fluoride ; the precipitate retains some acid potassium 
fluoride, KHF 2 , very tenaciously, and this salt can be removed only by prolonged 
washing. Mercurous fluoride is blackened by ammonia gas, forming wliat 
R. Finkener thought to be mercorons ammino-flaorid^ HgF.NHg, which gives off 
ammonia at 100®. The addition of potassium hydroxide to a soln. of mercuroua 
fluoride in hydrofluoric acid precipitates a black-coloured oxide. Mercurous fluoride 
gradually absorbs dry ammonia gas — ^the absorjition of 7 ’63 per cent, occupied two 
days. The product is black. Aqua ammonia also gives a black precipitate which 
becomes grey on standing some time. The black precipitate is probably a mixture 
of mercuric oxide ana mercui^, and not as was once supposed mercurous 
fiwtride, HgF.NH 2 , for as R. Finkener showed : (i) nitric acid devel^s nitric oxide 
and forms mercurous nitoate, leaving white mercuric oxide as a residue, and if d^ 
mercurous fluoride be vigorously agitated with aqua ammonia, dil. nitric acid 
removes abont half of the employed mercury ; (ii) if ammonia be added to a dil. 
soln. of mercuroas fluoride in hydrofluoric acid, but not to neutralize completely 
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the acid, the filtered liquid furnishes mercuric oxide, and the precipitate when 
dried in darkness at ordinary temp, contains metallic mercury. E. Bohm obtained 
colourless, prismatic monocliniccrystalsof merciUOUS hydrofluoridetHgF. 2 HF. 2 H 2 O, 
with axial ratios a:h: c=0‘5673 : 1 : 1060, and j3=105° 10', by dissolving freshly 
precipitated and well-washed mercuric oxide in hot cone, hydrofluoric acid, and 
evaporating the filtrate in vacuo over sulphuric acid. The crystals are fairly stable 
in (fry hydrofluoric acid, and less stable over sulphuric acid in vacuo. When heated 
to redness, mercurous fluoride decomposes without melting, forming mercuric oxide 
and hydrogen fluoride. The crystals are hygroscopic in moist air ; and they 
become whik and opaque. The salt is soluble in water and dilute acids ; the aq. 
soln. is blackened by alkali-lye ; and, according to J. Philippi, it gives a white 
precipitate of mercuric thiocyanate*, Hg(SCy) 2 , with potassium thiocyanate. 
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§ 10. Mercuric Fluoride 

J. L. Gay Lussac and L. J. Thenard, ^ and J. J. Berzelius prepared a pale orange- 
yellow powder by the action of hydrofluoric acid on mercuric oxide. The powder 
dissolves in water, forming a colourless soln. which, on evajioration, furnishes dark 
yellow prisms which were thought to be crystals of mercuric fluoride. E. Fremy 
also obtained colourless necdle-like crystals of a hydrated mercuric fluoride from 
the soln. obtained by the action of cone, hydrofluoric acid on mercury. In all 
these cases, K. Finkeiier believed that not mercuric fluoride, but rather mercurio 
OX3rfluoride, Hg0.HgF2 H20, or Hg(On)F, is formed. This compound does not 
* change at 1(50'", but at a higher U'lup, the product darkens and gives off moisture 
and hydrofluoric acid which attacks glass ; the compound finally melts and furnishes 
mercury. The oxytluoridc resembles mercurous fluoride in its action on water ; 
it is soluble in dil. nitric acid. 

According to 0. Rulf and G. Bahlau, if mercurous fluoride or mercuric chloro- 
fluoride — etdc infra— he heated in chlorine, to 275^^, mercuric chloride sublimes, 
and anhydrous mercuric fluoride remains. Similarly, if mercurous fluoride or 
mercuric bromofluoride be heaU*d in a stream of bromine at 400'', mercuric bromide 
sublimes and anhydrous mercuric fluoride remains, but in this case a loss of 
mercurio fluoride by sublimation occurs. If mercurous fluoride be heated at 450° 
and 10 mm. press., transparent octahedral crystals of anhydrous mercuric fluoride 
are formed. 

According to K. Finkener, dibydrated mercuric fluoride, HgF2.2H20, can be 
made by the action of a large excess of 50 per cent. hydrofluoAc acid on dry mercuric 
oxide. The product is a white solid contaminated with a little mercuric oxide. 
It is sofhble in dil. nitric acid. When the solid is dehydrated it loses hydrofluoric 
acid, and either a mixture of mercuric oxide and mercuric fluoride or oxyfluoride, 
is formed. This salt is not altered by exposure to dry air or to light. Mercuric 
fluoride is largely hydrolyzed in aq. soln. : HgF2+H2OFiHg0-i-H2F2. A. Jager 
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and A. J. Cox found the Bolubilitjes of mercuric oxide in hydrofluoric acid of different 
cone, to be : 


Table IX.—Hydrolysis or Mkrccrio Fllorjdil 


C 

h»Uu (oimd . 

C^Uculat^Hl 


012 

001268 

0 00 

0-21 

0-24 

00247 

0 12 

0-20 

0-57 

0 0029 

0 286 

0 22 

Ml 

01168 

0-665 

0-21 

M4 

0 1197 

0-608 

021 

217 

j 0-2580 

1 0 186 

0 24 


The calculat<*d value is based on the assumption that HjjO is eq. to ILFo. A. Jager 
found the solubility of mereurie oxi<le in hydrotluorie arid to be lowered in the 
presence of ])ota8aium fluoride, owing to the de(!reu8e in the (■t)ne. of the acid by the 
formation of KHF 2 . R. Abegg and A. J, Cox esti- 
mate the ionization constant of mercuric fluoride* : 

HgF 2 ~Hg ‘ -I-F 2 '', to he about 260 times as great 
as the unknown ionization constant of hydrofluoric 
acid: H 2 F 2 " 2 H-fF 2 ". 

A. J. Cox found that in the system : mercuric 
oxide, hydrofluoric acid, and water, as the cone, of 
the acid diminishes, the com])OHition of the soln. 
remains constant, while the composition of the pr**- 
cipitaU' vari(‘8. Under these conditions, two solid 
phase's are ]iresoni--a mixture of mercuric oxide 
and fluoride-- but the analyses give no indication of 
the presence of a basic mercuric fluoride. At 2')' 
th*’ minimum cone, of the hydrofluoric acid neces- 
sary for the existence of mercuric fluoride in soln. is 
I'MA'-HF, This shows that Cjuite apart from the 
cone, of the acid, the yield of salt is only 0 22 of 
the theoretical, consequently, about 78 per cent, of 
the salt is hydrolyzed. This illustrates the difticulty, 
nay the impossibility — as C. Foulenc expresses it— 
of [) reparing anhydrous mercuric fluoride in the* w<>t 
way. 

0. RufI and 0. Bahian's anhydrous mercuric 
fluoride forms transparent octahedral crystals of 
sp. gr. 8 95 (If)'); m.p. 645"; and boili^ POint 650' (estimated). Attempts 
to determine the vapoUT tension at various temp, did not yield satisfa(;tory 
results, since the vessels are attacked by the vapours. The substance is very 
sensitive to moisture and becomes discoloured by traci'S of water vapour, which 
are not analjiiically demonstrable ; on exposure to air, hydrogen fluoride is 
evolved, and mercuric oxyfluoride and, ultimately, mercuric oxide remain. With 
small quantities of water, a white, hydrated oxyfluoride, Hg 3 F 4 (C)H) 2 , SHgO, is 
formed, whilst with targer quantities, mercuric oxide is gradually produced. 
Mercuric fluoride dissolves in 40 per cent, hydrofluoric acid soln., and, on cautious 
evaj)oration, R. Finkener’s dihydrated fluoride, HgF 2 , 2112^^* obtained iA smaU, 
colourless crystals. The vapours of mercuric fluoride attack platinuni above 500^ ; 
nuxtures of the fluoride with silver, CA>pper, lead, aluminium, magnesium, ainc, tin, 
chromium, iron, or arsenic react vigorously when strongly heated locally, yielding 
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amtlgaing and metallic fluoridea, the latter being^eaaily obtained in a ^h degree 
of purity, if an excess of mercuric fluoride is used. Sulphur tetrafluoride appears 
to be formed when mercuric fluoride is heated with sulphur, but no reaction occurs 
with amorphous or graphitic carbon. The fluorine does not appear to be replaced 
when mercuric fluoride is heated in a stream of chlorine or bromine. However, if 
dry chlorine be passed over ^ercurous fluoride at 120°, 0. Ruff and G. Bahlau said 
that pale yellow mercorio fluochloride, HgClF, is formed ; and with bromine at 
105° pale yellow mercorio floohromide, HgFBr. H. Moissan made the former 
ooi^ound by passing a current of dry chlorine over the product obtained by heatii^- 
B, Fr^my’s HgF2.2H20 to 350°, and drying by contact with anhydrous hydrofluoric 
acid. 

B. B6hm prepared the fluorine analogue of infusible white precipitate {q.v.) 
with the composition HgF.NH.^, and which E. C. Franklin called metcurio fluoro- 
amidOt NH 2 — Hg — F, or Hg(NH 2 )F, by mixing 200 grms. of cone, hydrofluoric 
acid with an excess of yellow mercuric oxide, and adding an excess of ammonia to 
the filtered soln. A pale yellow amorphous powder separated when alcohol was 
added. This was washed with alcohol and ether, and dried over sulphuric acid 
in vacuo in darkness. When exj)osed to light the surface of the powder is coloured 
grey, owing to the separation of mercury ; it is insoluble in water, and in nitric 
and sulphuric acids, but is readily soluble in dil. hydrochloric acid. When heated 
in a tube, it sublimes with partial decomposition. 

R. Finkener reported the formation of a white pulverulent compound, 
NHg 2 F.HF.H 2 O, by the addition of a small excess ‘of ammonia to a soln. of mer- 
curic fluoride in hydrofluoric acid; on standing in the cold a white gelatinous mass 
separates gradually—rapidly when heated-— it can be washed without decomposi- 
tion, and dried over sulphuric acid. On the ammonium theory, the compound is 
called oxydiniercun-ammoniutn Jluoride, and represented NH 2 (Hg.O.Hg)F.HF, while 
in E. C. Franklin’s nomenclature it is mercuric difluoroa^e, (HgF)2NH.H20. 
According to R. Finkener, when heated with lead oxide in a glass tube to about 
2(X)°, this compound decomposes: flPbO+flfNHgvF.HF.HoOl-CPbFa+^HgO 
+3Hg-f3H20-f4NH8d-N2. 
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§ 11. Mercurous Chloride 

Mercury forms two chlorides, calomel or mercurous chloride, HgCl, and corrosive 
sublimate or mercuric chloride, HgCl 2 . Both appear to have been known under 
various names for quite a long time, although the discoverer of either is unknown. 
A. M. Rhases mentioned corrosive sublimate m the tenth century, and E. S. Avicenna 
in the eleventh century. Wo are also told that it was known to the Chineee. 
H. Eopp, in his Qeschiohie der Chemk (Braunschweig, 1€47), has reviewed the 
history of the mercury chlorides. In the thirteenth-century works of the Latin 
Geber,*Z>e invetUione veritatis, and of Albertus Magnus, Compositum de compoMfis, 
there are descriptions of a method of preparing album suhlimatum, by subliination 
in an aludel, from an intimate mixture of mercury, rock alum, common salt, and 
saltpetre. The — ^presumably — sixteenth- or seventeenth-century works of Baad 
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Valentine have also much to say on the preparation o( mercurttM auhlimaiut, and 
at that time it appears to have been an article of oommeroe. Since mercurous 
chloride is formed if mercury be in excess, the older preparations must frequently " 
have been mixtures of both mercury chlorides, and the term was for some time 
applied to these two salts. The corrosive properties of mercuric chloride led to its 
being called draco, mors mHaUomm, or nuiUcus mdaUorum on aci'ount of its destroying, 

“ deadening,*' or “ sickening,*’ the metallic lustre of many metals ; it was also 
called mercurous suHimatus oorrosivus, or simply ooirostiv sublimate. The old 
synonyms for the two mercury chlorides have Wn tabulated in G. F. Hildebrandt’s 
Chemiache und mineralogische GeschicMe des (^ecksilbers (Braunschweig, 1793). 

Basil Valentine i mentions the preparation of mercMriuj* sublimatus by sublima' 
tion from a mixture of vitriol, common salt, and mercury, and he says that during 
the operation, the spirit of salt (hydrochloric acid) uuit<‘s with the mercury. 

N. Lemery described its preparation from mercury nitrate, common salt, and * 
calcined vitriol ; and 0. Tachen (1666) gave a minute description of the nrocess 
employed in Venice and in Amsterdam for the prt‘paration of (‘orrosive sublimate. 

J. Kmickel (1716) and G. F. Boulduc (1730) prepart'd the salt by sublimation from 
a mixture of mercury sulphatt* and common salt. A. 0. Monnet (1771) made it in 
the wet way by mixing common salt with a soln. of a mercuric salt, or by cooling a 
hot soln. of mercury in a mixture of nitric and hydrochloric acids. Indet‘d, T. Berg« 
man (1781) enumeraUHl fourteen methods of preparing this salt. J. Beguin said 
that corrosive sublimate sublimes more rapidly and the product is denser if some 
arsenic be present, C. Glaser»(1663), 11. Boyle (1661), and N. Ixunery (1675) also 
refer to the adulteration of corrosive sublimate with arsenic. 

Mercurous chloride was used medicinally in the sixteenth century. It was 
sometimes designated 'panchynuicJtoffum Querodani, j^inchyttuichoffum minerale, 
panacea rnercurialis, pamtcea cwleMis, etc. A. Libavius (1597) called it aquila 
alba, and J. Beguin (16()8) and 0. (Jroll (1609) called it draco miligatus, or manna 
meidlonm; F. Sylvius dc la Boo (1671), mercurius dulcis ; and N. Lemery (1675), 
sublime doux. From this it would a])pear as if the early impure preparations had 
a sweet taste, although the compound itself is tasteless. The term caTomci™ from 
KoXik, good ; and filki, sweet, in refe^•nce to its name mercurius dulcis ; or from 
KoXik, good ; fwAa«, black -possibly refers to the blackening which this salt suffers 
when’ treated with an alkali ; to its uw as a good remedy for black bile ; or to the 
general regard for black mercury sulphide to which the name calomel was first 
applied. 

0. Croll (1609), near the beginning of the seventeenth century, sjioke of the 
secrecy and my8t<*ry of the process of preparing this salt, and J. l^eguin (1608)* 
referred to its preparation from mercurius sublinuitus, mercury, and red oxide of 
iron. J. le Mort (1696) first mentioned its preparation from mercury, salt, and 
calcined vitriol, without mercurius sublinuUfis ; and J. Zwelfer (1652) mentioned 
the purification of this salt by washing out the corrosive sublimate with water. 
In the fourteenth century, J. do Roquctaillade first described the preparation of 
calomel in the wet way as a precipitate by adding sal ammoniac to a soln. of mercury 
in nitric acid— the calomel was afterwards purified by sublimation— and N. Lemery 
(1675) used salt, or hydrochloric acid, and called the product le predpiU blanc ; 
H. Boerhaave (1732), mercurius preciviUUus albus; and J. Kunckel (1716), lac 
mercurii. C. Neumann (1740) stated that the precipitate obtained in this way is 
the same as mercurius dulcis prepared by sublimation, and C. W. Scheele (1778) 
confirmed C. Neumann’s hypothesis. This method of preparation is •ometimaa 
called Scheele’s procew. N. Lemery (1675) and J. C. Barchusen (1703) belmved 
that the difference in the two mercury chlorides is due to the corrosive subUm«te 
having united with more acid than is the cawi with caloraej ; and later, after the 
discovery of chlorine, the difference in the composition of the two salts was made 
dear. R. Chenevix first analysed the two chlorides in 1802. 

In 1776, P. Woulfe * discovered at Zweibrucken (Rhine Palatinate) a mineral, 
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horn mercury or horn quichilver, to which M. Sajje applied the term mine de mercure 
oornie, and concerning which J. B. L. Rome de Tlsle said : “ Mine de mercure 
oornee volatile, or mercure doux natif, is mercury aolidified and mineralized by muriatic 
acid ... it appears to have been sublimed on the walls of the cavities in certain 
mines.” At first, P. Woulfe, and R. Kirwan thought that horn mercury contains 
some 8ulphat<i, but R. J. Haiiy regarded it as /e muriate de mercure des chimistee. 
Horn mercury was shown by J. L, Proust, L. Gmelin, and C. F. Rammelsberg to 
be identical with mercurous chloride. The mineral is comparatively rare ; it 
occurs in translucent ktragonal crystals as a secondary mineral. Specimens have 
been reported from the Palatinate, Liineberg, and Giftberg (Germany) ; Idria 
(Carniola) ; Avala (Serbia) ; Almaden (Spain) ; Montpellier (France) ; El Doctor 
(Mexico) ; Terlingua (Texas) ; Sarawak (Ihirneo), etc. 

The preparation ol mercnrous chloride. — 1. By the action of chlorine or 
hydrogen chloride on mercury. ~~li. Cowper*'^ found that chlorine attacks mercury 
energetically no mattijr whether the gas lie moist or thoroughly dried, although 
W. A. Shenstone and (1. R. Beck found the action is much slower when the gas is 
highly purified, and dry mercury burns with an orange flame when heated in 
chlorine gas, forming a mixture of mercury (ihlorides ; at ordinary temp., 
C. E. Schafhiiutl, and I. Bhaduri found mercurous chloride is formed if the metal 
be in excess, and similar remarks apply to the action of chlorine water. M. Bcrthelot 
said that in the presence of air, hydrogen ghloridi; and mercury form mercurous 
(ihloride. also stated that hydrogen chloride does not attack mercury in the cold, 
but in the presimce of a little oxygen, mercurous chloride together with a little 
oxychloride are slowly formed ; the speed of the reaction is favoured by moisture 
and the presence of alkali chlorides. G. II. Bailey and G. J. FowIit said that the 
oxychloride Hg.2OCl2.II2O is formed in the reaction which ” proce(*ds in the dark 
as w(‘ll as when exposed to light, and indeed powerful sunlight seems, if anything, 
unfavourable to it.” M. Bcrthelot added that hydrogen chloride does not attack 
mercury at 2(Kr ; but if mercury be electrified in the presence of hydrogen chloride, 
hydrogim and mercurous chloride are formed. 

0. E. vSchafhautl, and P. Suss say that mercury slowly n'duccs an aij. soln. of 
ferric chloride, and rapidly if the soln. be acidified with hydrocliloric acid : 
Fe(fl3-f Hg--Ug(fl-l-FeCl2 ; and 0. E. Schafhautl studied the old process for pre- 
paring mercurous chloride by sublimation from an intimate mixture obtained by 
triturating mercury with sodium chloride, ferric sulphate or basic ferric sulphate 
and water, some ferric chloride is probably sublimed with the mercurous chloride : 
Ii'e2(S04)3 f C)NaCl-f'2Hg---3Na2S04 -|-2FeCl2+2HKl^l- P- D. Geiger recommended 
•making mercyirous chloride, by triturating two gram-atoms of mercury with two 
mols of sodium chloride, and one of manganese dioxide, and heating the mixture 
with two mols of sulphuric acid until the mercurous chloride sublimed : 2Hg-f 2NaCl 
-l-Mn02-f2S03"Na2S04-l-MnS()4-f-2HgCl. 0. Henry, and J. Raab sublimed a 
mixture of mercury, mercuric sulphati', and salt: HgS044- Hg-f 2NaCl~2Hg(fl 
-fNa2S04 ; or HgS04+Ug=Hg2S04 ; and Hg2S04+2NaCl=Na2S04+2HgCl. 

2. By the action of chloride.^ on tnercurous salts. — As shown by C. W. Scheele 
(1778), mercurous chloride is precipitated when an aq. soln. of a mercurous salt is 
treated with sodium chloride, and the precipitate washed with cold water. The 
mercurous chloride so obtained is a fine powder. J. A. Buchner, and L. Mailhe 
found that when mercurous nitrate is used, the precipitate is contaminated with 
basic mercurous and mercuric nitrates ; but not if the mercurous nitrate be very 
dil., and the sodium chloride be added in excess, and the liquid be warmed with 
the precipitate for some time. With the same object, N. G. Sifstrom, P. L. Geiger, 
and J. B. Trautwein recommended using a soln, of mercurous nitrate acidified with 
nitric acid ; and R. Chenevix, a soln. of sodium chloride acidified with hydrochloric 
acid. E. Schmidt’s directions are : 

A soln. of 10 parts of mercurous nitrate, TO parts of nitric acid, and 88 5 parts of water 
it poured witli constant itirring into a clear soln. of 3 parts of sodium chloride in 12 to 16 
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parts by weight of water. To avoid the formation of si^ingly sohihlo liaaic meronruns 
mtrat^, the sodium chloride is kept in excess by pouring the mercurous nitrate soln. mto 
that of sodium chloride, not conversely. The preeipitat 4 *d mennirous chUiride is allowtxi to 
settle away from light and the 8ui>eniatant liquor jicunnl off ; it is stirrtHl up with tnihl 
water, and the o|^rution repcatwi until the wash litpior gives no turbidity with silver 
nitrate. The pnvipitate is collecteil on a lilter ami <lnc<i. 

According to J. B. A. Dumaa, the precipitate cannot In* fn'cd from sodium chloride 
by washing, and he says this explains why the pn‘cip»tat<ed salt is more soluble than 
the sublimed ; but L. Mailhe said that only a small trace of siMlium chloride is 
retained by the precipitate, and the 8olubiliti(‘8 of the sublmu‘d and precipitated 
salts are the same. The precipitated salt in the finer state of subdivision may dis- 
solve mon‘ qui('kly than the sublimed salt. T Mart ins recommimded using ammo- 
nium chloride in plaie of sodium ehloride, but there is then a ttiiliculty m removing 
the ammonia from the precipitate, and K. .1, Otto does not recommend t he process, 
although M. Fleisehmann says that the whole of the ammonia can lw‘ removed from 
the preoijiitate by a prolonged washing with cold water. N. .1 B (». (liiilMiurt 
precipitates mereurous ehloride by adding hydroehlorie aiid to ii eonc. 
soln. of a mercurous salt ; L. Onielm says that heating should be avoided, and 
that a dil. soln gives better n'sult.s. K. Varet recommends jireeinitaiiug with a 
soln. of potassium chloride, and, aft^'r washing, drying in durlcness at llri’. 
W. Sievors passed chlorine into a feebly acid cone. soln. of mi'reiirous nitrate ami 
washed the mi.xture of mercurous and mercuric chlorides with hot water to remove 
the inenmrie chloride. Tin* precipitate was dis.solvi‘d for a long time, with a boiling 
soln. of mercurous nitrate ; and the crystals which separati'd from fin* cooling soln. 
were wasiied first with nitric acid, and then with water. II. Debrav first showed 
that lustrous crystals are depositeil from a soln. of calomel in one of hot iin'reurous 
nitraU'. .Mercurous eliioride is also formed, when mercurous oxide is treated with 
hydroehlorie acid. B. A I’lanehe prepared menmrous ehloride by sublimation 
from an intimate mixture of mereurous suljihute and sodium chloride, The 
directions in tin* British Phannacopuua arc : 

N1()I‘'I)mi 10 plots of inrn'iinc siilphat*' uilh some miter and nili il uitli 7 parts of 
iiien uiy until globules ure no longi r visible ; ivid r» parts of KiMlitim eblonde and tliorouglily 
mix (ho whole by continued trituration. When liry, sublime in a suitable apparatus mto 
a ehamlM'r of such a si/,e that the ealoin«‘I, iiisteiul of lulhermg U) its sides as a rrysluIJine 
crust, shall fall as a fine dull whito powder on its floor. Wash this jiow’dor with la'iling 
distilled water until the wnslungs cease to is* darkened with lunmonium sulphide. Kinally, 
dry at a heat not e.\eeedmg KM) ', and prewrve m a jar or bottle iinpervKius to light. 

Sublimed calomel amdenws as a dense fibrous mass which requires pulverization 
before use ; as m the manufaeturmg process when, for medical jiurposes. the calomel , 
is required in a tine state of subdivision. E. iSoubeiran and F. (1. Calvert recom- 
mended carrying the vapour of the subliming calomel by means of a stream of cold 
air, into a large chamber when* the salt was condensed. J. .Jewel, and 0. Henry 
proposed a stream of steam inst<‘ad of air. G. Lunge and E. Divers have desr-ribed 
how calomel itei/un— free from corrosive sublimate is made in Japan : 

Balln of jHjrous earth and Halt from the biilem of partially evaporated w*a-w'ator - 
arc heated along with mercury in iron poU with earth. The magm^Mium nalla derived from 
llie bittern, together with the air winch diffuM^H into the form hydrogen chloride, and 
this reacts with the mercury which sublunca into the clay covers of the jiots ; 4Hg j 4H(d + (), 
~4HgCl -f 2H,0, so that the covers liecomo filled with a network of rmcwcfius scales of 
white or pale cream-coloured caJomel. 

3. By the redudion of mercuric chloride, — As known to th(* alchemists, mercurous 
chloride c,an be prepaij^d by the rttduction of mercuric chloride, say, by triturating 
it with mercury, and heating the mixture until it sublimcH. A great deal of the 
mercuric chloride is reduced during the trituration. J, B. Trautwein war^icd the 
mixture for some hours and again triturated it before sublimation. 

On a large scale, 17 parte of corrosive sublimate are mixed with a little okohol or water, 
and rubbed up with 13 parts of mercury until the metal is “ dea<lcni<l. ” The mixture is 
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thenr ■ublimed in glaM flaskf. The calomel oondenaea in the oppw cooler part of the flaak 
aa a aolid, tranalucenty fibrous cake. The flasks are brok^ and the cake removed. The 
cake is ground to powder and washed repeatedly with boiling water. 

G. F. Hildebrandt said that the alchemists used to repeat the sublimation a number 
of times, for they refer to calomel six or seven times re-sublimed, and to panacea 
mercuraiis re-sublimed nine times. 

F. Wohler reduced merdhric to mercurous chloride, by digesting a sat. aq. 
•oln. of mercuric chloride and sulphur dioxide at 50° for some time, and washing 
the precipitated mercurous chloride. According to A. Vogel, the reduction is 
complete only with a large excess of sulphur dioxide frequently renewed. 
J. Zinkeisen, and F. Muck employed a sat. soln. of mercuric chloride above 75°, 
below this temp, the reaction is not complete. W. Stein, and F. Sartorius 
emphasized the use of dil. mercuric chloride soln. (say, 1 : 80) at 70° to 80° under 
which conditions the reduction is almost quantitative ; indeed, D. Vitali employed 
the reaction for the determination of mercuric chloride. R. Wagner recommended 
treating an alcoholic soln. of mercuric chloride with sulphur dioxide. H. Rose 
treated the mercuric chloride soln. with boiling ammonium sulphite (if cold, there is 
no appreciable reduction, and if the boiling be prolonged, P. Berthier says the 
calomel is partly reduced to mercury) ; J. Meyer recommended warm lithium 
sulphite ; H. Rose reduced mercuric chloride soln. with hypophosphorous add 
(when the mercuric chloride is in excess, otherwise mercury is precipitated) ; 
and C. Gliicksmann used an excess of barium hypophosphite in the presence of 
hydrochloric acid, and found the reaction quantitative ; W. Hempel reduced 
mercuric chloride with ferrous sulphate; T. Fairley, with hypochlorites; 
N. A. B. Millon, with potassium hydrogen oxalate ; and J. Schoras, and W. Uloth, 
with oxalic add. J. M. Edcr exposed a mixture of mercuric chloride and oxalic 
acid to sunlight ; P. A. von Bonsdorff reduced mercuric chloride with formic add ; 
F. W. 0. do (^ninck and M. Dautry, with malonic add ; and P. Duret with dextrose. 
The last-named claimed by the following process to prepare a fine-grained, light, 
and voluminous form of calomel with greater germicidal powers than the ordinary 
preparations when used in prophylactic ointments, or anti-syphilitic injections : 

A soln. containing 5 grins, of Hoclium hydrogen carlwnate and 10 grms. of doxirose in 
80 c.c. of wati'r is added to a soln. containing 7 6 grms. of crystalline magnosium chloride 
in 20 c.o. of water, and this mixture ia added to a soln. containing 11 6 grms. of mercuric 
chloride and ten drops of hydrochloric acid in 100 c.c. of water in a flask. When the 
reaction has ceased, the mixture is heated on a water-bath until all the carbon dioxide is 
evolved. 'Fhe finely divided precipitate of mcrciu'ous chloride is then collected and washed 
with water. 

M. Gaiubier* claimed to have made still more active calomel by varying the 
precipitating and reducing agents. 

J. H. Gladstone and A. Tribe reduced mercuric chloride by dipping a plate of 
platinum or gold in a soln. of mercuric chloride, and connecting it electrically with 
mercury, also in contact with the same soln. F. Paschen, and A. W. Laubengayer, 
nott’d the formation of mercurous chloride at the surface of a mercury anode in 
hydrochloric acid, etc. 

When a sample of dry mercurous chloride is heated in a test-tube it should 
volatilize completely without giving off acid fumes. If the calomel were adulterated 
with powdered barytes, etc., this would remain as a non-volatile residue ; and if 
mercurous or mercuric nitrate were present, fumes of nitrogen peroxide would 
be evolved. Adulterations with gum or other organic matters are detected by the 
smell when heated. The aq. extract of the salt when lilted and evaporate to 
dryness should give no residue showing the absence of soluble salts, and the aq. 
extract^should not give a white turbidity with stannic chloride soln. showing the 
absence of mercuric chloride. E. ?. Anthon recommended extracting with ether 
or alcohol. According to H. Bonnewyn, if a clean knife-blade be immersed in the 
calomel moistened with alcohol or water, a black spot may be formed on the blade 
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if as little as 2 X 10~» parts of merourie chloride be present. Mercury mny be detected 
t>y the miflcrocope, or by shaking the calomel with nitric acid diluted with its own 
vol. of water when any metallic mercury will be dissolved. The filtrate is then 
tested for mercury by hydrogen sulphide, etc. 

A. Lottermoser * found that if chlorine water bo added to a soln, of colloidal 
mercury, the liquid becomes milky or turbid and onlloidnl merctUOUS ddoride is 
mrmed— if an excess be added, colloidal mercuric* chloride is formed. K. von 
Meyer and A. Lottermo8<*r also added a soln. of mercuric chloride to colloidal silver 
and obtained a milky hydroaol of mercurous chloride. A. Gutbior also prej>ared 
the same hydrosol by adding hydroxylamine hydrochloride to a soln. of a mercurous 
salt, or hydrazine hydrate to a very dil. soln. of mercuric chloride. The ('hemische 
Fabrik von Heyden patented the following process : 

Dissolve 100 parts of sodiunt lysalliiiiate m 4000 iMUts of water, aiul add a wdn. of 40 
parts of s<xlium chloride in 2000i»arts of waU'r, aii<i then a soln. of 120 pails of inernuruiui 
nitrate m 4000 parts of water. When an aedd is added, the priM'ipitate whiidi is ohtaintHl 
can bo washed with water. The pn^ipitate is soluble in a very dil. soln. of alkah, and the 
soln. can lie evaporated to dryiuva. 

The white solid forms a milky fluid with water 1 ; f»() ; it is insoluble in alcohol, 
ether, beiiztme, and chloroform, H. ]..achs studied the scintillation of mercurous 
chloride as an ultramicroscojiic colloid, and fountl that the effect diminishes with 
long standing owing to the development of long crystals. 

The propertiMol mercurous chloride.— The crystals of the natural product 
occur in bipyramids belongmgdo the tetragonal system with the axial ratio, accord- 
ing to J. Schahus,5 a : c- I : 1 7350 ; W. F. llillebrand and W. T. Schaller gdve a : c 

: I’7232. The product obtained by sublimation is a c^jmpact crystalline moss, 
unle8.s precautions are taken to keep the product pulverulent - tlie Japanese 
product is iii micaceous crystals. The precipitated salt is usually a white powder, 
A soln. of mercurous chloride in a hot soln. of mercurous nitrate, as indicated 
previously, gives crystals with a mother-of-pearl lustre. H. llehrens obtained 
needle-like crystals frmii a soln. of mercurous nitrate and hydroihloric acid. 
E. Mitscherlii’h, and W, J. Luezizky obtained from ethyl and methyl alcohol soln. 
rhombic crystals with axial ratios a : 6 : c— 0’7*251 : 1 : l UOlJ ; and the latter also 
obtained a b(icond rhombic form, so that this compound appears to crystallize in three 
different forms — see mercuric bromide. The Specific gnvity of native* mercurous 
chloride by \V. IIaiding(*r * is 0 482 ; and the reported numbers for artiiii-ial crystals 
vary from the 0'50 of H. Schiff to the 7 178 of L. Playfair and J. P. Joule. According 
to J. Meyer, the lustrous scales prepared from mercuric chloride and lithium sulphite 
have a sp. gr. 4 5 to 5 0, but show no difference of potential agaijist ordinary < 
mercurous chloride in a galvanic cell, and in consequence do not appear to be an 
allotropic modification of the latter. A. Reis and L. Ziuunerniann gave 2'6 for the 
h ftrdnftM 

The specific heftt of mercurous chloride, measured by A. Magnus between 15*^ 
and 100'' is 0 052%; and the molecular beat* 12'48±0‘0()5. 11. V. Regnault 
gives 0 05205 for the sp. ht. A. Eucken showed that the mol. heat decrease's as 
the temp, is reduced, being 11'43 at 17‘5'' ; 10‘70 at — 67’5'' ; and 9'46 at — 108'2'' ; 
and, according to F. PoUitzer, the mol. ht. of crystalline mercurous chloride falls from 
11’51 at — 74’' to 8'44 at — l‘J9'5'’ ; and, for the pulverulent salt, from 9 03 at —•184'' 
to 8'79 at —190''. E. Jannetaz gives 0*77 for the squan^ root of the ratio of the heat 
conductivities of mercurous chloride crystals in the direction of the chief axis and 
in the direction of the base. T. Oarnelley gives for the melting point 302 ’, but, os 
W. Hampe showed, hj open vessels, it vaporizes without melting.' M. Faraday 
obtained no signs oi vaporization at ordinary temp., but C. Zenghelis placed 
mercurous chloride 5 cms. above a silver plate for a month, and found that the 
silver was attacked— presumably by the vapour of the calomel. H. Arctowsky 
heated calomel to different temp, for 5 hrs. and measured the loss of weight ; he 
found at 8G'5'' a loss of 0‘006 grm. ; at 98*5'', 0*0013 grm. ; at 120*25% 0*0025 grm. ; 
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ftt 152®, 0 014 grm. ; and at 175 25®, O-OOS gnn. M. Berthelot noted a perceptibla 
YolatillMtion at 250®. W. P. A. Jonker gives the ga btima tio n point aa 373® ; 
A. Smith and A. W. C. Menzies say the boiling point at atm. press, is 382*5; 
A. Smith and R. P. Calvert. 383 7® ; W. P. A. Jonker, 373® ; and W. Harm and 
V. Meyer give 357°. J. C. G. dc ^rignac gives the UUont heat Ol v ap o rii a ti on 
per gram 131 cals, at 16® ; 127 cals, at 18®. A. Smith and R. P. Calvert found that 
the entropy ol vaporiiatkm'of mercurous chloride corresponds with the value 
for associated liquids ; by Trouton’s rule, 18*7 ; and by Hildebrand’s rule, 17*7 for 
a cone, 0 005 mol per litre. 

The vapour preMOre of mercurous chloride in equilibrium with the solid below 
180® was determined by E. Wiedemann, K. Stelzner, and G. Niederschulte, and 
by A. Smith and A. W. C. Menzies for temp, exceeding 360°. The vapour press, 
p mm. of mercury at d® is ; 

B . . 00“ llO'^ 160“ 170“ 180“ 300“ 370“ 380“ 390“ 400“ 

p . 0-004 0 011 0 07 0-27 0-46 434 660 712 906 1136 

The salt carefully dried over phosphorus pentoxide gives no appreciable vap. 
press, after being held for 15 mins, at 352°. 

Determinations of the vapour doudty of mercurous chloride by E. Mitscherlich,* 
H. St. C. Ueville and L. Troost, and R. Rieth show but half the value calculated 
for Hg 2 Cl 2 . For example, the vapour density of mercuric chloride at 518° is 235 5 
(02—32). This number agrees with 236*5 required for the simple mol. HgCl. If 
mercury bo a dyad, and if it has a constant unchangeable valency, the formula 
should bo Hg 2 Cl 2 , that is, Cl— Hg— Hg — Cl. In that case, the observed vapour 
♦density means that the mercurous chloride dissociates into mercuric chloride and 
mercury : Hg 2 Cl 2 ==Hg 4 -HgCl 2 , the theoretical vapour density of which is 
1(200 -f 270*9)— 235*5, the same as for HgCl. The vapour density determination 
does not therefore furnish a definite answer to the obvious question. 

W. Odling showed that calomel vapour amalgamates gold-leaf, and hence inferred 
that probably some mercury is present. J. C. 0. de Marignac also deduced from 
the latent heat of vaporization that »'U y a cominenceitient de dissociatim, il esi au 
moina extritnernefU Umite, H. Debray could find no amalgamation at 400°, but 
H. B. Baker obtained it at 445°. E. Erlejimeyer obtained a very small proportion 
of free mercury in a deposit of sublimed calomel ; and H. Debray obtained free 
mercury by rapidly cooling the vapour by a gilded silver tube cooled by running 
water. AU these experiments show that probably free mercury vapour is present 
in calomel vapour, although it might be argued that gold-leaf aecomposes the 
♦ va{K)ur of calomel. At best, the preceding experiments show that some dissociation 
occurs, whereas the observed vapour density requires almost complete dissociation. 
The argument based on the constant valency of mercury is of no value. H. B. Baker 
olaimea that the vapour density of calomel, perfectly dry, corresponds with the 
formula Hg 2 Cl 2 as shown (a) by the vapour density, and (6) by the absence of the 
amalgamation with gold, but if the calomel be not so completely dried, it is probable 
that Hg 2 Cl 2 dissociates into Hg and HgC) 2 , analogous with the behaviour of per- 
fectly dried ammonium chloride, which is known to behave in this manner. 
H. Debray argued that the decomposition cannot be complete because the condensa- 
tion of the vMour yields mercurous and mercuric chlorides as well as mercury. 
According to W. Harris and Y. Meyer, gold-leaf is amalgamated at the moment 
when it is inserted in the calomel vapour, but on becoming hot, the gold amalgam 
is dissociated and the colour of the gold is restored. • W. Harris and V. Meyer 
attempted to determine the amount of dissociation. They Seated calomel to 465® 
in a wide glass tube containing a narrower porous vessel. They obtained a “ dense 
mass ” of mercury (with the heavier vapour) in the wider tube, and a considei^ 
able amount ” of corrosive sublimate in the inner cell, and hence said that this 
result proves a copious dissociation of the calomel vapour. The conclusion is a 
non sojuiinr because the removal of a small proportion of one product of dissociatkni 
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i^uld diaturb the eqailibrmm^ and in accord with the law of niaaa action would 
liberate far more mercury than would be repreaented by the actual amount of 
diaaociation in the undisturbed va]K>ur. W. Harris and V, Meyer then assumed 
that a vapour largely composed of mercurous chloride should give the reactioas of 
a mercurous salt while one wnipoaed largely of mercury and mertniric chloride 
should give the reactions of a mercuric salt. They show that a rod of solid potaa* 
sium hydroxide at 240“-“260'*, when immersed in the vajmur of calomel in another 
tube at the same temp., is immediately covered with a layer of nnl mercuric oxide 
just as oc-curs with the vapour of mercuric chloride, and although mercuro»ui oxide 
is unstable at this temp., W. Harris and V. Meyer assumed that their expriment 
would have shown its presence as a transient intermediate iHiminjund if mercurous 
chloride vapour had been present. They also say that the mercuric oxide was not 
formed bV the decomposition of the mercuitms oxide, bt'cause a sti<*k of jSotash 
coated with mercurous oxide forms nef jH^rceptible mercuric oxide in 1 T)- ‘Jf) secs. Tlw 
conclusion that the mercuric oxkle could not have, arisen from previously formed 
mercurous oxide, but is a din^ct product of the interaction with the vHjKiur from 
calomel is probably wrrect, because there is no particular n^ason for assuming that 
mercurous oxide would be formed under these conditions if the vapour really 
contained mols. of inerc'urous chloride. There is no justibcaiion in thew* results 
for the sweeping conclusion that “ calomel vapour decompos<‘s complelH*ly according 
to the equation : Hg 2 CI^--HgC'L filg." In a controversy with V. Meyer, M. Fileti 
claimed that the vapour densitv of calomel in the presence of the va[w)ur of mercuric 
chloride corresponds to HgCl.Viot Hg^C!^, and that there is no dissociation because 
gold* leaf (cooled by water) is not amalgamated. In fine, none of theta* qualitative 
ex|M!riment8 can give a (piantitative idea of the proportion of diswx'iated — 
Hg-f HgCIg — to uudissociated — HgCI — mols. in calomel vapour. 

A. Smith and A. W. C. Menzies calculated the vap. press, of calomel on the 
extreme assumptions that there is no dissociation, and that there is conqdete 
dissociation. The vap. press, of a mixture of calomel and mercury will bo equal 
to the sum of the vap. press, of mercury and calomel, if there lx* no <iiHS(w‘iation, and 
less than this sum if dissociation of the calomel vapour occurs. Kxjieriment showed 
that the observed va]). press, of the mixture is less than that calculated for com- 
plete dissociation. This was traced to a slight lowering of tlio vap. press, of mercury 
owing to its dissolving a little calomel. Allowing for this, A. Smith and 
A. W. C. Menzies’ measurements give numbers in dost* agreement with the view 
tliat the vapour of calomel is complet<'ly disscK’iated, and that mols. of the types 
HgCl and Hg^Cl^ are not present in the sat. vapour of calomel. 

A. Smith and K. P. Calvert have determined the dissociation VressOTSS of ' 


calomel vapour and find at 309'52‘', the dissociation press, is 10,*) mm. ; at 341 ’56", 
261 ‘4 inm. ; at 367'72°, 522 5 mm. ; and at 3S3'95", 761'7 mm. If jt (lenotes the 
pres-s. in umi. of mercury at the absolute temp. J®, the observed results can be very 
well represented by the formula : log p=--7792'lor-J-12'23()9 log 74 49 2048. 
According to A. Smith and A. W. 0, Menzies, the lowering of the vap. press, of 
mercury by the soln. of calomel between 360“ and 400“ corn'sjionds with the 
moleciilar fonunla HgCl ; and, according to B. Beckmann, the lowering of the f.p. 
of mercuric chloride by the soln. of mercurous chloride agrees with the formula 
HgaClj. 

T. Andrews^ first measured the heat disengaged during the combination of 
mercurj' with chlorine, and he says, “ The primary compound termed in this ri’action 
is probably HgClg, but by the action of the excess of mercury a jiortion is afterwards 
converted into t^ sUbchloride Hg^dj.” According to R, Varet, the hstt ol 
fomiatUm of mercurous chloride from liquid mercury and chlorine gas is (2H^, Clf) 
=:62 ()5 Cals. W. Nemst mves 62*6 Cals. ; J. Thomsen, 62 55 Cals. According to 
M. de K. Thompson, the DM CDifgf of formation at 18“, with chlorine at atm. 
press., is —49*4 Cals., or with respect to liquid chlorine, -*5f) 0 Cals., or calculated 
fcom the solubility of mercurous chloride, “ 521 Cals. ; and the total aaaffF is 
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between —ST G and 02*0 Cala. J. Thomsen gives for Hg2(N03)2iiq.4-2KClaq, =24*32 
Cals. ; and for Hg20+2HCU=64*71 Cals. M. Berthelot gives for the HgaCl* 
EsHgCljwUd+Hgiiquid —19 Cals. R. H. Gerke gave for the entropy change at 25®, 
Hg4-JCl,=HgCl -21*8. 

The crystals have a positive double refraction, and A. des Cloizeaux says 
the indices of refraction for ^he red ray are to— l OG, and c— 2*60 ; while H. Dufet 
gives for the Li-line, (o=l*9556, and €=2'6006 ; for the Na-line, cu=r97325, and 
€-2*6559 ; and for the Tl-line, to =1*99085, and €=2*7129. W. Haidinger says 
the sublimed crystals from Schmolnitz are pleochroic, for the to-ray is pale wine 
yellow and the €-ray reddish-brown. J. A. Wilkinson says the crystals have an 
orange fluorescence, and 0. Woli! that they exhibit an orange luminescence in ultra- 
violet light, but no thermo-luminescence. A. L. Hughes has shown that mercurous 
chloride gives a well-marked photoelectric effect. E. J. Evans studied the 
absorption spectrum of mercurous chloride vapour. 

According to V. von Lang.^i mercurous chloride is diamagnetic. C. Fritsch 
found the electrical conductivity of a plate of pressed powder increases from 31 to 
130 mhos when mixed with 1 per cent, of sodium chloride, and to 1700 with 2 per 
cent, of sodium chloride. W. Hampe says the molten salt conducts electrolytically. 
E. Rothe gives the electromotive force of the calomel electrode as 0*56 volt. 

R. Behrcnd found the e.m.f. of the cell Hg | HgCl, j-A'-KOl | j^N-HgNOs, 
HNO3 I Hg to be 0*391 volt ; A. Ogg for the same cell with iV-HNOs and 
jY-KCI found 0*400 volt ; 11. Ley and C. lleimbuehcr, for the cell Hg | HgCl, 
y\;iV-KCl 1 Y',jiV-HgC104 1 Hg, 0*420 volt (20"‘) ; and f6r the same cell with Y,7;7iV-KCl, 
0*472 volt. The cone, of the ions Hg2** in the sat. calomel soln. calculated from 
the e.m.f. of these coils are respectively 1*0x10^®; 1*0x10“®; 0*72x10“®; 
and 0*79x10“®. L. S. Bagster and B. D. Steele gave for the cell Hg | HgCl, 
S02Uquid I SO2 I PbCl2, S02iiquid | Ph, 0*43 volt. K. Luther also showed that the 
grain-size of the calomel exercises an important influence on the e.m.f. 
A. W. Laubengayer has shown that the apparent polarization of the calomel 
electrode is probably due to the formation on the surface of the mercury anode, of a 
strongly adsorbed film of mercurous chloride which offers a high resistance to the passage 
of the current. The calomel cell has been studied by H. A. Fales and W. A. Mudge, 

S, Bodforss, etc. W. R. Hainsworth and D. A. Macinnes measured the effect 
of press., p, up to 4()0 atm. on the cell H2 | HCl(0*liV), HgCl— Hg at 25°, and found 
for the change of e.m.f. 02958 Jog p-fC*56xUr0(jj-l)-|-3*7xl0-i0(p2-l). 
R. H. Gerke studied the e.m.f. of the cell Hg | HgCl, iV-HCl | CI2 at 
atm. press. B. H. Buttle and J, T. Hewitt give the ionization constant 

• HgCl’=Hg**.f Cr as 5*3 X 10“8. 

Mercurous chloride has no smell and no taste. Calomel is not altered when 
exposed to air in darkness, but in ligJdy according to G. Suckow,i** calomel acquires 
superficially a grey tint. R. Abegg found that it is also coloured by exposure to 
the cathode rays. L, Gmelin suggested that the grey product is mercurous sub- 
chloride, Hg4Ci2 ; but the action is probably a decomposition of the calomel into 
mercuric chloride and mercury, 2HgCl=Hg-f HgCl2. Thus, J. von Tugolessoff says : 

Shoots of paper wore soaked in a soln. of mercurous nitrate, dip{>od in a dil. soln. of hydro- 
chloric acid, dried, and exposed under a negative plate to light. The action of the light 
was to be detected by moans of the mercuramide compounds. Since those of the mercurous 
salt are black and those of the mercuric siUt are white, it was ex|)coted that ammonia would 
only blacken tlie parte which had not been exposed to light. The experiment did not turn 
out at first as had been honied, for the whole sheet of paper was blackened by ammonia. 
After a sliort treatment with very dil. hydrochloric acid, the high lights became white. 
This allows that mercurous chloride is imquestionably changed to mercuric salt by light, 
but not completely ; and consequently the test was spoiled by the ammonia reacting with 
some ofethe undecorai>08ed mercurous salt. Since the amoimt of this latter was not lai^, 
a very short exposure to acid was sufficient to remove it, while the acid had practically no 
more oflect on the portions which had not been exposed to light. 

Calomel is blackened when exposed to light while confined under water, and A. Vogel 
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could find no sign of the evolution of my gas during the change. .Aocording to 
A. BiUilfert, ozone acU slowly on inercuroua cliloride, forming mercuric chloride and 
a brick-red precipitate, apparently an oxychloride. 

Mercurous chloride is very sparingly soluble in winter. According to F. Kohl- 
rau8ch,^3 a of water dissolves 0 002 grm. of rnert'uroua chloride at 18® or 
0 0014 grm. at 0*5® ; O C)021 grm. at 18® ; 0 0028 giju. at 24’6° ; and 0‘(K)70 grm, 
at 43®, Several other data have been calculated from the electrical conductivity 
or from the electromotive force of galvanic cells by H. Ijoy and C. Heimbucher, 
A. Ogg, K. Behrtmd, L. Holla, M. 8. Sherrill, M. dc K. Thompson, etc. L. Sauer 
found that the finely divided salt is 10 pea cent, more wduble than coar«**grained. 

Th(‘re have Ixvn many discrepant statements as to the conversion of mercuroua 
into mercuric chloride by water, the chlorides of the alkali metals, and by organic 
acids. P. Hoglan found that calomel is slowly converOMl into corrosive sublimate 
by water at the temp, of the Wly and that the pres<‘noe of sodium chloride, citric 
acid, or sugar favours the conversion. Some discrepant statements am duo to a 
comparison of results obtained at dilleituit temp., at low temp, the conversion is 
slow, while at body temp, calomel is an uiistablo compound. M. Berthe says the 
conversion of mercurous to mercuric chloride by water or alcuhol occurs at least 
at 40® or f>0®. 8. Hada found when freshly preeipitatod mercurous chloride is 
heated with water for 7 hrs. in a flask immersed in boiling water, mercury c^jllects 
as a sublimate and mercuric chloride is found in the soln. The results with a 
current of air and a current of carbon dioxide were virtually the same ; about one- 
tenth of a gram of nu'n ury was present os memuric chloride per gram of n\ercurous 
chloride employed, the amount of mercuric chloride was augmented to 0T3 grm. 
by the presence of hydrochloric acid, and nearly doul)!ed by the ])reRence of alkali 
chloride. According to (r. Righini, steam partially converts calomel into a grey 
})roduct with an excess of mercury and mercuric chloride ; similar remarks apply 
to the action of l)oiling water. According to M. Donovan, N. J. B, G. Ouibourt, 
W. (Trurier, and A. Vogel, the grey product is a basic mercurous chloride, l>ecaus<'! 
(i) it recovers its whiteness when boiled with hydrochloric acid ; (ii) when sublimed 
it yields mercurous chloride and mercury ; and (iii) the water contains a little 
hydrochloric acid, and mercuric tddoride. 8. Hada found that if shaded from light, 
there is no sign of the grey jiroduct or of any oxidation of the mercury by hydrolytic 
dissociation, for mercurous chloride may Ik‘ boiled indefinitely with wator without 
suffering any change in apj)earaiu‘e or composition. Indeed, according to W. Qruner 
and J, F. Simon, the calomel “ almost wholly disappears after six Iwilings,” whe;n 
with water frequently rejilaced, and tl»e wat<T contains mercuric chloride ; and, 
according to L. Mailhc, and 8. Hada, the conversion of mercurous hito mercuric 
chloride is faster if air has access to the liquid. In his study : JIow immirmu and 
mercuric salU change into each ifther, 8. Hada could find no evidences of any oxidation 
during the decomposition of mercurous into mercuric chloride under these con- 
ditions, and he says dissociation fully accounts for all the facts observed. Ho find* 
that calomel is scarcely altered when heat<‘d for fi hrs. to 150® with water in i 
sealed tube in an atm. of carlwn dioxide — dissociation is hindered by the retention 
of the mercury vapour ; although more dissociation occurs if hydrochloric acid oi 
potassium chloride be prewnt than with water alone. If the atm. in the tulx 
contains ox}"gen, the mercury is oxidized — part of the oxychloride remains in soln 
and part separates as brown glistening micaceous scales. 

Two mercarolU ozychloridai occur in small quantities in nature as s(icx)ndar; 
minerals, derivatives of cinnabar ; the one, eglestonile, Hg20.2HgCl, occurs ii 
brown crystals belonging to the cubic system along with men-ury and mercuri< 
sulphide at Terlingua (Texas) The sp. gr. is 8 327 ; hardness, 2 to 3. A. J. Moses 
and B. F. Hill’s analyses gave Hg^OjCls, but W. F, Hillebrand and W. T. Schaller’i 
is that generally accept^— Hg40Cl2. The other mercurous oxychloride is ter 
Itnguaiie, which occurs at Terlingua (Texas) in sulphur -yellow needles or plate 
belonging to the monoclinic system, with axial ratios a : 6 : c=sl*6050 ; 1 : 2’024fl 
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W. T. Thaller’s analyses agree with the fomula HgO.HgCl, so that it w a tom 
of mercuric mercuroxychloride. The colour gradually changes to an ohv^^en 
on exposure to sunlight. T. Fischer and H. von Wartenburg prepared artificial 
crystals of terlin^ite by heati^ a mixture of cqui-mol. parts of mercuric oxide and 
mercurous chloride with wate^ in a sealed tube at 180°. , . . i 

According to H. Moissan,!® when mercurous chloride is warmed “J the presence 
of fiuorine, it furnishes a yellow surface skin of a compound insoluble m water ; 
chlorine gas or chlorine water converts mercurous into mercuric chlondc^a^rding 
to M. Bi-rthelot, (HggClg, Cl2an)=32-6 to 45 6 Cals., and, according to J. Thomsen, 
37 075 Cals. W. Eidmann and A. Naumann report that when chlorine is pa^ into 
acetone with mercurous chloride in susiiension, only a small proportion of the 
is converted into the mercuric salt ; bromnc acts rapidly : 2 HgCl-fBr 2 =^Cl 2 
-f HgBrg ; and with iodine : 2 HgCl+l 2 =HgCl 24 -Hgl 2 , and the sparingly soluble 
mercuric iodide is precipitated. A. Potilitzin found that bromine displace some 
of the chlorine in mercurous chloride ; M. C. Schuyten found that both bromine 
and iodine oxidize mercurous chloride; L. A. Blanche and E. Soubeiran found 
thatrby triturating mercurous chloride with water and iodine both mercuric chloride 
and iodide are formed ; and E. Riegel and F. 8elmi prepared what he regarded as 
yellow crystals of OMFCtiriO chlOTOiodids, 2HgCl2.Hgl2, by heating mercuroiw 
chloride with iodine and much water until iodine vapour is no longer evolved— the 
yellow crystals which arc deposited from the soln. become yellow in a few days. 
The mother liquid, according to F. Selmi, contains some mercurous chloride, chlorate, 
and iodate, and hydrochloric acid. • • i? u 

Mercurous chloride is very sparingly soluble in hydrochloric acid. E. Ruyssen 
and E. Varenne have measured the solubility of menmrous chloride in different 
aniounts of hydrochloric acid, and they express the solubility as a ratio between the 
weight of mercurous chloride dissolved and the weight of acid the solubility 
increases as the projmrtion of acid increases. At first the rate of dissolution is 
slow, but after several days, the rate of solution increases rapidly. Mercurous 
chloride is more soluble in the presence of silver chloride than when alone. The 
action of hydrogen sulphide on a hydrochloric acid soln. of mercurous chloride 
gives a precipitate ranging in colour from bright yellow to orange-yellow, according 
to the relative proportions of mercurous and mercuric chlorides in the solm 
Exprt’ssing the results in grams of mercuric chloride per litre, T. W. Richaids and 
‘ E. H, Archibald found for the effect of hydrochloric acid on the solubility of 
mercurous chloride : 


• r 

HCl . 06-43 

HgCl, . 0-034 0-207 

Bp. gr. . — 0-042 


168-4 200-2 267-3 

0- 300 0-648 0-664 

1- 060 1-001 1-114 


278-7 317-3 264-6 

0-676 0-670 0-673 

1110 1132 1-163 


N. J. B. G. Guibourt found that boiling water acidulat^ with hydrochloric 
acid dissolves mercurous chloride as mercuric chloride without the separation 
of mercury if air has access to the liquid, and L. Mailhe says that less is dissolved 
if the air bi^ excluded. Thus, between 40° and 50°, 100 parts of calomel in a steppe^ 
bottle with 100 parts of hydrochloric acid and 1667 parts of water, thorougmy 
freed from air by boiling, take up 0'67 part of mercuric chloride in 24 while 
in an open vessel, 2'32 parts were taken up. L. J. Proust, and P. F. G. Boullay 
say that boiling hydrochloric acid decomposes mercurous chloride^ foray 
chloride and mercury ; and, according to M. Beithelot, lijdrocmona^ 

HgClj.nHCl, is the product of the action. M. Pettenkofer, C. ff. Pfaff , and H. ItenncU 
found that when a mixture of ammonium chloride and c^omel is subhmed, ^ 
Bublimafe is a double ammonium mercuric chloride, and a similar action b sroposed 
to occur when calomel is boiled with an aq. soln. of ammomum t^oride. 
subliming a mixture of sodium and mercurous chloride, the latter is not decomposed, 
t:i.. aa!,! an a<\in nf f.)iA r.lilnridAfl nf sodium, barium, calcium, etc.. 
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w watact with mercurous chloride form mertuiy and mercuric chloride. L. Mailhe, 
A. Larocque, J. GewecJce, and J. F. Simon reported that soln. of ammotiittm chloride 
take up mercuric chloride from mercurous chloride at ordinary temp., the action 
bemg faster between 40® and 50“ ; and faster w'ith cone, than with ml. soln. ; and 
faster m the presence of air than in its absence. On the other hand, T. Martius, 
r ' phloride liav© no such action. 

Alkali and other metal chlorides behave like ammonium chloride, but the action is 
less pronounced. The ri'action seems to have been noticed by J. Captdlina in 1576 
wfore L. J. Proust’s study in 1 815 ; H. Pick said that mercurous chloriue i^blackened 
by a soln. of potassium chloride. Au oontraire, A. I^arocque said that aoln. of ths 
alkali chlorides dissolve the calomel as calomel without changing it simultaneously 
to mercuric, chloride, because when the soln. is agitated with ether no mercuric 
chloride is extracted by this solvent. The action takes place in darkness. 
T. W. Richartls and E. H. Anhibuld say the action is mon* marked with sodium 
chloride than with barium chloride, and with barium chloride more than with 
calcium chloride ; while the action is scarcely jMTCcptihle, with cadmium chloride. 
The (plant ity of men*uric chloride formed incit^aw^s wit h incn'asing (‘om'., and with 
hydrochloric acid, the maximum is attained when the cone, of the acid is TA'-HCl, 
According to H. Heimcll, the deconqiosition of the calomel is (omjih'tc aft/(*r boiling 
it 10 times with a soln. containing an equal weight of sodium chlori(h‘. A. Ditto 
said that it must be admitU-d that calomel is feebly diswK’iatcd by cold wai(’r, but 
much mor<‘ by liot water ; in the presence of an alkali halide a double salt is formed 
W'hich disturbs tin- (*(|uilihrium of dissociation, and more calomel is dissociated, 
and this continues until the double salt is also in equilibrium with its c.omjK)nent8. 
The potential of the normal calomel electroih* is d(*t(^rmim‘d by the formation of 
a little mercuric chloride when a cone. soln. of sodium chlori(fc acts on calomel 
According to T. W. Richards and E. 11. Arcliibald, the action of th(^ dissolved 
mercuric chlorid* on the decomposition of tin* calomel is not catalytic', ; it is condi- 
tioned by a state- of (*()uilibrium which is a simple function of the 8(juar(!i of the 
cone, of the chloride ions in not too cone, a soln. The general results iioint to the 
existemc of an ionized ('oinplcx HgCli'^ in the soln. A. Gockcl, and T. W. Hicliards 
have mcasur<‘d the temp, coeff. —dir/dT of the potential, w, of cells {—dn/dT 
—TTjT—QitoT, where ^ denotes the change in the total energy- -the heat of the 
rcaction—and Cq is Faraday's constant) with calomel ch‘ctrodcs and soln. of different 
chlorides: Hg | HgCl, MC1«, HgCl | Hg. T. W. Hk'hards gives, bidwiMsn O' and 30“ i 


Hydrochlono acid . 
Lithitun chloride 
Sodium chloride 
TotasHium chloride . 
Calcium chloride 
Strontium chloride . 
Barium chloride 
Magneeiura chloride 
Zino chloride . 
Cadmimn chloride . 
Ammonium chloride 


Normal. 

0-00033 
0-00063 
0-00066 
0 00061 
0-00063 
0-00068 
0 00053 

0-00063 

o-oooeo 

0-00068 


Anormml. 

0-00066 

0-00083 

0-00078 

0-00079 

0-00076 

000074 

0-00073 

0-00076 

000078 

0-00082 

0-00086 


jlB-norniAl. 

0-00066 

p-00100 

000006 

0-00094 

0-00092 
0-00092 
0 00096 
0-00096 
0-00007 
0 00120 


The temp, coeff. increase with dilution, and. decrease with rise of temp. Hydro- 
chloric acid and ammonium chloride soln. occupy anomalous positions in the series 
owing to the presence of hydrogen ions in the former case, and the tendency to form 
amido-compounds in the latter case. The action of the different chlorides on mer- 
curous chloride is of Ibme importance because of the physiological action of calomel 
in therapeutics. It followi that in the presence of iK^um chloride or hydrochlorio^ 
acid some calomel will be transformed into corrosive sublimate ; the afhount ol 
transformation will depend on the cone, of the soln. of alkali chloride rather 
than on the amount ot calomel ; and the action will be accelerated by blood 
corpuscles which act as carriers oif oxygen. From this point of view the activity 
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of calomel is due to’ its conversion into soluble corrosive sublimate ; E. Pollacci 
assumes that the activity of calomel is due to its being transformed into a very 
soluble mercuric thiocyanate by the alkali thiocyanates in the system. There is 
also to be considered the transformation of the calomel in pills and tabloids in the 
presence of sugar and other organic substances. F. Utz, for instance, says that 
there is a slow transformation of mercurous to mercuric chloride in tabloids made 
up with sugar, while 11 . Vive and T. Budde, and M. Soavc say that there is no such 
change. 

L. A. Blanche and E. Soubeiran say that when triturat<‘d with iodine water, 
calomel forms soluble mercuric iodide and sjiaringly soluble mercuric iodide. 
According to F. Grarnp, fuming hydriodic acid converts calomel into mercuric 
iodide, which is reduced to mercurous iodide if an excess of hydriodic acid be present. 
According to 0 . Wentzky, alkali bromides «-onvert calomel quantitatively into 
mercurous bromide, and, according to K. Klingele, alkali iodides act similarly; 
while in cone. aq. soln. mercury and mercuric iodide separate out. Labour^ 
says that aq. soln. of the iodides of magnesium zinc, and iron produce mercurous 
iodide and a soln. of the metal chloride. 

When mercurous chloride is heati'd with sulphur, mercuric sulphide and chloride 
arc formed, and, if the 8ul})hur be in excess, mercuric sulphide and sulphur chloride, 
82OI2. According to H. Feigel,*® a benzene soln. of SUlphUT chlohdo converts 
mercurous into mercuric chloride. A. Vogel found that a mixtun* of antimony 
sulphide, SbgSs, or 81)283, and mercurous chloride gradually forms mercuric sulphide 
and antimony trichloride. The action is slow with the powdered materials in air, or 
under cold water ; but under boiling water the action occu])i<‘8 but a few minutes. The 
same decomposition occurs under ether, turjientine, or oil of lavender, but not under 
alcohol. V. L. Geiger also studied the reaction, and says that the powders n'cently 
precipitated do not react if dried at l(X)", but they do so if moist. W. Skey further 
adds that many other metal sulphides decompose calomel— c 7 auric sulphide forms 
gold and mercuric sulphide. A. Vogel stated that cold sulphurous acid colours 
mercurous chloride grey, the boiling acid black. He added that no im'rcurv can be 
detected in the black precipitate, and he assumed that a mercury SUbcMoride is 
formed, but E. Divers and T. Shimidzu say that no subchloride is formed, and that 
with purified materials the reaction is so slight that “ we doubt whetluT th(*re is any 
reaction at all between true mercurous chloride and sulphurous acid.” . 1 , A. Bmythe 
and W. Wardhiw found that sulp];iur dioxide oxidizes mercurous to mercuric 
chloride : SO. f 4H0l4-4HgCl==-4ngCl24- 2H2O+S ; L. M. Stewart and W. Wardlaw 
found that there is a definite acidity at which the mercurous ( hloride is not changed, 
'and with less than O OlGiV-HOl, mercurous chloride is reduced incomjiletedy to 
mercury. L. ?. de St. Gilles says that alkali sulphites blacken mercurous chloride 
converting it into mercury, and a double salt of mercury and the alkali. C. Jones 
and W. Kirman say that some mercurous sulphite is formed ; with a mol of sodium 
sulphite and one of mercurous chloride, half the mercury separates as metal, and half 
forms the double salt Na2Hg{S03)2, which is partially precipitated if a cone. soln. 
of sodium sulphite be employed. A. Vogel stated that sulphuric acid neither 
dissolves nor decomposes mercurous chloride, even after standing together for a 
long time ; but that the hot acid dissolves the salt giving off sulphur dioxide but no 
hydrogen chloride, and leaves a residue of mercuric chloride and sulphate, the 
former of which partially sublimes. H. Rose noted that the vapour of sulphur 
trioxlde is absorbed by mercurous chloride, forming a transparent mass. G. C. Witte 
stein found that mercurous chloride dissolves in a soln. of ammonium sulphate ; 
while M, Pettenkofer found that a soln. of potassium suliihate has no action. 
A. Vogel noted that when boiled with caldum sulphate, men-urous chloride forms 
mercuric^ sulphate and calcium chloride, and he adds that sodium sulphate behaves 
in a similar manner, F. Faktor reported that a soln. of sodium thiosulphate 
dissolves mercurous chloride, and the soln. gives a black precipitate when warmed ; 
and J. Schnauss, that mercurous chloride is partially reduced to metallic mercury 
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8uI]!liKte^ partly dissolved to fonn a ciysttllicablo double tbio- 

^ayg that mercurous chloride is blackened by a soln. of potilduill 
mtlite, when the proportion of the former is small and of the latter large— the 
blackening is due to the separation of nien urv and a mercuric salt pastea into soln. 
According to P. F. G, Roullay, and A. Vogei, cold idtiio add has no apjireciable 
action on calomel, but the hot acid dissolves that salt, forming nitric oxide and a 
mixed soln. of mercuric chloride and nitrate : GHgCPl 8HN03=^-:iHgClj+3Hg(N05), 
H-SNO-j-'lHgO. According to S. Schlcgingcr, this reaction occurs only with the 
cone, and warm acid. G. C. Wittstein says mcn'urouH chloride iswiluble in a soln. 
<?f ammoniam nitrate ; H. IXdiray, in hot soln. of mercurous and merouiio 
nitrat^ and that it crystallises from the former on cooling ; H. W. F. Waekeuroder, 
and K. Drechs'd also noted the solubility of calomel in sola, of menniric nitrab' ; 
and M. PettiMikofer says that a soln. of potassium nitrate has no action. 

G. Gore, and E. C Franklin and C. A. Kraus found that mert'urous chloride is 
soluble in liquid ammonia \ <^ud U. . 1 . Kane not<‘d the bluekening j)rodnecd when 
aqua ammonia acts on the salt, and he believed the product is dimrrrurouft 
ammonunn clilornU^ UgXllNlIo), whde If. Rose, and F, Isainbert believed it to bo 
an addition jiroduet, mercurous ammino-chloride, IfgCl.Nlla. With ordinarily 
dried mabTials the ac'tion is slow ; it is probable, said J. Sen, that thoroughly dried 
ammonia and mercurous chloride will have no action on one another, altliongh the 
black product was shown by (\ Rarfoed.and 11 . Saha and K. N, (’boudhuri to be a 
mixture of mercuric cidoroamine, Ug{Nll2)(1, with metallic mercury : 2Hg(l4 2NH5 
-=llg f Ilg(NH.2)('l-|-NH4Cl. This opinion tliat the so-called black prmpiiaie 
is a mixture of metallic mercury with mercuric cidoroamide m based on the (discrva- 
tion of H. Saha and K. N. Choudhuri that tin* lattor conqiound can be 8e])arat/<*d 
from the mereurv in virtue of its solubility in <‘onc. n<pia ummotiin, ami onC. Rarbwd’g 
observations that (1) Nearly half tin* mcreury wliieh the precipitate contains dig* 
Hppi'ars as vapour when the precipitate is freely exposed to air, tin* (‘xposure lieing 
under conditions whieii render chemical deconqiosition most, imjirubable ; tho 
jirecipitate at the same time loses ita dark colour. (2) Exactly half the mcreury 
exists in the preeijutate uncombined, but do«‘a not ail disajipear as vapour, berauae 
a little of it acts on the rest of the precipitate, becoming fixed. (li) The whib* or 
pale compound left after the mereurv has evaiiorated is the same ns that precipi- 
tated by ammonia in a soln. of the <‘orrc8ponding mercuric salt -rtr. llg(NH2)Cl. 
( 4 ) The dark precipitab's are, therefore, not im'n'urous ammonium coiiqmunds, 
as heretofoHi stated, but mixtures of mercuric chloroarnide and mercury. 
J. G, F. Druce supposes the black preripitab* to be a conqKiund beeaum} when* 
rubbed on copper, it does not amalgamate or jKTceptibly affect that metal, but labir 
he formulated the reaction 2Nll40H-l-Hg2<l2~-NH2HgCl-f NIl4EI-|-2H20d'Ug. 
The mercurous ammino-chlorides have l>een studied by .T. ikm, C. Harfoed, E, Cohen, 
eto. According bj C. Barfoed, and H. Saha and K. N, Choudhuri, the black product 
obtained by H. Rose by exposing sublimed mercurous chloride, t^o ammonia gas is 
not mercurous ammino-chloride., HgCl.Nll3, as was once sujqmsed, but rather a 
mixture of free mercury with mercury amido-chloride, ng(Nll2)Cl. F. Isambert 
measured the dissociation press, of the black product. K. A. Hofmann and 
E. C. Marburg made mercoiOlU hydrazine chloride, (llgCl)2N2H2, by shaking a 
mixture of mercuric chloride with hydrazine sulphate or chloride in aq. soln. 
M. Adams says that an aq, soln. of hydraxylamine hydrochloride dissolves freshly 
precipitated mercurous chloride without forming a c.ompound, and that a soln. 
of hydroxylamine in iflethyl alcohol gradually reduces mercurous chloride. 

J. L. Gay Lussac and L. J. Th^nard noted that when mercurous chloride is heated 
with phosphorus mercury is liberated without disengaging chlorine, and H. Davy 
found that the vapour of jdmphorm converts mercurous chloride into mercury 
phosphide, and phosphorous chloride. According to A. Baudrirnont, phosphorus 
perdachhride converts mercurous chloride into the mercuric salt, which then unites 
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with the excess of phosphorus pentschloride, fonnii^ a compouna 3 mCi£. 2 FC^ ; 
phosphorus trichloride is liberated during the reaction. When heated with one- 
third its weight of arsenic, F. Capitaine obtained a sublimate with yellow tetrahedral 
crystals of arsenic mercuri-chlorkie, AsHgCl, a comjiound which is decomposed by 
hot water, forming an amalgam with arsenic, arsenious oxide, and hydrogen chloride ; 
it is also decomposed by heat into mercury, arsenic, and aiwnio tmhloride. 
According to Z. Klemensiew^icz, mercurous chloride does not dissolve in molten 
antimony trichloride. 

J. L. Gay Lussac and L. J. Th^nard ^ reduced mercurous chloride to the metal 
by heating it with carbon, and W. A. Lampadius also decomposed the vapour of 
calomel by red-hot carbon. According to F. von Kiigelgen, mercurous chloride 
reacts with about one-seventh its weight of calcium carbide when warmed to start 
the reaction ; the whole mass then glows red hot, but the reaction is so slow that most 
of the mercury remains with the slag. C. W. Scheelc found that an aq, soln. of 
hydrocyanic acid blackens mercurous chloride furnishing metallic mercuiy, mercuric 
cyanide, and hydrochloric acid, a reaction which L. Mailhe, and E. Riegel repre- 
sented by the equation : 2HgC1^2HC)'=ng4-HgCy2+2HCl. E. Kegimbeau says 
the black colour is a mixture with mercury as a kind of emulsion. The reaction 
is much more comjilex than this equation assumes. J. A. Buchner says a part of 
the mercurous chloride remains undecomposed, and L. Fouquet, that the acid which 
is produc(‘d brings the reaction to a standstill if it is not neutralized, for while, 
hydrochloric acid is displaced by hydrocyanic acid in dil. soln., the reverse action 
occurs with cone. soln. D. Vitali says no nfercuric chloride is formed ; 
M. 11 . Ueschamps says some ammonia or ammonium cyanide is produced ; L. Mailhe 
says formic acid is produced ; B. Soubeiran, and M. H. Deschamps say an organic 
compound is also formed ; A. A. B. Bussy and H. Buignet, and E. Esteve say that 
some mercurous chloride is converted into mercury and mercuric chloride, and the 
lattice jiasses into soln., but if sufiicient hydrocyanic acid is used, the reaction is 
quantitative. E. Wollschlager believes the first action with dil. hydrocyanic acid 
can be represented ; 2 lIgCI f HCy=Hg-f-HgOyCl-f HCl. M. Beranger, however, 
thinks the presence of mercuric chloride is doubtful. M. Cheynet emphasized that 
the association of preparations of hydrocyanic acid with calomel in medicines may 
give rise to chemical reactions in which mercuric cyanide is formed, but this is 
not more toxic than the hydrocyanic acid which it replaces ; and G. Patein hw 
shown that tlie toxicity of a dil. soln. of hydrocyanic acid - 14 grms. per litre — is 
virtually the same as it is in contact with a great excess of calomel when the^ 
acid formed in the lattice case has been neutralized. According to A. Ditte, calomel 
^.is decomposed by a cone. soln. of potassium cyanide, forming a potassium mercuric 
cyanide, potassium chloride, and mercury by an exothermal reaction. E. Pollacci 
said that hydrothiocyanic add, HSCy, is present in the saliva, and reacts with 
calomel and forms mercuric thiocyanate. 

Mercurous chloride gives up its chlorine to many of the base metals both in the 
dry and humid states. J. L. Gay Lussac and L. J. Thenard 21 reduced calomel to 
the metal by heating it with potassium or sodium. When boiled with copper and 
water, A. Vogel noted that the soln. becomes green and the copper is covert with 
a black film from which hydrochloric acid extracts copper oxide leaving a residue 
of mercury, and H. Bonnewyn noted that a clean strip of copper is not changed in 
.contact with calomel wetted with alcohol or ether, but if as little as 
mercuric chloride be present the copper is blackened. According to K. Hubert 
and A. Schmidt, when calomel is heated with filings, mercu^ and some 

magnesium amalgam are formed ; when the two suspended in water are boiled togethw 
the calomel is reduced to mercury ; but in contact with magnesium and hydroc^ric 
acid, calomel is but slowly attacked, and after a long time some mercury oxide ia 
formed. H. Hose also says that calomel is reduced to mercury when boiled with 
many metals, but not with zinc. The heat of formation of mercurous chlonde is 
greater than that of silver chloride, and the reduction of mercurous chloride bj^ 



ummx 


tii 


tiher is th^fore an exothennal process^ and J. N. Brdnstod measured the potential 
ff, and the temp, coeff. dir/dT of the cell Ag | AgCl, KClat,., HgCl | Hg, and hence 
calculated f/, the heat effect of the reaction Ag-f Hgt'l— Hg-f Aj^ from HeIn»holta’s 
equation : rfdtr/dr)— ir—f/, and found it to riw from 1300 caU. at 23“ to 1500 caU. 
at 80*. F. Pollitier’s value is too low. A. Colaon showed that the reaction 
between silver and mercurous chloride in a w'aled .vacuous tube between 160 
and 300* is a reversible n‘action limited by the pn*.ss, of mercury vap. 

According to R. J. Kane,** when calomel is heattnl with dry hydfwndei^ 
or the oxides or hydroxides of the alkaline earths, mercury, oxygen, and the 
alkali chloride arc formed : 4Hg(3+'tKOH~4K014 21120 f 0,^ 1 4Hg : and with aq, 
soln. of the alkali hytlroxides black mercurous oxide is formed : 2 Hg(34'2KOH 
=Hg.204-H204-2KCl. J. A. Buchner not(‘d that the filtrate* still retains some 
mercurous salt, and I. Bhaduri addtd that the, decomposition is incomplete, but 
progresses nearer completion by raising the temp. ; and it can be completed 
by raising the temp, to the b p., and rt*peating the o|M*ration with fresh alkali. 
C. Barfoed argued that the precipitate is a mixtun* of mercury wit h mercuric and 
mercurous oxides in varying proportions, and not of mercuric oxide and mercury ; 
sometimes as much as 81 per cent, of meix'urous oxide is present. The mercurotui 
oxide is oxidized by air at ordinary temp, in light and in darkness. The pn‘cipitat« 
gradually becomes paler owing to the volatilization (not oxidation) of the finely 
.divided mercury. W. Herz measured values of ~ [K0H]*/[KCl]* and of 
Ki~[K0H]/[KCl] in the balanced reaction : 2Hg{34"2K0H?^Hg204-2KCl*f H*0, 
and found at 25“ for A'j, niimllcrs ranging from 0‘()152 to (>‘0156. 


According to A. von Dieterich and L. Wohlor, if OOOIA^-KOH to wliich phenol* 
phthalein has bf‘«*n a^idiHl, l)o Hhaken with mercurous chloride, the nnl colour dis- 
appears on account of neutralization, and the mixture l)ecx)m<« 8*^^ 
the formation of mercurous hydroxide (HgCI-l OH'*“HgOH -f-Cl ). 0'01A?-KOH 

mercurous chloride becomes grey, but the red colour produoeti by phonolphUiiUem w not 
destroyed l>ecau 80 the chlorine ions reach such a cone, tliat the above ** 

The ad<htion of potawiura chloride produces the same effect on the 0 (H)lA'KOli. If a 
few drops of a sat. soln. of fKitaHsium chloride bo addtxl to the dihito potassium hydros ido 
soln which has Unm shaken with mercurous chloride, the red colour w renroduced. A 
mixture of equal volumes of UOIA’ KOH and sat. potassium chloride soln. has no 
on morciirouH chlCndc, which remains pcrfwtly white, li any of ibe^ soln., to which 
mcrcurf)us chloride has IxHm ailded without causing the disapi)earance of the nd colour ol 
the phenolphthak'in, bi' wannM, the red colour disapijoam and reapyiearB on cooling. 

H. Hager says that soln. of sodium hydrogen carbonat4>, NalK'Oj, do not alter 
calomel, but if a trace of normal sodium carbonate, NagCOg. bo present, the calomel 
becomes grey. The reaction with soln. of medium carbonate ii ^ symbolised 
2HgCl+N%<^<^=Hg2C(3,4-2Naa, and, according to G. Patein, 

Bodium chloride acx:eleraU*8 the decomposition. W. Hers found at 2.) lor A 
—fNaoCOsl/rNaCl]*, numbers ranging from 1‘30 to 1'65. G. Vulnius has studied 
the transformation of mercurous into mercuric chloride when mix^ with sugar and 
sodium hydrogen carbonate. G. C, Wittstein reported that soln. of omwomuw 
carbonate colour mercurous chloride grey and quickly dissolve it, leaving a small 
residue of metollic mercury. According to J. A. Buchner, wi^nmum carhop 
has no action on calomel in the presence of cold water, but when Iwiled, carbon 
dioxide is evolved, mercury separates out, and a soln. of magpi^imn 
chloride is formed ; while, according to A. Vogel, when calomel is heated with 
water and magnesium or ooZetum carbonate the action is similar, and mercurous (or 
mercuric) oxide, calcium chloride, mercury, and carlion dioxide are formed ; banum 

and sfrofifiMmtwrhonol^ act similarly, but the action is more feeble. , . 

A. Vogel found that a soln. of etannous chhride reduc’ed calomel to tho 
metal slowly at ordinary temp., and rapidly when heated. F. (Japitemeqprej^red 
dendritic crystals, ftamiOIIS 8nC]«.2HgCl, by heating 76 pet 

cent, tm amalgam with merctuous chloride. 

The mixture of the tin onidgam with «x times its weight of mereurous ehlocide is 
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heated to about 260® ih a large glass retort. When the frothing ceases, the retort is ciwled 
and then broken. The grey spongy mass is separated from the mercury and' pulverized. 
The powder is heated in a stopper^ flask to a temp, not exceeding the b.p. of mercury. 
When the fumes of stannous chloride have ceased to come off, the desired salt sublimes, 
and stannic chloride and mercury remain behind. The flask is broken to cool the sublimate. 

When the salt is heated part decomposes and part sublimes ; when treated with 
water there is some decomposition and mercury separates. The butyrum stanni 
of the alchemists contained variable proportions of stannous and mercurous chlorides. 
W. von Gulewitsch prepared aluminium benzene chloromercurite, AlCl 3 .HgCl.CeHg, 
from a benzene soln. of the component salts. J. Schnauss 23 said that a mixed 
precipitate of silver and mercurous chlorides is not sensitive to light, and likewise 
the ])recij)itat-e obtained by adding a soln. of mercurous chloride to one of silver 
nitrati*, for it, too, always contains a little mercurous chloride. H. C. Jones obtained 
a white powder, which has been regarded as AgCl.3HgCl, by the action of silver 
amalgam on mercurous chloride. The yellow or red earthy mineral fwrdosile from 
Chili is regarded as a compound AgC1.2HgCl. H. C. Jones made a jiroduct considered 
to be gilver dichloromercurite, IlgCl.AgCl, by triturating precipitated silver with 
a large excess of mercuric chloride, and after 3 or 4 weeks, heating the mixture in 
a long-necked flask for 12-20 hrs. on a water-bath. The product is separated 
from silver and mercurous idilorido by levigation with water. The white product 
has a sp. gr. 6‘41)5 ; it is blackened by ammonia. According to H. C. Jones, it is 
probable that NHAgHg 2 Cl and NH 2 AgHgCl are formed. According to N. Antoni 
and G. Turi, the blackening is due to the formation of metallic silver. Cone, 
hydrochloric acid e.xtracts half the mercury. 

C. Meiiu'ke said that mercurous chloride is oxidized to the m(*rcuric salt by 
ferric mils, and also, but more slowly, by ‘potassium permanganate. 0. Aschan and 

G. Boreriius 24 atatn that 95 per cent, /brmic acid dissolves 0 02 per cent, of mercurous 

chloride which has been dried at — so that 100 c.c. of the soln. contain 0‘018 grra. 

of HgCl — water alone dissolves but 0'0003 jier cent, of HgCl, and calomel is reduced 
to the metal by a boiling soln. of potassium formate. According to G. Patcin, 
alkali acetates act like the chlorides. J. Schoras found calomel to be incompletely 
reduced when heated with oxalic acid, but in sunlight, the reai'tion progresses to an 
end. H. Zilgien noted that when 3 drops of lactic acid and 25 c.c. of aqua ammonia 
are added to () ()5 grm. of calomel suspended in 10 c.c. of water, 0*008 grm. is con- 
verted into mercuric chloride- -neither ammonia, lactic acid, nor ammonium lactate 
act in this way. 

Calomel was formerly said to be insoluble in alcohol and ether ; according to 
«R. Vivo and^. Budde,23 calomel is partially decomposed by 90 per cent, alcohol ; 
J. L. Lassaigno detected no mercuric chloride in the ether extract of calomel ; and 

H. Maclagan says that alcohol, ether, and chloroform dissolve very small amounts 
of mercurous chloride which is at the same time decomposed. L. I. Shaw has 
measured the conductivity of soln. of calomel, in methyl alcohol, acetic anhydride, 
acetone, ethyl acetate, acetyl chloride, epichlorhydrin, dimethyl sulphate, 
benzonitrilc, aniline, and salicylaldehyde. 

F. B. Hofmann found that when calomel is shaken with water, and benzene, 
toluene, or chloroform, the powder is retained at the surface of contact of the two 
liquids owing to the partial wetting of the powder by both liquids. H. von Euler 
and G. Zimmerlund studied the adsorjition of mercurous ions by mercury from 
soln. of mercurous chloride. 

Calomel is insolublo in oee/ons and hemonitrih (A. Nauraan^, and L. I. Shaw said 
soluble) ; tthyl acekUt (M. Hamers, and L. I. Shaw said soluble) ; pelroZ dher, dtcane, 
hexane, or carbon disulphide (W. von Gulewitsch) ; calomel is sparingly soluble in ntiro- 
methane a\ ordinary temp. (J. Kozak and G. Mariasz) ; in a soln. of ammonium succinate 
(G. C. Wittatfiin) ; in chloroform, bromoform, ethyl bromide, and ethylene bromide (O. Sulo) ; 
calomel is soluble in benzene and other aromatic hydrocarbons, amylene, caprylene, and 
(uiTienltns (W. von Gulewitsch); pyrtdme (A. Werner). According to 8. J. Bendiner, a 
mixture of calomel and iodoform decomposes at ordinary temp, in light even when the 
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n ^ luixture hM tiood for aomo iimo, toeordintf to 

*“ ronv^rtod into » mixturo of cklbn^orm and merouiio 

An«« V ®ttd A. Mmto uoU>d tho formaUoii of a rryatallmo compound with oxatnide^ 

IJorlmetio, colomoi fomii coloured compounds with tha 
01 9utn^, but not with the alkaloid itwdf ; it altio rcaola liinilarly wilJi pdot^>iH«, 
^tne, md h^rvtne, E. I'ollaivi wiya it w not nxluml by /orwo/dWiydf . «rio ftcid, hippuric 
I t ^ihba found calomel ia blw'kcncd by liquid tMthjfiamine^ and 

crystals arc formed when tho soln, is eoolid with liquid onunonia. 


Calomel is the hydrargyri suhchloriduin of the phanuacopu'ia ; it in ciupIojrtMi 
in making salves with lard it forms the ungenium hydrargyri suheJilondt of tho 
pharmueopoDia. If pure it is not toxic, but in presence of chlorides many regard it 
aa a poison. Mixed with untimony sulphide guaiacum resin, and castor oil, it is the 
pilula hydrargyri mbchloridi compo»ila or Plummer’s pill of the j»harmucoj)a*ia used 
as a purgative. 
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§ 12. Mercuric Chloride 

The history of mercuric chloridi*, HgOlo, or corrosive sublimate, has been 
discussed in the*, preceding 8e<-tion. L. Besnou ^ reported its occurrence in the 
Atacama des(‘rt (I(|uu|ue), and A. Frenzel in the volcanic district of one of the 
Molucca Islands ; but there is room for doubt since the re]»orts are based on a 
few qualitative trials. 

The preparation o! mercuric chloride.— (1) By chlorinatiny mercury.- A r 
indicated in conue(‘tioii with mercurous chloride, mercuric chloride is formed by 
heating mercury in an excess of chlorine gas. ( Gbpner made it by shaking mercury 
with chlorine hydrate ; and C. L. Berthollet, by passing a current of chlorine into 
a vessel containing mercury and water, A. Lottermoser prepared what he regarded 
as colloidal mercuric chloride by the action of chlorine water on a colloidal soln. 
of mercury tiutil the liquid became colourless. E. Trutzer introduced chlorine 
under a small press, into a closed vessel containing mercury with or without water 
or other liquid medium, and kept continuously agitated so as to prevent the forma- 
tion of a protective skin on the unattacked mercury. The temp, (say 20®) is kept 
below the volatilization point of mercury. The Saccharinfabrik patented a process 
for preparing mercuric chloride in which chlorine is passed through a quartz tube into 
boiling mercury contained in a quartz vessel. The mercuric chloride vapour is 
carried by a current of cold air into a condensing tower, where it collects in a 
voluminous mass of acicular cry.stals fiee from calomel. E. G. Moeys heated 
mercury, h^'drogen chloride, and a silicate to the sublimation temp. The silicate 
acts as a stimulant and may he used over again. Mercuric chloride is also formed 
when mercury is dissolved in hot hydrochloric acid containing a little nitric acid, 
and the mixture warmed until the precipitated calomel is rejlissolved ; the crystals 
obtained on evaporating the soln. are recrystallized from hot water. L. Mailhe 
detected the formation of mercuric chloride when an aq. soln. of ammonium, 
potassium, or sodium chloxide is allowed to act on mercury in the presence of 
air. A. J. von Oettingen denied this reaction, but it was confirmed by K. Voit. 
The reaction was regarded as of great importance as offering a possible explanation 
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o(‘ the phyeiological action of mercury, and the insoluble m^uroua compounds 
on animals and man. 

The process described by the Latin-Gebc'r in the thirteenth century was in use 
for a long time. Gcber said ; 

Thoroughly mix a pound of mercury, two ixtundo of vitriol, a pound of oaloincd rook 
alum, a pound and a Iv^l of conunon aalt, and a fourth ]>4trt of ealtjwtrt*, and than aubliuia. 
Collect the white and dense product which oollecta on the upp4'r parte of the vomniI. ... If 
the product of the first sublmtaiion be turbid or unolt'an- which may l)c the result of your 
own negligence- it must be reaublimod. 

According to G. F. Hildebrandt, in the old Dutch process, thn'c parts of mercury, 
two of sodium chloride, two of nitre, and four of calcined ferrotw sulphate were 
triturated together, and then sublimed: Hg-f2Na('H 2KN()3-f Fe20(S04)j| 
=Na2S04-|-K2S04-|-Fe20j-f HgC'i2-f 2NO2 ; the nitrous fumes were condensed 
in receivers containing water, and sold as sublwuUv water for the preparation of 
mercuric oxide— the nitre, added G. F. llildebrandt, served no useful pur]K)se. 
A. F. dc Foureroy (1792), and P L. Geiger rt'coiumended similarly treating a mixture 
of 10 parts of meRury, 8 of sodium chloride, 6 of mangauesi' dioxide, 1 1 of suljiburic 
acid, and 3 of water: Hg-f*Na('l-|-Mn02d'-lfsl^04 - HgCl^ f Nas;S04-f-Mu804 
-f-^H^O—the yield, added P. L. Geiger, is 12 24 parts of corrosive sublimate. 
T. Fairley converted calomel into mercuric chloride by boiling it with an acidiliiHl 
Boln. of an alkali hypochlorite. V. Schantz passi'd mercury through an atm. of 
chlorine into a bath of a lu|uid which does not readily absorb chlorine. 

(2) By chlorinating niernme oxide. — E. Pelouze projected mercuric oxide into a 
flask of chlorine ; the formation of mercuric chloride was accompanied by the disen- 
gagement of heat and light. It is also formed when mercuric oxide is dissolved in 
hydrochloric acid ; J. J. Bi*rzeliuH, L. Mailhe, and J. Fouberg, obtained it by heating 
.mercuric oxide with a soluble chloride, e.g., mercuric chloride is formed when 
either mercurous or mercuric oxide is kept m contact with a soln. of sodium chloride 
between 40*" and 50® for say 24 lirs. The liquid becomes alkaline owiiig to the 
formation of sodium hydroxide : Hg04'2NaCl4-I4^~2Na0H-f HgfJl^. *f. J. Ber- 
zelius used a soln. of inagnosimn chloride and found some magnesium hydroxide was 
precipitated ; K. Wagner recommended the mother liquors (magnesium chloride) 
from carnallite ; C. Hochstetti'r used a soln. of calcium chloride, and calcium 
hydroxide was precipitated. J<. H. F. Melsens, and J. Fonberg noted that if the 
chlorides of the alkaline earths are used, the excess can bo removed by passing a 
current of carbon dioxide. H. Hose noted that mercuric oxide slowly precipitates 
manganese quantitatively as manganese oxide from soln. of manganous chloride ; 
lead oxide from lead chloride ; zinc, oxychloride from zinc chloride ; cupric oxide 
from cupric chloride ; nickel oxide from nickel chloride ; cobalt oxidtf from cobalt 
chloride ; and a ferric oxychloride from ferric chloride. J, R. Spielmaim, and 
P. F. Delkeskamp sublimed a mixture of mercuric oxide with ferrous sulphate and 
sodium chloride. 

(3) By the double decomposition between chlorine or the chloride or other mercuric sail. 
— Mercuric chloride is formed during the double decomposition of mercuric salts by 
a metal chloride — e.g. A. G. Motmet made it by the action of an aq. soln. of sodium 
chloride on mercuric nitrate. The reaction between soln. of mercuric sulphate and 
sodium chloride is exothermal. E. Rupp and W, Klee add that the product obtained 
by treating mercuric sulphate with barium or cah;iuzn chloride is not satisfactory 
since basic salts are formed which contaminate the product. L. Mailhe also made 
mercuric chloride by the action of soln. of the metal chlorides on various mercurous 
salts— e.^. by a soln. gf sodium chloride on mercurous chloride, bromide, iodide, 
nitrate, or tartrate. A boiling cone. soln. of mercurous nitrate is mixed with code, 
hydrochloric acid so long as precipitation occurs ; and the precipitate is boiled 
with as much hydrochloric acid as was used in its formation : HgNOs+2H01 
tsHgClj-fHjO-fNOj. The crystals of mercuric chloride separate on cooling, 
and they can be recrystallized from hot water. 

VOL. IV, 3 0 



818 


INORGANIC AND THEORETICAI/ CHEMISTRY 

J. von L. Kunckel; and 0. F. Bouiduc heated equal parts of mercurous sulphate 
and sodium chloride. This process is employed on a manufacturing scale. A little 
manganese dioxide — about one-tenth of the weight of mercurous sulphate employed 
— is preferably added to J. von L. Kunckers mixture to prevent the formation of 
calomel from the mercurous sulphate which may be present. The manganese 
dioxide reacts with the sodium chloride, giving off chlorine which converts mercurous 
to mercuric chloride, H. Ffeck says that if the sublimation be conducted in an 
atm, of hydrogen chloride, the product will be free from mercurous chloride. 

Tho mixture in sublimed on a large scale in long-necked glass balloons which are placed 
on iron plates, Hurroimded up to their necks with sand and gently heated to dnve off 
all tho moisture. While tho contents of the glass subliming pots ore being dried, hoods 
loading into a flue are placed over the necks. The hoods are then replaced by small inverted 
comeal condensers and sufficient sand is removed to uncover the upper half of the body of 
tho flask. Tho heat is increased until the whole of tho mercuric chloride has sublimed, 
and finally raised sufficient to make the crust of sublimate coherent, but not to melt it. 
When cold the glass balloons are broken and the cake of sublimate removed. A little less 
volatile calomel may collect on the lower part of the cake ; this is removed and added to a 
subsequent sublimation. The operation is conducted in a good draught because of the 
very poisonous character of tho fumes. 

E. F. Aiitliou proposed to aublimc a mixture of calomel with an excesa of potassium 
bisulphate and sodium chloride. H. Boerliaave subliinod a mixture of mercuric 
nitrate, sodium chloride, and roasted ferrous sulphate. 

W. Sieve.rs saturatt'd a soln. of mercuric nitrate of sp. gr. 1197 with chlorine gas, 
and recrystallized the jirecipitated mercuric chloridi? many times from hot water. 
E. Chauvenet found that carbonyl chloride, COCI 2 , at 350®, converts mercuric 
sulphide, very rapidly into mercuric chloride. R. Wagner treated mercuric 
sulphate with hydrochloric acid, and after crystallizing out the mercuric chloride, 
he used the mother liquid to redissolvo more mercury ; or he treated mercuric 
sulphate with barium hydroxide, and extracted the mercuric oxide with hydro- 
chloric acid. 

Mercuric chloride can be ti'sted for impurities in the following manner : A soln. 
of 5 grms. of mercuric chloride in 100 c.c. of water and 5 c.c. of hydrochloric acid 
of sp. gr. 1 i 24 is treated with hydrogen sulphide until all the mercury is precipitated ; 
the clear filtrate, when evaporated to dryness on the W8t<*r-bath, should not give a 
wcighable residue. The precipitate can be agitated w'ith 5 c.c. aqua ammonia, and 
45 c.c, of water and filtered ; if arsenic be absent, the filtrate will not give a yellow 
coloration when acidified with hydrochloric acid. If calomel be absent, a gram 
of the sample should dissolve completely in 25 c.c. of ether. 0. Wolff noted that 
itho orange ily,orc8cencc of some specimens of mercuric chloride is due to the contained 
mercurous chloride, and that the latter compoimd is always formed during the 
sublimation of mercuric chloride. 

W. L. Hardin ])urifiod mercuric chloride by dissolving it in hot water, filtering, 
evaporating to crj'stallization, drying the crystals, and then subliming them from a 
porcelain vessel into a glass tube ; and repeating the whole process once again. 
Some prefer to conduct the sublimation in a stream of dry chlorine so as to ensure 
the conversion of mercurous to mercuric chloride. K. Charitschkoff made colloidal 
meroorio chloride by the action of hydrogen chloride on a soln. of mercuric 
naphthenate in a hydrocarbon containing an excess of naphthenic acid. 

The properties 0! mercuric chloride.— Commercial sublimate usually has the 
form of a translucent crystalline crust. W. J. Luezizky ^ says that the sublimed 
crystals are bipyramids belonging to the rhombic system, and have axial ratios 
a lb: c=0‘7251 : 1 : 10697. E. Mitscherlich and H. J. BrOvke also measured the 
crystal constants (Fig. 11) ; E. Mitscherlich and W. J, Luezizky obtained crystals 
with the habit illustrated in Fig. 12, by slowly cooling hot alcoholic or aq, soln. 
with a little zinc chloride in soln. The latter addition was also recommended by 
J. W. Retgers. H. Arctowsky obtained plate-like crystals by heating aq. soln. in 
a sealed tube to 130®-200® ; and W. J. Luczixky obtained crystals with the habit 
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illuHtrated in Fig. 13, Irum solu. of mercuric chloride and bryniide. ActMirding to 
W. J. Luczizky, and J. S. van Neat, it exist# in two diffenuit rhombic (onus of different 
stability, the normal stable form, and with mixtures of mercuric broiiiide. U. Mart' 
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has studied tile speed of erystullizatiou from inp soln ; and K. h, I'anuiu the 
erystallolumiiiesi eni'e of the mercury halules. 

The n porUil value.a of the specific gravity vary from J. II. Hassenfratr/s < 
51308 lo L. I’lavfair and J P Joiile'sO 223. J. S. van Nest s value 5'lo j n 025 (20 ) 
is fairlv reprewMilatu.-. N. OrlolT gave the molecular VOlume, .W O?. I'. Tourueux 
gave :> 13 for the sp. gr. at 1.5 /15 ', OiHI for the sp. vul., and Trt) for the mol. vol. 
II. \\. Foot(‘ and N. A Martin gave 4 ‘36 for the sp. gr. of tlni moIOui salt at 282'' ; 
and, ai cording to K B. U. Pndeaux, the sp. gr. of the Inpiid falls from 4‘3y8 at 
281' to 1 238 at 357', and for 0 between 28tr and 335", the sp. gr, 
/) -I KK) (I002218(d- 2ai). UK) vols. of the element# at 8(K) mm become ItlPO 
on eomlm.stion ; at 750 mm., loi a ; and at 50 jO mm., 101'7 ; and the sp gr. 4-380 
of imTeurie chloride at 500 mm. press, becomes 4‘348 at 70H mm., and 4-330 at 
8t)(» mm. W. Blitz gave 49 8 for the mol. vol. A. Ueis and L. /immermann gave 
2-(» for the hardness. 

Tlio meltiDg point given by J. S. van Nesi^ is 205 ; by H. Kempf, 283*'; 
273^ bv J. C. G. de. Marigiiae ; by W. P. A. Jouker, and by T. Garnelley ami 
W. C Wilhams, 277^ The latter says that if the supennenmhent press, is lielow a 
certain minimum value, called the critical press., it is impossible to luelt mercuric 
chloride, ice, etc. The boiling point is 302-5'', according U) F. M. G. Johnson ; 
302 5'^ according to T. Carnelley ; 290'', ai cording to J. G. G. de Marignac ; ami 
according to F. Fre.yer and V. Meyer. The m.p. and b.p. aie thus fairly close 
together, and at its in ]>. mercuric chloride rapidly volatilizes. M, Faraday, 
li, Arctowsky and 0 Z<mghelis said that this salt volatilizes perC/i'jitihly at ordinary 
temp., while E. Ui.-gel said tliat neither the solid salt nor thc‘ h\. soln. losi^ 
mercuric (ddoride hy volatilization at ordinary kmp. L. Vignon rejiurted a loss 
of 4 per ('(‘lit. during 00 hrs’. heating at 80" ; 0. Suh’, 0'3 jier cent, during 0 hrs . 
at 101-5" ; and H. Arctowsky found layers 2 mm. decj) in similar dishes 2 crus. 
diameU’F lost in 20 hrs. O’OOll grm. at 50 5" ; 0’tXj89 grm. at 79 ; and 0 28 grm. 
at 125". 11. Kempf noted the volatilization is much more rapid under reduced 
press. W. A. Hargreaves and W. T. Rowe took advantage of tne low volatilizing 
temp, of mercuric chloride to I'stimate the amount employed with some explosives— 
gelignite, blasting gelatine, etc. The explosive is ground up with an equal weight 
of French chalk, and heated in a glass flask in a water oven while a current of air 
is aspirat(!d through the flask and then into an absorption apparatus containing 
dil. sulphuric acid, which collects the mercuric chloride. 0. Sulc noticed that 
when an aq. soln. ofgncrcuric chloride is evaporated some of the salt is volatilized 
with the steam, and this the mon*, according to A. Minozzi, the more exme. the soln. , 
but E. Esteve said that the cone, has little or no influence while the fq^m of the 
vessel has a marked influence. M. Lehmann, F. Utz, and J. Volhard noted that 
the presence of sodium chloride prevents the volatilization of mercuric chloride from 
alcoholic soln. G. H. Bailey also noted that the volatilization of mercury chlonde 
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occurs during the evaporation of ethereal as well as of aq. soln. L. Rotinjanz and 
W. Suchods^ compute the critical temperatuie to be 703°, and H. Rassow found 
703°. The value calculated from T. E. Thorpe and A. W. Rucker’s formula 
273)/2(l^fc“ 1), where Ti, denot<;s the absolute b.p., 577 4° K. ; and the 
sp. vol. at the b.p. C. M. Guldbcrg found the ratio Tb/Te, where Tc denotes the 
aosolute critical tcinp, is approximately equal to 0 67 for a number of corresponding 
liquids ; for mercuric chloride, Tft/Tc=0‘59. M. Pnid’homme, and E. van Aubel 
studied the relation between the critical temp., the b.p., and the m.p. 

The vapour pressure has been measured by V. von Richter (200°-279°), 

E. R. K. Prideaux (from 286 1° to 309 0°), and F. M. G. Johnson. The last-named 
gave for the vap. press, p in mm. of mercury at 

162® 195® 231® 256® 262® 275® 278® 288® 802* 

p . . 3 20 82 198 237 376 421 481 764 

When plotted, there is a distinct break in the sloj)C of the vap. press, curve at the 
m.p., 277°. E. Wiedemann, K. Stelzner, and G. Niedepschulte found the vap. 
press, at 60° to be 0 003 mm. ; at 10(J°,010 mm. ; at 140°, 1*35 mm. ; and numbers 
rather lower than those of F. M. G. Johnson for temp, up to 300°. From 
R. Clausius’ formula d log pldT=^-QIUT“, assuming that the vapour is not dissociated, 

F. M. G. Johnson calculated tiie latent heat Of vaporization between 760 mm. 

and 800 mm. to be 14'63 Cals.; E. B. H. Prideaux, 13*91 Cals. ; the former gave 
for Trouton^S constant 25*44, the latter 24*1. For a liquid boiling between 304° 
and 354", the normal value is 22*19 ; and it is therefore inferred that the liquid 
is associated to some extent but not so greatly as with water and the alcohols for 
which Q/2’=26. W. Ramsay’s constant, T 1 /T 2 . 1040 (750 to 450 mm.). Accord- 

ing to E. Beckmann, the latent heat Of fusion is 16*9 cals, per gram. 

The vapour density, according to E. Mitscherlich, is 9*8 ; and R. Rieth’s values 
correspond with the molecular weight, 278*2 ; the calculated value for HgCl 2 is 271. 
A. Scott obtained a vap. density corresponding with a mol. wt. 155*6 at high temp. 
The mol. wt. calculated from the lowermg of the f.j). of aq. soln., by E, Beckmann, 
and W. Biltz, is 266, and in alcoholic soln., 264. The mol. wt. calculated from the 
raising of the b.p. of aq. soln. by W. Laudsberger, is 263, and of alcoholic soln. by 
W. Laudsberger and A. W. G. Menzies, 269 ; of dil, ethereal soln. by R, Lespieau, 
approximates to that recpiired for the undissociated mol, but in cone. soln. the value 
is greater ; in acetone soln., P. Dutoit and L. Friderich found 271 ; and H. C. Jones, 
269*5, and th<‘ value was not appreciably affected by dilution. In methyl acetate 
soln., 11. Steiner found 248 ; in ethyl acetate soln., M. Hamers and A. Naumann 
, found 262 ; in methyl sulphide soln., A. Werner, 251 ; in ethyl sulphide soln., 
A. Werner, 279 ; and in benzonitrile soln., A. Werner, 269 ; in urethane soln., 
N. Castoro, 271 ; in othylurethauc soln., L. Mascarelli and M. Ascoli, 256 ; in 
pyridine soln., J. Schroder, 287 ; and, added P, Walden and M. Centnerszwer, the 
mol. wt. in dil. soln. of pyridine is normal, in cone. soln. it is less than normal, and 
this the more the greater the cone. The b.p. of soln. of mercuric chloride in many 
organic solvents are in agreement with a non-associated mol. HgC^, but in aq. soln. 
the data are so discordant among themselves that the conclusions are indehnite. 
The distribution ratio of mercuric chloride between benzene or toluene and water 
agrees with an associated mol. HgjC^ or Hg.HgCl 4 in aq. soln., a conclusion in agree- 
ment with observations on the f.p. of aq. soln. 

H. V. Regnault’s value for the specino heat of the solid from 13° to 98° is 0*0689 ; 
and J, N. Broneted’s value from 0° to 19° is 0*05019 ; the latter also gave 11*83 
for the mol. ht. K. Jauch found the sp. ht. of soln. containing 0*5, 1*0, and 2*0 
eq. of mercuric chloride per litre to be respectively 0*9834, 0*9676, and 0*9543 at 
18°. According to A. Blumcke, the sp. ht. of aq. soln. containing 1*02, 2*07, and 
3*03 per cent, of HgClj arc respectively 1*003, 0*983, and 0*961 ; and for 3*12, 9*87, 
and 17*26 per cent, alcoholic soln., respwtively 0*667, 0*632, and 0*595. W. Timo- 
fejeff found the sp. ht. of soln. containing 25, 50, and 100 mois of methyl alcohol 
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^ per mol of HgOlj to be 0*50776, 0*55406, and 0*58256 r««])ectively, and with ethyl 
alcohol, 0 52403, 0*5568^1, and 0*57865 reapoctivoly between 10* and 50*. 

The hnat of tomuitioil, according to J. ThoinHcn,® is (Hg, Clg)«»63*16 Cain. ; 
W. Nemst gave 53*3 Cala. ; and R. Varet gave 53*3 Cals, and later 49*8 Cala. 
J. Thomsen found for the heat of solution (HgClg. Aq., -3*3 Cals., M. Berthelot, 
~3 Cals. ; J. Thomsen also gave for the hOfU of neutnlilltion HgO-l-2HCl|iQ 
=18*92 Cals.; HgO+2HClg„ =50*86 Cals.; 2irgCl-f Cl8=43*77 Cals.; and 
Hg(N 03 ) 2 »q -f2KCla,, = 12*93 Cals. M. de K. Thompson gave —42'6tX) cals, for the 
fwe energy of formation of mercuric chloride ; and M. H. Sherrill gave 19*13 Cals, 
for energy of formation from its ions. 

The indei of retraction of aq. sojn. of mercuric chloride ha-s been measured 
by C. Cheneveau," and by M. le Blanc and P. Rohland. The two latter found for 
6*04 and 6 03 per cent. aq. soln. the respective indices of ndraction 1*3382 and 
1*3383 ; the respective molecular retractions by Gladstone and Dale’s formula 
19*25 and 19*42 ; and by Lorens and Ijorentz's formula 11*26 and 1 1*36. For 6*52 
and 5*44 per cent. soln. in alcohol, the indices of refraction arc 1 3666 and 1*3657 ; 
with the eo. refractions by Gladstone and Dale's formula 19*58, and 19*56, and by 
Lorenz and Lorentz’s formula 11*24 and 11*23. Similarlv, for 21*05 and 10*94 
per cent. soln. in acetone, the respective indices of refraction 1*3793 and 1*3693; 
and Gladstone and Dale's formula 20*15 and 20*29, and by Dinmz and Lorentz’s 
formula 11*55 and 11 65. 0. Schdnrock’s values for the specif'n’ eleotromigndtio 
rotatory power for the plane of j>olarization, are : 

• 

Alcohol. Pyridine. Amyl tleohdl. AmIam. 
Per coot. HgC'l, . . 2.3 CW.i 17 5312 lO fttHH 3ft 3488 

Sp. , . l*O3H0ft OOm'*) I 1522H 0 K05.50 M5864 

KototofN power . . O'H.V.IP 0 8374 0 8U22 0 8290 

B. 0. Pierre studied tfie emission spectra of the three merc.urii' lialides— chloride, 
broiiikb', and iodide, and found that the emission sis'ctra of mercurous and mercuric 
chlorides Imve Ijands lying hetw»‘en the yellow ami green mercury lines with a mid* 
point at about r)8(K) The continuous spectrum in the green region lias many fine 
weak lines. He inferred that the emission spectra of the two heat^*d mercury 
chlorides arc the same, owing to the fact that mercurous chloride dissociates inti) 
mercuric chloride and clilorine, and that the continuous spcctruiiHd cachcompotind 
18 due to mercuric chloride. A, 0. Jones extended these resulis into the ultra-violet. 
E. J. Evans studied the absorption spectrum of mereuTic, chloride vapour. Accord- 
ing to J. A. Wilkinson, mercuric chloride has a greimish fluorescenoet and it ahows a 
luminosity in ultra-violet light only if c>ont4iminak*d with mercurous chloride. 
A. L. Hughes has measured the photoelectric effect of mercuric .chlt^ridc, anck 
G. P. Dima found it to he smaller than for the corresponding bromide or iodide. 
According to W. Matthios,® the glow discharge between platinum electrodes docs 
not decompo8(i the va])Our of mercuric chloride, jirovided the current is not great 
enough to give the spectrum lines of mercury. tk)pj)or, iron, aluminium, and 
mercury electrodes cause decomposition wnthout an electric <'urrent ; a tantalum 
electrode is disintegrakul. The glow discharge rewmihles that with the elementary 
gases pnerally ; the potential gradient is higher than for nitrogen as are also the 
cathode and anode falls. According to P. D. Fook* and F. L. Mohler, the ionlca- 
tion potential of mercuric chloride vapour is 12’ 1 volts. 

8. Meyer found the magnetic susceptibility to be 0'17xl0~» unit of volume 
or — B*15 unit of mass, C. Fritsch measured the electrical conductivity of pressed 
plates of solid mercuric chloride. M. Faraday noted that while mercuric chloride 
did not conduct the Voltaic current in the solid state, it did ( onduct when fluid, 
but, according to J. W, Clark and W. Hampe, the electrical conductivity of molten 
mercuric chloride is small, and a current can decompose the salt into ftiercurous 
chloride and]]chiorine.% H. W, Foote and N. A. Martin found the sp. <'onductivity 
of the molten salt atj282*ito be 2*5 XKT* and of the solid salt at 282*, 5*8x10^* ; 
they also measured the sp. electrical conductivities of soln. of a mol of caesium, 
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pytasgium, ammoniiun, fjodiura, and cuprous chloridesin v litres of the molten 
mercuric chloride at 282®. : 

CsCl KCl SII4CI XaCl CuCI 

V , f, 30 2 30 4 15 2 15 2 ' 20 

Conductivity . 700 44*0 81*0 38*5 70 0 465 515 28 0 700 240 

H. W. Foote and N. A. Martin consider that complex ions— possibly MHgC^' and 
NHgClj" are formed in these soln. The chlorides of the bivalent metals are but 
sparingly soluble in mercuric chloride. G. Schulze found that, unlike the majority 
of electrolytes, mercuric chloride at 300® has no influence on the potential of the 
electrolytic valve-action of tantalum. 

Cold sat. soln. of mercuric chloride were found by W. Hampe,® M. Faraday, and 
II. Morse to be poor conductors of electricity. The conductivity of aq. soln. has 
been measured by O. Grotrian, T. C. Fitzpatrick, II. Ley and H, Kissel, II. C. Jones 
and K. Ota, L. Kablenberg, and K. Holdermann. H. Ijcy found at 25°, with 
jilatinized electrodes, for a gram-eq. of the salt in r litres of water ; 

V . . .16 32 64 128 256 

A . . 1 06 1 66 2-55 3 69 6 32 

The conductivities are ratlu'r less with plain than with }>latinized-platinum elec- 
trodes. H. Arctowsky found that the electrical conductivity of aq. soln. increases 
perceptibly on standing— presumably because of hydrolysis, and the corresponding 
formation of hydrochloric acid. E. Rimbach and 0. Weber find the conductivity 
is depressed when Imvulosc is present in the soln. S.^ Arrhenius, T. 0. Fitzpatrick, 
L. I, Shaw, W. Hampe, and (I Cattaneo studied soln. of mercuric chlorhle in ether ; 
L. Kahlcnberg and A. T. Lincoln, H. C. Jones, L. I. 8haw and S. von Laszczynsky, 
in acetone ; II, Steiner, in methyl acetate ; J. W. Walker and F. M. G. Johnson, 
in acetamide ; H. D. Gibbs, in methylamine ; J. Kozak and G. Mariasz, m nitro- 
methane ; L. I, Shaw, in eqiichlorhydrin, acetylchloride, ethyl acetatr^ Ixmzo- 
nitrile, acetic anhydride, salii yl aldehyde, and in aniline. L. I. Shaw failed to confirm 
the parallelism between the ionizing power and the dielectric constant of these 
solvents. If. Morse, and W. llittorf made experiments on the transport numbers ; 
and G. von bllissafoiT, on the electrical endosmose of aq. soln. 

i). Carnegie and F. Burt,^o and W. Biltz have commented upon the very small 
degree o! ionization in aq.soln. of mercuric chloride as revealed bythi' conductivities, 
f.p., and b.p. of aq. soln. R. Luther, K. Drucker. M. S. Sherrill calculated the 
ionization constant K for Hg"-(-2CK--Hg('l2 is /\[HgCl2l, from the 

e.m.f. of the cell Ilg | lIgCl2,Hg(N03)2l Hg, and from the solubility of silver chloride 
in mercuric nitrate, and the partition of mercuric chloride between toluene and water, 
raid between « toluene and mercuric nitrate soln. They find that K is between 
I'OXlO'^* and I The existence of the ions HgCl‘ was established by 

II. N. Morse from the tranajmrt numbers, so that the ionization of mercuric cliloride 
Hgt'ljj— Hg’'-l-2Cl' takes place in stages, HgCl2“HgCl‘-fCr, and HgCl'™Hg”-f CT. 
The ionization constants for the two last-named processes are fngCl‘l[CF]= 
KflllgCy, where and[Hg-]fCl']-K2[HgCl ], where A'2-=3T) xlO-s. 

According to R. fjuther, a soln. of mercuric chloride sat. at 25® contains the following 
constituents, expressed in mols per litre : [HgCl2]==0’2G ; [HgCl‘]-() (XX)15 ; 
[H’]=0-0()033 ; fCF]-OTKX»48 ; ; [Hg€V'J-5xl(r^. M. S. Sherrill 

gives analogous data, and adds that sat. soln, of the mercurous halides liave more 
Ilgg’ -ions than the corresponding mercuric halides have Hg“-ion8. The equilibrium 
constants are [HgCV']==9x 10111 Hg”l[Cr]^ and[HgCl4'']=90[HgCl2lCl']». Accord- 
ing to S. Arrhenius, the degree of ionization of a JiV-Boln. of mercuric chloride 
when treated with one per cent, by vol. of methyl or eth^^l alcohol is changed 
respectively O’OlO or 0 01 12 per cent. R. Salvadori says the salt is more ionized 
in boiling methyl alcohol than in water or ethyl alcohol. According to F. Rohrs, 
soln. witli a mol of the salt in 6 and in 48 litrea of alcohol are ionized respectively 
4 and 15 per cent. J. Timmermans has investigated the degree of ionization of 
soln. in alcohols, aldehydes, ketones, and nitriles. 
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The older determiuatiuna of the aolaMitj of mercuric chloride in water were 
made by G. J. Mulder, J. R. Spielmaiin, T. Bergmann, A. F. tie Kourcroy. J. Davy, 
and by C. F. Wenxel. More recent determinations have bt'en made by A. B. Pog- 
gjale. F. Jauder, M. S. Sherrill. H. N. Morse, J. B. llanuay, H. W. FooU^ and 
L. H. Levy, A. fitard, and P. Rohland. The data, exprc*(wed in grams of salt per 
1(A> grins, of soln , show : 

0* 10' ao' .10' iu* . <vir loo* iso* i«>* 

IVrcont. Hgl’l, .3 5 4 5 6*4 7 2 011 14 0 23 1 3H 5tf 785 

F. Guthrie gives tlo* eutectic or cryohydrie temp, as -0 2 when i)er cent, of 
mercuric chloride is prewuit. From this temp, upwards, the solid pham* is HgOljj. 
No hydrated salts knowui, although D. Stromlmlm compared the solubilities of 
mercuric chloride in dry and aq. ether, and cijncluded that momhy^rolni vurcurie 
chloride, Hg('l2.Hj.O, is formed in ethereal soln., and (‘.vista in a sUte of (‘(juilibrium 
HgCl2-4"H20^=iHg('l2.H._i() ; he also conclmb'd that still higher hydrates may be 
formed. 

The specific gravities of soln. of mercuric chloride in various solvents hiive been 
measured by (). Grotrian and many others.^* At 18 .V , Bmeholl found that 
for aq. soln. : 

Ter cent. Hgt'l, 1 2 3 4 5 fl ll 32 

Sp.gr. . 1 0082 1 010(1 1 02.^2 1 03.31) 1*0427 1 0512 1 0540 

and J. iSchnVler found the sp. gr. of soln. of various cone, at 0 , 10 ', 20'\ and lit)". 
.Vccording to J. A. Grnshans, at 20', soln. of sji. gr. 1*0203 and 1 olo.'l have rt'sjiec- 
lively 2'42 and 1*72 per cent, of mercunc chloride, and the vol.of tin* solute isO‘43() 
e.c. and 0 847 c.e. when the mol.vol. are 48 loand 18 (>3 respectively, The sp. gr. 
of soln. in hydrochloric acid have Ix'en m(‘asur(*d by M. Ic Blanc and P. Rohland, 
and K. Kngol ; in alcohol, by J. Schroder. F. Rohrs, and by VV. Herz and F. Kuhn ; 
in acetone, by M le Blanc and F. Kuhn, and by E. Vogt; in methyl acetate, by 
K. Bezold, and by A, Naumann and F. Bezold ; and in ethyl ac(*taO’, by E. Alexander. 
According to J. Wagn(‘r,*'^ the viscositics of N- and JN- aij. soln. of mercuric 
chloride (water unity) are 1'0116 and 1 (K>42 resp(‘ctively when the sp. gr. arc 
1 027') and 1 01.38 .f. C, G. de Mangnac has measured the veloeiiy of diffusion 

of mercuric chloride in soln of sodium ehloridi*. F. M. Rnoult , K. Beckmann and 
VV. Blitz have found tin* lowerings of the f p. of aq. soln. of 0'18()7V- and 
0 ‘.)23UV' mercuric chloridi* to be(i (i3.3 ando 1()8 respi'ctively, corrcsjionding with a 
normal mol, w^t. M le Blanc and A. A. Noy(‘8 measuri'd the effect of sodium or 
potassium chloride in soln. witli t h«* mercuric chloride on the f p., and found evideui'c 
of the formation of coiiqilexes of the type KHgCl3-- vide infra. H. Skinner, and 
W. Landsberger investigated the raising of the b.j). of aq. soln of mer<*uric chloride.* 
A. Bonrath found that tin* presence of sodium or potassium chloride in soln. with 
the mercuric chloride gave ri'sults in harmony with the assumption that eomplex 
salts are formed. F. M. Raoult has measured the raising of the vap. press. 

It has been known for a long time that aq. soln. of mercuric chloride redden 
litmus ; this, says V. Rohland, is due to hydrolytic dissociation yielding an acid 
with free hydrogen ions which redden litmus, hut do not effect methyl orange. 
From the electrical conductivities, C. Kullgren (^alculate(l that for a mol of the salt 
in V litres of water, the degree of bydrolytic dissociation is : 


V ... . 

8 

32 

128 

512 

Hydrolyxia at 85*6'' 

. 060 

1 .36 

2 mi 

6 IH 

HydrolyBW at 100* 

. 0*45 

106 

2 31 

4 H7 


The ratios of the twooumbers 1*33 ia nearly indi^pendent of the conc/ontration of 
the soln. H. Ley suggested that the hydrolysis proceeds either 2HgCljj‘fH20 
=:(HgCl)20f2H -f2Cr ; or else HgClg+HjO-HgClOIM H +Cr. L..Kahlen- 
berg's results favour the first hypothesis. The hydrolysis is readily perceptible 
at 6"" ; and ite amount increases with rise of temp. ; H. Arctowsky found that in a 
sealed tube at 80"^ the basic product HgGl^.SHgO is formed, while at 150'’ a product 
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Hg^g.4BgO of higher bBsicity is formed. From observations with the ultra - 
microscope at different temp. H. W. Fischer and E. Brieger say that in aq. soId, 
jnercoric chloride is split into hydrochloric acid and a colloid, and that the addition 
of sodium chloride hinders the hydrolysis by forming Na 2 HgCl 4 . K. Thiimmel, 
therefore, regards the aq. soln. of mercuric chloride as containing an acid H 2 (HgOCl 2 ) 
because of the peculiar hydrolytic changes ; the solubility of mercuric oxide in 
soln. of mercuric chloride to form mercuric oxychlorides he regards as evidence 
|>oiuting in the same direction. 

The solubility of mercuric chloride in a great number of solvents has been 
examined qualitatively or quantitatively. A. C. L. de Bruyn,i® P. Rohland, M. Cent- 
norszwcr, W. TimofejefF, and W. Herz and G. Anders have reported on its solubility 
in methyl alcohol or in mixtures of methyl alcohol and water. According to A. Btard, 
the percentage solubility in methyl alcohol is : 

-34* -20“ -2“ 4“ 12“ 36“ 62“ 100“ 127“ 

Per cent. HgCl, . 7 6 11-6 18 7 23 2 27 6 63 1 63 6 68 7 76*2 

There is a break in A. fitard’s curve at 38*. W. llerz and F. Kuhn find evidence 
of the formation of an alcoholat<‘, HgCl 2 .CH 30 H. The percentage solubility in 
ethyl alcohol likewise found by A. fitard is : 

-60" -55“ -30“ 0“ 10“ 31“ 62“ 100* 138“ 

Per cent. HgCl, . 3 0 7-8 14-.3 29 0 31-3 34*2 42 1 63 6 67 8 

According to A. l^tard, there are two breaks in thispurvo, one at —50° and one at 
60°. The solubility is augmented by the presence of hydro.vylamine hydrochloride. 
W. Herz and F. Kuhn have measured the solubility in mixtures of methyl and ethyl 
alcohols. P. Rohland, W. TimofejefI, and A. fitard have meusured the Bolubilities 
in projyyl alcohol. A. l^tard finds that there is very little incrc^ase in the solubility 
up to .')0° ; at —32° he says the solubility is 14’7 per cent. ; at O ’, 16 4 ])er cent. ; 
at 41°, 18'2 per cent. ; at 67°, 32’7 per cent. ; at 100' , 43’8 per cent. ; at 127°, 
52’7 j)erc.ent. W. Herz and F. Kuhn measured the solubility in mixturc'.H of methyl 
and projjyl alcohols, and in ethyl and propyl alcohols. A. fitard gives for the per- 
centage solubility in isobutyl alcohol, at —11°, 5*5 ])er cent. ; at 0°, 67 per cent. ; 
at 11°, 7T) ])cr cent. ; at 63°, 19 3 per cent. ; at 98°, 32’1 per cent. ; and at 155°, 
r)0'4 per cent. According to A. l^tard, the solubility in isopropyl alcohol is almost 
the same as in isobutyl alcohol. A. fitard further gives the percentage solubilities 
in normal butyl alcohol, in amijl alcohol, and in allyl alcohol : 

n-Butyl alcohol Amyl alcohol Allyl alcohol 

-21“ 0“ 82“ -13“ 20“ 106“ -21“ 8“ 22“ 

Per cent . HgOl, . 12'4 14-3 33 1 8 6 8 9 36 1 20 6 25-2 487 

The Holubility of mercuric chloride in ether has been noted by J. Davy, N. E. Henry, 
and 11. P. Madsen. A. fit-ard found the solubility inoreoset* very little with variations of 
temperature, for it rises from 6*6 per cent, at - 47‘' to 90 percent, at 116°. D. StrOmholm 
found the solubility of mercuric chloride in water is not much afftxjted by the addition of 
ether ; a sat. soln. of ether and mercuric chloride in water dissolves about 10 per cent, less 
salt than an acp soln. without ether ; on the other hand, the solubility of mercuric chloride 
in ether rises significantly when water is present. M. J. B. Orfila and J. L, Lassaigne noted 
that ether extracts mercuric chloride from its aq. soln. The partition of mercuric chloride 
between ether and water has been measured by A. Hantzsoh and F. Sobaldt, F. Mylius and 
(.\ Hultner, D. StrOmholm, and 8. Skinner, p. StrOmholm investigated the offoct of 
miditionf dt acetic acid, ethyl aoctat^', benzene, chloroform ; and F. Mylius and C. Hiittner, 
the effeoi of hydrochloric acid on tho oiheroal soln. 

Mercuric chloride dissolves in acetone, CO(CHj),, forming a heavy colourless liquid. 
A. £tard measured tlie solubility over the temp., range —23° to 70°, and noticed that the 
solubility from 0° to 70° is virtually indeptmdent of temp., and A. H. W. Aten foimd the 
solubility decreases with rise of temp, aliove 10° ; and, expressing the solubility in mols 
per oent.i he found : 

-16" 0“ 10* 10* 17“ 26“ 

MolsofHgCl, . 14-6 14-3 187 23-6 232 228 

Solid phMS HgCl,.(CH,)|CO Hfa, 
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F. Kohn tbftt acetone is not a true solvent. The oonc* soln., in dfw^tnasi, chanf{«i 
from rod to dark brown — possibly owing to the formation of the compound HgtM|.CO(CH,)| ; 
tod E. V^t says that in a few days, the colourless hquid becomes pale yellow without 
i*« general characteristics. \V, Her* and M. Kn<»oh studiwl the aoln. of merourio 
chloride in mixtures of acetone and w*ater. 

According to O. Asohan and G. Bortmius, 05 jior mvni. formic (tnd dissolves at 10*, 
21 per cent, of mercuric chloride anti 100 c e, of th<* soln. haw 3 4225 arms, of HgCl.. 
A, Etard menttured the solubility of mercuric chlorule m tioHc acui from wniiih A. Benraui 
noted that the salt can be crystaJliKed unchangeti. Acconling to A. Etard, the solubility 
rises from 2*7 jicr cent, at 21° to 8*0 |Hir ctmt at 51", to 12 |>er ctmt. at OS'*, to 10 per eentu 
at 1 16°, to 66 jior cent, at 207°. The Holubility eurv<’ in glai'ial aoef ic licid is almost a straight 
line. A. £tar<l ivIko found the salt is very sjiarmgly soluble in jtropiontc arid, and in bufj/ric 
acid ; and (hat the solubilities of mereurie ehloridt^ in uuihifl atid rihyl /onmi/rs aiui awMiS 
can be repn*«ented by almost straight lines According to A. Etard, at ~ 2U ■ S", 46°, tthfd 
fortnaif dissolves n'SjKVtivol} 29*5, 2*92, and 31*0 jM‘r cent, of inemunc chloride ; at —20 , 
24°, and 66 , (trcUUc dissolves re»tpt*otiveIy 42, 40*.% and 4 1 6 jst wnt. of merourki 

chloride. The solubility in methyl acetate has also lHH:‘n stmliwl by 11. Steiner, .1. SchrOder, 
F. Bezold and A. Nuutiiann. Acconling to .V Etard, at 60°, 0°, and 19°, fdliyl ateiaU 
dissolves iesjK‘otiv<*ly 39 5. 30-6, and 4tt 2 |mt cent, of this salt. The solubility in ethyl 
acetate has also Iw'i'n studnHl by H. -Alexander. M. Hamers, A. Naumaiin, M. Dukidsky, 
and H. \V. Aten. .Acconling to C. E. Luieborger, if wshum luid luen'uno chlorides Iw 
present in excess in soln of ethyl acetate, the compound Nat’'1.2llg(’l, is foruK'd. M. Hamers, 
and W. Her* and (1. Andi'rs have studied the solubility in atj. sola, of ethyl acetata. 
.According to A. Etanl, at 22" and 48", amyl orcAi/e dissolves 18 3 and IK 5 per cent, of mer- 
curic chloride; and at 20°, 66°, and 71°, ethyl butyrate disMolves nvimH'tivelv 12*5, 13'6, 
and 16 1 j>er cent. J. \V. K lever said that mercuric chloride is soluole in ylycrrol ; and 
W. Kidiiiium, sparingly soluhU' m nuthylal. (3. Ghs'k found (hat while ruereurin olilorida 
is ni.wluhle in otU and fate, it 14111 Im» obtained in soln. if it In’! first dissolviHl in water-free 
ketones, or in alcoh()!-fr**e ether. 

Acconling to AI. Dukelsky. mercuric cliloride is insoluble in rarhou tetrarldorith ; but 
O. Sulc saul that at room temp , this solvt'iit dissolves 0 (Mt2 grm. M. iJiikclsky meiwured 
the solubility ot nien’uric chloride in mixlun*s of carlKin tetrachloride luid methyl alcohol, 
Acconling to M. Dukelsky, at 0"and XoM'', ethylene chlorule dissolves respisstively 1*33 and 
2*42 per cent, of mercuric chloride ; and he has studnsi thes<jlubility of this salt in mixturt‘(S 
of elh> 1cm* chlornle and methyl alcohol. .According to O Sulc, at room temp, ethyl ftroiaw/d 
dissolves 2 91 [kt cent, of mercuric I’hiorido ; and ethykm bromide, 1 *63 per cent. A. VVemor 
said Unit iiu'rcunc ohlori<le is soluble in methyl eulphide. M. Dukelsky said that its solu- 
hihty 111 chloroform is very small, (hOl and 012 per cent, nvipectively, at 20*5° and 44'2° ; 
for the Kolubihly at room temp , O. Sulc gave 0 105 |M*r cent. A. iiant/.sch and K. Bcbaldi 
have studied the partition <'04*fT. of mcrciinc chloride lK*tween water and ohlorofunn ; and 
M. Dukelsky, the solubility of mixtunni of chloroform with methyl and ethyl alcohols, and 
ethyl ac( tate. At room temp. () Sole fouml that hromofonn dissolvea 0*489 j)er cent, of 
mercuric chloride. 

Acconling to A, P. M. Franohirnont, mercuric chloride is sparingly soluble in cold, but 
more soluble in hot benzene ,* M. B. Shitrrill has also n<ited the solubility in benisano ; and 
M. Dukelsky found tliatat 0*5°, 341°, and 60*0°, lKm/-i‘ne dissolve respfs’tively 0*20,0 04, tod 
1*39 [KT cent of m«*rcuric chloride ; acconling to W. 'rimofejoff, the solubility in mixtures 
of b<*nzeno and alcohol at 38°, is greater than tliat ealculat4Kl from tho solubifitiics in tho tw6 
comjionenta; M. Dukelsky ineasunxl the solubility in mixtures of bem/.ene with alcohol tod 
with ethyl ac’ctato. A. Hantxseh, F. Sc'baldt, and A. V^agt, mid O, VV. Brown moasurod tho 
partition coefT, of mcrc’unc chloride* ln'twiim toluene and water ; and 11. N. Morse iHitwoon 
soln, of mercuric nitraU^ and toluene. Wenier said that mercunc chloride is insolublo in 
jiaratolnidine, ami very soluble in aij. benzonitrilc, and oI]wt aromatu' nitrihui. A. Naumann 
ami J. B, Kammerc*r say ben/.omtrile copiously dissolvjis memurie, ehlondo with a fooblo 
evolution of heat, fonning a clear liquul. L. Mascarolli and M. Ascoli liavo studied the 
solubility in o-nttroioluidinc, nitrobenzene, p-nUroanisol, and in a-nilronaphthalene,, mid 
J. SrhrOder, and A. Naumann the solubility in pyridine, L. KalilenlsTg said that mercuric 
chloride is soluble in alkyl thioryanutes. Z. Kleincnsiewie* found that mi'rcurio chloride is 
soluble in molten awiirnony triefdonde, nad that tho soln. for groat dilutions conduct lK'tt«T 
than ai{. soln.; for cone, S4j)n. aij. soln! arc the Ik'IUt conductors. E, H. Biicbnor said 
tliat mercuric chloride is insoiiible in lu|uid carbon dioxide; ami M. Cent tiers/, wer, that it is 
insoluble HI lu[uid cifanogm. K. Moles and M. Marijuina found that tin* aolubility ot 
mercuric chloride is augmented by glycerol and eucroee, and (Icjid'shchI by tartnric and nUrUi 
acids. The solubility m 100 parts of glycerol at 26" is 80. W. lier/. ami P. Schufiao 
mcasun*d the distribution of mercuric chloride betw«M*ii wbOt and teiralin 

• 

The chemical propertiei of mercuric chloride.— Mercuric chloride hatt a sluirp 
metallic ta«tp, and is very poisonoua. The jiowdered salt in stable in air» and, ac- 
cording to J. Davy,^^ b not decomposed in fUnUght ; indeed, M. Berthelot found 
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that the pure galt-nky or mowt — is not derompo«ed in a sealed tube after exposure 

for a month to sanligbt, although pharmaceutical preparations may decompose 

owing to the presence of reducing agents, 0. Wolff could detect no signs of the 

decomposition of the salt conffned in a tube transparent to ultra-violet rays, and 

exposed to sunlight for a month. In 1803 P. F. G. Boullay reported that the aq. 
Boln. of mercuric chloride is decomposed in sunlight with the formation of mercurous 
chloride, and the liberation of oxygen and hydrochloric acid. J. Davy made a 
similar observation in 1822. V. Meyer kept soln. of mercuric chloride in spring 
water and in highly purified water for two months in darkness, and observed no 
sign of decomposition, although A. Verda said that the soln. slowly decomposes 
in darkness with the separation of mercuric oxide, while in light, mercurous chloride 
is formed. W, van Rijn found a soln. 1 : 5t)00 decomposed into mercurous chloride 
and mercuric oxychloride in a few days, and this was attributed to the effect of the 
cork or of traces of organic matter in the water, or of water on the glass vessel. 

L. Vignon made similar observations, and stated that the action of the ammonia 
and dust of the air, and of the products of the action of water on glass, lead to the 
decomposition of soln. of mercuric chloride exposed to the air. E. Burcker draws 
the general conclusion that if aq. soln. of mercuric chloride be protected from air 
and light, they do not change if the solvent be also free from organic and mineral 
impurities. K. Scheringa found that the effect with the glass of ordinary medicine 
bottles is only perceptible in a few cases. A. Michaelis says the 1 : 1000 soln. keeps 
very well in yellow glass bottles, but in blue or white ones it quickly changes. 

M. Del6pine says that mercuric chloride soln. made from spring water with added 
sodium chloride will keep a week without perceptible change ; and they can be kept 
longer if the soln. contains enough hydrochloric acid to decompose all the bicar- 
bonates in soln. in the water. 

H. Davy (1822) stated that the presence of hydrochloric acid or of ammonium 
chloride “ hinders the decomposition by its affinity for mercuric chloride ” ; in the 
language of the ionic hypothesis the hydrolytic dissociation of mercuric chloride 
in aq. soln. is hindered by the presence of strongly ionized chlorides. V. Meyer, 

L. Vignon, E. Burcker, and A. Busch, made the analogous olwervations that hydro- 
chloric acid, sodium chloride, tartaric, acid, and generally, the chlorides or bromides 
of the alkalies or alkaline earths, hinder the decomjiosition of soln. of mercuric 
chloride. L. Vignon also says that the presence of sodium chloride hinders the 
(h'composing action of sodium hydroxide or carbonate, but not vctv much that of 
ammonia ; ammonium chloride acts in the reverse way, and both salts make the 
mercuric chloride soln. more stable in the presence of albumin. R. Bolling, and 
R. Uohland s{\j^ that soln. in absolute alcohol are more stable than in water. A. Li'sure 
obstTved no change after exposing aq. soln. of mercuric chloride to ultra-violet 
light for 15-30 mins. C. Doelter and H. Sirk noted that a one per cent. aq. soln. is 
coloured yellow after 30 days’ exposure to the radium radiations from half a gram of 
radium chloride ; and H. Becquerel found that these radiations reduced mercuric, 
to mercurous chloride in the pn^sence of oxalic acid just as occurs by exposure to 
light. M. Kotler ha's also studied the absorption of radium emanations by soln. 
of this salt. 

C. D. Zenghelis found that hydrogen under ordinary conditions does not 
reduce a soln. of mercuric chloride, but it does so if the gas is allowed to bubble 
into the soln. through a filter-paper extraction thimble. H. Moissan noted that 
fluorine attacks mercuric chloride, slowly in the cold, rapidly when heated, forming 
a yellow fusible fluoride ; and C. Poulenc that it volatilizes in hydrogen fluoride 
gas without decomposition, and it is not altered when fused in ammonium fluoride. 
When heated with amm onium chloride, it is not reduced, but a double salt sublimes 
in needleJ'iike crystals. T. Fairley noted the reduction of mercuric to mercurous 
chloride by hypochlorites. A. Potilizin heated mercuric chloride and bromine in 
a sealed tube, and found 15‘16 per cent, of chlorine was expelled. An aq. soln. of 
bromine, and an ethereal soln. of iodine» in light or in darkness, transform mercuric 
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chloride respectively into inenuric bromide and iodide. According to W. Her* 
and W. Paul, mercuric chloride soln. dissolve iodine, and this the more the greater 
the proportion of hydrogen chloride in soln. According to M. 0. Schuyten, bromine 
and iodine displace the chlorine from moist mercuric chloride. F. Orainp found that 
mercuric chloride is in gmat jmrt liecomposed when heated 6 hrs. with iodine 
and water in a sealed tube at 2riC>'\ Acconiiug to T. Harth, a solii. of two inola of 
potassium bromide and one of mercuric chloride gives a mixture of mercuric bromide 
and potassium chloride quantitatively ; but a soln. of two luols of jiotasaium chloride 
and one of mercuric bromide suffers no change. E. P. Pi'rman said that if mercuric 
chloride be shaken with potassium iodide in the prt'senee of a htth* moistim\ mercuric 
iodide IS formed ; in aq. soln. mercuric Hxliile is prt^cipitated and, according to 
l^ Itohland, m acetone soln., potassium chloride is jirecipitated. This is a reversal 
of the heliavioiir of thes<‘ salts in aq. soln., and corn'sponds with the fact that 
mercuric iodide is far more soluble in acetone than in water, and jiotassium chloride 
IS less soluble. A senes of jxitossium mercuric iodides are known. V. Horelli was 
unable to isolate a mixed n\crcuTic perchlorattK'fihwide, (’I.Hg.C 104 . although he made 
the corresponding bromo-, chloro*, cyano-, and thiocyauo-}>erclilo rates. The 
presence of a mol of mercuric chloride ])er mol of perchlorate in soln. raises the 
electrical conductivity 0 028 |)cr cent., but the addition of another l*f> moU of the 
chloride causes no further increase in tin* condm iivity. 

A small proportion of staunous chloride ]>r(‘cipitatcs mercurous i hloride from 
soln. of mercuric chloride ; a larger projiortion )>rccipitat<*s mercury os a black 
jiowder ; ai'cordmg to A. Vogel, some stannic oxide m formed at the same time. 
According to F. L. Winckler, stannous chloride likewise precipitaO-s mercimius 
chloride from ulecdiolic soln. of the mercuric salt. According to J. Jiostock, th<' 
reaction is so sensitive that one ]>art of mercuric chloride in MK) parts of water is 
blackened by stannous cblorido, and one jiart of the salt in 20,(KKl jiarta of water 
Incomes grey, and gives a precijutab* in 21 hrs ; according to 1‘, L, Ueiger, the grey 
colour is i»erceptibie if but one part of mercuric chloride be jirewuit in ltl,()(K) parts 
of water. Stuniious chloride precipitates mercurous chloride from soln in benzo- 
mtrile, methyl or ethyl acetate, metliylal, and aeetone ; and from pyridine soln. 
niercurv is precijtitab'd. Aewrding to d L. Proust, a soln. of ouprouf chlorids in 
hydrochloric aeul precipitates mercurous chloride from soln. of mercuric chloride, 
f)ut L, (imelin .says that the only priMUjutate so obtained is cuprous chloride. W. von 
Guh'witscli says a Ixuling soln. of aluminium chloride and mcrcurn; idiloride gives 
a ]>rc(’ipitate of mercury and mercuric oxychloride ; C. Winther found that when a 
mixed soln. of ferrous chloride and mercuric chloride is exposed the ultra-violet 
light of a (juartz laiiiji, mercurous and ferric chlorides are formed ; tl^* r(*action is ^ 
slowly reversed in darkness ; HgCl 2 -{-FeCl 2 ?=^FeCl 34 -HgCl, but rajudly if it be under 
conditions where an electric « urrent can be obtained. 

The cell wiiM conHlnicleil as IdIIouh. In a glasu funnel, cIowhI at the lower end, a per- 
foral4*(l ])latiituin j<iat4> waw fixi'il ; the j>lale wa5 Holdered to a plat mum wire which paased 
out throuj^h a hole m the funnel. On the plate a layer of platmiwMl nxlMiMtoH was placed 
and then the Hr)lii which wjw expoKMxl to the light from a quartz-mereury vaj)our lamp. 
.\ft4 r the illuminalioii the <h(Ter4*n«’eb of potential w'cre mooHurtHl, a platinuitj eh^etrode 
IxMiig placed for this purpose in tho upper liquid. The o.rn.f, m some i hhom was oh niueh 
art O’l volt, nn<l <nirrent« of one nnlhanq^^re were ohtainixl. Hence, tlie urrangmnent haH 
Ijeen calhnl a lujh a''nutiul(Uor. 

AccKirding to H. Bchulze.*® mercuric chloride is not changed when heated in 
oxygen free or nascent. W. 1). Bancroft and H. B. Weisi'r did not get a mirror of 
mercury on a cold porlMain tube in a Bunsen's flame, fed with mercuric chloride, 
but a w}iit4' deposit is obtained which is a mixture of mercury and undecomiiosed 
salt, along with some black mercurous oxide. G. Tammann found that mercuric 
chloride accelerates the decomposition of hydrogen jjeroxide in neutral soln. 
According to A. Kolb, and M. Kohn, hydrogen peroxide reduces mercuric 
chloride in a neutral or acid soln. provided a neutral tartrate -sodium 
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potusiuiu t&rtrstej-^be present and calomel is quantitatively formed ; if heated 
m alkaline or ammoniacal soln., hydrogen peroxide or sodium peroxide reduces 
mercuric salts to the metal, a reaction utilized by M. Kohn and A. Ostersetzer for 
the quantitative determination of mercury. in the mercuric halides. According to 
G. Bredig and W. iitunders, the reduction of mercuric chloride by hydrogen peroxide 
in neutral wjln. is accelerated by colloidal gold or platinum. F. Olivari has shown 
that the solubility of sulphu/or selenium in fused mercuric chloride is not reciprocal 
in that fused mercuric chloride dissolves sulphur or selenium, but is not dissolved 
by them. There is no reaction between mercuric chloride and these two elements 
at the fusion temp., but with tellurium and the fused salt, chemical action occurs 
to some extent and mercurous chloride is formed: 2HgCl2-fTe^Hg2Cl2+TeCl2. 
At presumably a higher temp., J. L. Proust found a reaction between mercuric 
chloride and sulphur, resulting in the formation of mercuric sulphide and sulphur 
chlorid(5, and he adds that the decomposition may proceed explosively. According 
to J. Davy, mercuric chloride is not perceptibly attacked by sulphuric acid hot or 
cold ; but, according to H. Hose, A. Vogel, and F. Mohr, when boiled with the acid, 
there is a very slight formation of mercuric sulphate and the greater part is volati- 
lized unchanged, H. Rose said that mercuric chloride does not absorb the vapours 
of 8ul{)huric anhydride, but, according to R. J. Kane, in the converse reaction, 
hydrogen chloride is absorbed with the evolution of heat by mercuric sulphate ; and 
F. Mohr found the reaction : HgS04-l-2HCl=HgCl2-f H2SO4, is completed at an 
elevated temip. H. Ros(^ stated that a small proportion of hydrogen sulphide 
pre(!i])itate8 white mercuric sulphochloride, 2Hg8.iIgCl2 or Hg282Cl2) while an 
excess precipitates black mercuric sulphide. The alkali-hydrosulphides behave 
similarly. Dry hydrogen sulphide in ether, benzene, ethyl acetate, acetone, pyridine, 
or benzonitrile soln. of mercuric chloride at first gives a white precipitate which 
becomes yellow 2HgS.HgCI.2 ; in methyl acetate soln., mercuric sulphide is precipi- 
tated. Potassium sulphide has no action on soln. of mercuric chloride in benzo- 
nitrile ; potassium or calcium sulphide likewise has no action with methylal soln. 
According to J. S. F. Pagenstecher, metal sulphides, like freshly precipitated sulphides 
of zinc, cadmium, load, tin, copper, antimony, and iron when boiled with mercuric 
chloride form sulphides and ])rccipitate mercuric sulphochloride : ZnS-h2HgCl2 
— ZnCl2-|-DKS.HgCl2 ; or 2Sb2S5-l-ir)Hg(n2~4Sb(.l5V''>Hg3S2Cl2. Native sul- 
phides and metallic sulphides prepared in the dry way act slowly, or not at all- ■ 
e.g. zinc blende or native antimony sulphide has no pcrccjitible action. When 
merciuric chloride is heated in a sealed tube with a little water and lead sulphide, 
at A. Levallois observed the transformation : PbS-f HgCl2=HgS-|-PbCl2. 

, G, Viard^ found that an excess of sulphuric acid precipitates mercuric chloride 
from its aq, soln. in general, it may be said that mercuric chloride is fairly easily 
roduci'd to mercurous cliloride. A. Vogel reported that sulphurous acid precipitates 
mercurous cliloride and mercur}^ from an aq. soln. of mercuric chloride. ; at ordinary 
temp, very little action is ]>erceptible after 24 hrs., but when heated, the action is 
rapid. In order to precipitate all the mercury as mercurous chloride a large excess 
of sulphurous acid fre<piently renewed is necessary. A mixture of sulphurous acid 
and mercurous chloride gives no precipitate with an excess of alkalies. W. Sartorius 
showed that the cone, of tin* soln. determines the yield of mercurous chloride in the 
reduction of mercuric chloride by sulphur dioxide. A soln. of mercuric chloride 
(1 : 80 ) sat. with sulphur dioxide at 7 ()‘'- 80 °, gives a theoretical yield if kept a long 
time at that timip. A. Sander concluded that the reaction is 2 HgCl 24 -S 02 -f 2H2O 
^2HgCl-f 2HCl-f H2SU4, and is quantitative when the soln. does not contain over 
2 grms. of sulphur dioxide per litre. With greater cone, thtfgas escapes unoxidized. 
L. M. Ste'wart and W. Wardlavr found quantitative reduction occurs when sulphur 
dioxide Tt'acte at 95 ® with approximatedy 2 fi grms. of mercuric chloride in 120 c.c. 
of water. With a greater cone, of mercuric chloride, reduction is incomplete, and 
depends on Uie cone, of hydrochloric acid — t'ide mercurous chloride. According to 
E. Divers and T, Shimidzu, mercurous chloride is much more soluble in sulphurous 
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acid than in ^tcr ; and the aoln. on expoaure to ,air rapidly cruata 
over and deposita a cryatalUne precipitate of mercuric idUoride rendered 
leas soluble by the eacape of sulphur dioxide. The atldition of sulphuric acid to 
the sob. of mercuric chloride m sulphurous acid lowers the solubility of the salt 
and mercuric chloride is precipitated. It is 8uppt»H<*d that the soln. of mercuric 
chloride in sulphurous acid contains meicoric hydrogen sulphite : Hg01g4*2Hj8(), 
Hg(HSC\) 2 . According to H. Dcbray, the Tr^sence of sodium chloride 
hinders the nniuemg action of sulphurous acid. A mercuric chloride soln. can be 
boiled without reduction if IK) times its weight of sodium chloride be present ; hut 
the reduction does occur even then if heated to TA)"' in scaled tubes. Anunoaium 
sulphite has scarcely any action on mercuric chloride soln. in the cold, but if heated, 
plate-like crystals of mercurous chloride art' quickly precipitated, and if tht» action be 
allowed to continue, the last-named salt is further reduced and blackened. P. Ber- 
thier separated the mercury in globules by warming the blackened mass with hydro- 
chloric acid. According to L. P. de St. Gillcs, cold alkali sulphitas and meri'uric 
chloride soln. form double salts. This accounts for E. Divers and T. Shimidsu’s 
observation that mercuric chloride is much more soluble in a tu)ln. of sodium subhib 
or pyro8uJphit«i than in water. N. N. Mittra and N. H. Dhar studied the imiuced 
reactions w'ith mercuric chloride and sodium sulphate with sodium arsenite or 
arsenious acid. When a soln. of sodium thi(Mtulphate is added to one of mercuric 
chloride, T. Poleck and (J. Goercki say that no precipitate is at first formed, but the 
sob. bt'comes turbid in a few minuti‘s, and lak*r a white precipitate aj^piuirs which 
turns yellow and then brown ; • the dark-coloured precipitate is probably a mixturt^ 
of mercuric sulphochloride, sulphur, and free mercuric sulphide. Aecordbg to 
E. T. Allen and J. L. Crenshaw', if the molar ratio ilgClg : NagSgOg lie greater than 
3 : 2, white 2HgS,HgCl2 is precipitated ; if the ratio be 1 : 1 a mixture of this com- 
pound with black mercuric sulphide is formed ; with a higher jiroportion of thio- 
sulphate, say 1 : 4, black mercuric sulphide first separates out, a red precipitate of 
/3i-HgS is formed, and the precipitate forms tw'o layers — the uppiir red layer is 
/3j-Ug8, and the lower one ax-Hg8. C. li. Wise found that anhydrous Ml^um 
oxychloride dissolves 0’81) per cent, of mercuric chloride at 2r>‘^. 

According to J. Uavy,!^^ 1U(J parts of hot nitric acid, of sp. gr. 1 ’41, dissolve less 
than ()’2 part of menuiric chloride. 8. Sehlesinger says that if tlie boiling be pro- 
tracted mercuric nitrate is formed, but this statement does not agn’C with J. Davy's, 
P. F. 0. Boullay’s, or with H. Rose's obw'rvations, when? the diHSoluiion takes place 
without decomposition, Ac<‘ording to V. Thomas, mercuric chloride is not reauced 
by heating it with nitrogen peroxide, nor, according to J . J . 8u<U)orough, is it changed 
by nitrosyl chloride. The action of ammonia, of hydroxylamine, and of hydrai^ « 
is discussed in three special sections — vide infra. N. R. Dhar studied the reduction 
of mercuric chloride with hydrazine hydrochloride and hydroxylamine hydrochloride 
m the pres<*noe of potassium pernianganati*. Dry ammonia gas in benzonitrile 
sob. of mercuric chloride gives a white precipitate of HgClg.NHg ; in pyridine, 
ethyl acetate, and methylal, a precipitate of HgGl 2 . 2 N]f 3 . A(;cordin^ to G. von 
ICnorre and K, Arndt, hydroxylamine is oxidized to nitrous and nitric oxides. 
H. Davy found that if the vapour of phosphonis be passed over heated mercuric 
chloride, mercury and phosphorous chloride arc formed ; while if phosphorus lie 
heated with an aq. sob. of mercuric chloride, P. F. G. Boullay found mercury phos- 
phide, phosphoric and hydrochloric acids were produced ; and F. Feugler added 
that phosphorus precipitates mercurous chloride, but no mercury, from an ethereal 
sob. of mercuric chloride. H. Rose passed hydrogen phofphide over warm mercuric 
chloride, and observed § copious evolution of hydrogen chloride, and the formation 
of an orange-yellow sublimate of mercuric phosphide which was resolved mto its 
constituents when heated further. H. Rose also found hydrogen phospWdc pre- 
cipitates yellow mercuric phosphochloride, UgjPg.SHgClg.^lHgO, from aq. sob. of 
mercuric chloride ; and P. LemouJt suggested this sob. as an absorbent for phos- 
phine. A. Berg6 and A. Reychler recommended mercuric chloride soln. for removing 
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phosphine from impure acetylene, but P. BiginelJi showed that acetylides are formed 
by the action of acetylene on mercury chloride. B. Pelletier stated in 1792 that 
when tin phosphide is warmed with a soln. of mercuric chloride, hydrogen phosphide, 
mercury, and stannic chloride are formed. According to H. Rose, an excess of 
hypophosphorOQS add precipitates metallic mercury from soln. of mercuric chloride, 
while if the mercuric salt be in excess, mercurous chloride is formed— J. R. Thomp- 
son obtained mercurous chloride, B. E. Howard the metal. According to H. Rose, 
phosphorous add precipitates mercurous chloride completely from soln. of mercuric 
chloride. The reaction is accelerated by heat, and by the presence of nitric or 
hydrochloric acids. If the mercuric chloride be boilea with an excess of phos- 
phorous acid, the mercurous chloride is grey, and mercury is obtained only in the 
presence of free acid. The dynamics of the reaction have been studied by C. Monte- 
martini and U. Egidi, by J. B. Garner, J. E. Foglesong, and R. Wilson, and by 
G. A. Linhart. According to the latter, the reaction proceeds in two stages: 
llgCl2-f HaPOa-HCl+HgCl+HaPOa. followed by 2H2P03-f H20::-H3P03+H3P04. 
The last-named reduction is very fast in comjjanson with the ape(‘d of the former. 
N. N. Mittra and N. R. Dhar studied the induced reaction between mercuric chloride 
and sodium phosphite and sodium arsenite or arsenious acid. J. von Liebig noted 
that soln. of mercuric chloride give no turbidity when mi.xed with ftlknli phosphates, 
but after the mixture has stood a long time, a small red deposit appears, and it is 
rapidly formed with hot soln. K. Haack obtained mercuric oxychloride by the 
action of disodium hydrophosphate on mercuric chloride, anti D. Carnegie and 
F. Burt obtained a dark red precipitate by mixing sat. soln. of ammonium phosphate 
and mercuric chloride. According to L. Amat, hypophosphoric acid with cold 
acid soln. of mercuric chloride furnished a quantitative yield of mercurous chloride. 
b\ (Japitaine and N. W. Fischer noted that when arsenic and mercuric chloride are 
heated together arsenic trichloride and a yellowish-brown sublimatti of mercuric 
arsenio-cliloride are formed. 0 . Borrichius found a mixture of antimony with one- 
third its weight of mercuric chloride when pressed into a glass tube becomes hot 
during the course of half an hour, and when heated forms antimony trichloride and 
mercury, A similar observation was made by F. Caj)itaine. N. W. Fischer said 
that antimony has no action on a soln. of mercuric chloridth Hydrogen arsenide 
was found by H. Hose, and J. Lohmann, to precipitate yellowish or reddish-brown 
Hg3AsCl5. It is supposed that the reaction takes place in stages, first forming 
yellow chloromercurio arsine, AsHa-HgCl ; orange dichloromercurio arsine, 
AsHfHgCl)^; brown trichioromercurio arsine, As{HgCl)3; and finally black arsenic 
mercuride, Hg^As.^. A. Partheil and E. Amort observed similar changes in alcoholic 
soln. of mercuric chloride chloromercurio arsine, AsHgHgCl ; dichloromercurio arsine, 
A 8 U(HgCl).>; and trichioromercurio arsine, As(HgCl)3 i ^‘^ch forms arsenious acid, 
hydrochloric acid, and mercurous chloride in contact with an excess of the mercuric 
chloride soln. Arsenic merciu-ide under similar conditions forms mercurous chloride 
and arsenic, and it is easily decomposed by water, forming arsenious acid, hydro- 
chloric acid, ami mercury. G. Franceschi found that arsine precipitates HAslHgCljg 
from an ethereal soln. of mercuric chloride. According to J. Lohmann, hydrogen 
antimonide at first gives no coloration with a mercuric chloride soln., the soln. 
then becomes turbid, and a white precipitate is formed; this becomes greyish- 
white, and consists of mercury and mercurous chloride and possibly some antimony 
and antimonious oxide. G. Franceschi also found an aq. or alcoholic soln. of mer- 
curic chloride furnishes a precipitate of HSb(HgCl)2.3H20 when treated with 
hydrogen antimonide. U. Rose said that arsenic oxide is not altered by mercurous 
oxide, and K. Haack, that a disodinm hydroarsenate precjpitates mercuric arsenate 
and mercuric oxychloride. H. Bollenbach found anunonious o yi dft rediues 
mercuric to mercurous chloride ; and F. Rosenthal and J, Severing, that potassiom 
hexatantalate gives a precipitate with mercuric chloride. 

According to F. W. 0 . von Coninck,*<> animal charcoal does not effect the decom- 
position of cold soln. of mercuric chloride. J. L. Gay Lussac and L. J. Th^nard 
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wduced mercuric chloride to mercur}^ by heating it with Ol|rboll» but, according 
to J. B. Nev'ins, mercuric chloride is not reduced by gentle ignition with dry charcoal 
even if hydrogen be passed over the niixture—the reduction occurs only if the char- 
coal be moistened ; it is reduced if gently ignited with sugar, Im'ad, and the like. 
The action of Aoeftyleoa on mercuric chloride has b<‘t*n studied by M. Kutscheroff, 
H. Biltz and co-workers, K. A. Hofmann, P. Biginelli, J. 8. S. Bramo, B. C. Keiser, 
etc. A. Bt^ige and A. Reychler said that acetylem* has no action on a soln, of 
mercuric chloride in dil hydrochloric acid, and recoiimiended this liquid as a nuri- 
lying agent for acetylene ; but J. S. 8. Brame, D. L. Chapman and W. J. Jenxius, 
and P, Biginelli have shown that the sat. soln. furnishes tine needle-shaped er}^8tal8 
of ckhromerninchluroitcdylrne, ClHg.HC’ : OHCl, after standing some time — vide 
acetylides. 0. Gore found that oarbon disulphide immediately j>n‘cipitaU'8 the 
sulphide from a soln. of mercuric chloride in ether. N. N. Mittra and N. H. Dhar 
studied the induced reaction between men'iiric chloride and fonuio add and sodium 
arsenite. M. Bi'rthelot deco!n])osed dil. soln. of mercuric chloride by bydiocyaolo 
add. H. Rose found potassium cyanide tirst makes the* soln. turbid, and this 
afterwards (dears wIk'Ii moni cyanid(‘ is added, because mercuric chloride and cyanide 
form soluble complex comjiouuds with mercuric cyanide and the alkali chloride. 
\V. Feld heated mercuric chloride* wdth potassium ferrocyanido and obtained mer- 
curic cyanide and mercurous cldoridi; ; and H. Rose obtainc'd a white prcci])itat(* 
with soln. of these two suits — the precijiitatc became blue on standing, and the 
liquid contained mercuric cyanide m soln. According to K. 8chrbd«'r, a yellow 
precipitate of mercuric ferroc^anide is formed, with cone. soln. of jaitassium ferro- 
cjranide and mercuric chloride. H. Groasniann obtained a crystalline }»otassium 
mercuric thiocyanate by mixing cone. soln. of mercuric chloride and j^tassium^ 
thiocyanate, but not with dil. soln. Potassium thiocyanate is without visible action 
on methylal soln. of mercuric chloride ; in acetone soln,, the first addition 
of the tliiocyanati" jiroduces a precipitate which clears uj> on adding more reagent, 
with excess, potassium chloride is precipitated ; ammonium tliiocyanate gives a 
precipitate of ammonium chloride in acetone and pyridine soln. ; in methyl 
ac<?tate soln., similar results are obtained with potassium and ammonium 
thiocyanates. H. Moissan and 8. Smiles reduced mercuric to mercurous chloride 
by heating it to or GO"' with amor|>hou8 Silicon. According to A. Colson, silicon 
SVdphide when heated with mercuric chloride forms silicon chloride HiCl^. 0. Ruff 
and K. Albert found that sUico chloroform b decoinjiosed cataly ticully by mercuric 
chloride at ; and M. Phillips, that copper silicide, CujSij,, is deromjiosed. 

J. L. Gay Lussac and L. .1. Thenard reported that mercuric chloride is reduced 
to the metal when heated with potassium or sodiom. 8. Kern, and K. 8(.‘ubert an^ 
A. fSchmidt found that when mercuric chloride vajwur is passiid over* molten mag- 
nesium, some mercur}^ is formed which partly amalgamates with the magnesium. 
According to A. Cossa, al uminium reduces the vapour of mercuric chloride With the 
evolutbu of heat. According to F. Capitaine, the metals bismuth, Sino, tin, iron, 
nickel, lead, and copper decompose mercuric chloride, forming mercurous chloride 
or metallic mercury which may form an amalgam with the excess of metal— for 
example, calomel and stannous undstannic chlorides ; and, according to N.W. Fischer, 
silyer forms a sublimate of mercurous chloride and a residue of silver chloride. . 
According to N. W. Fischer most metals — nickel, copper, iron zinc, cadmium, 
bismuth, platinum, iron, etc.— precipitate mercurous chloride or mercury or 
both from aq. soln. Mercury can be completely precipitated by magnesium 
from aq. soln. of mercuric chloride ; H. Rose found that zinc likewise reduces 
merely from the same soln. and amalgamation occurs if the soln. is acid; 
cadmium likewise forms needle-like crystals of amalgam. According to 8. Peck, 
iron-— ferrum reductum — ^fonns mercurous chloride, and N. W. Fisoiier says 
that iron precipitates metallic mercury. The reaction is represented HgCl^-f Fe 
— FeCl 2 +Hg, and it has been employed for detecting the presence fii free iron in 
the presence of ferrous oxide. According to E. D. Campl^ll and S. 0. Babcock, 
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Chloride ; and, aocirding to M. C. I^a. G. Wetz ar, and A. Vogel 
forma silver and .nercuroua ^h'oride. ; accordmg to E. Schdf 
with hvdroizen reduces mercuric chloride ; according to H. Moissan, cmromi^ 

"*'i. .lid- i .;d,««.rdi« » vr e 

metallic film. H. Reinsch said that no change is perceptible when a strip “PP“ 
is immersed in a soln. containing one part of the salt in 5000 parts of water, 
if the soln. he boiled, the copper acquires a golden-yeUow colour, while if hydr^ 
chloric acid he nrescnt a grey film appears which, under the microKope, appeare 

of lit ispmsent in 1 5,000 parts of waU-r. If the copper oil K dried, the gr^ film 
when rubbed becomes as bright as silver. Copper, zme, aluminium, and tin r»I>'d y 
precipitate mercury and iiiercurous chloride from soln. of mercuric oWondo '« 
mtri/e ; the action is slow with magnesium, iron, antmiony, ^ 

lead • mercury i.mcipitates mercurous chloride ; silver fornm a mixed pricipit 
of silver andl'ereurous chlorides; arsenic, gold, and platinum " 

The metals copper, magnesium, zinc, lead, antimony, and 
mixture of mercurous chloride, and mercury from soln. of mercuric 
' acetate; mercury and cadmium give mercurous chloride ; “■‘ver u niatun. of 
mercurous and silver chlorides ; iron gives a i.recipitate of ferrous 

arsenic, gold, and platinum have no action. Again, zinc, bismuth, and 
aluminium rapidly precipitate mercurous chloride and mercury from soln. of ni r 
curie cldoride^u/methylal ; the action is slow with copper, ^ 

cadmium, and lead ; silver gives a small precii.itate of mercury 
chloride; iron and mercury give a precipitate of ‘ 

arsenic, gold, and platinum have no action. Soln. of mereuric chloride m acetone 
Tnot redmied by arsenic, antimony, lead, cobalt, am silver ; cadmium cop,H . 
nickel, mercury, and tin form mercurous chloride ; while iiisgncsium, zinc, 
aluminium, and bismuth give mercury and mercurous chloride. 

H Rose “ said a soln. of lerrOlttSUlpliate does not precipitate mercurous chlor do . 
but ferrous salts generally reduce mercuric salts in darkness ; the precipitation of 
mercurous chloride, according to C. Winther, is hindered 

•salts A. MaMhe said that niclwloiw hydroxide is not aflected in the cold, but when 
heated some is dissolved. W. Giblis found mercuric salts were reduced by am- 
7Mpho7olylKUte. S. M. Jorgensen found chlotopurpureochw^ 
fhl oriHn and some complex cobalt salts give precipitates with mercimc chlorick 
Mercuric chloride gives a brick-red precipitate of mercurous chromate when treated 
aolublti normal chromates, but not with dichromatee. 

When dry mercuric chloride is heated with the alk^ hydroxidM or 
, a sublimate of mercury and a residue of alkali chloride is fortned-in 
case omen, and in the latter case carbon dioxide is given oS. As 
and K Voit have shown, whim a hydroxide of the alkalies or alkalme e^hs >» 
to a soln. of mercuric cUorido, a reddish-brown precipitate of a 
« n r*i rtT Hff OClo is formed provided the mercuric salt be m excess . 2HgU 

« .s. 

+H^O,Cl, • w^reM if the alkali be in excess, yeUow mercuric oade is premp^ 
W 4 - 2 K 0 H= 2 KCl 4 -H 50 +Hg 0 . H. Lescceur represents the system 

tated: , nTroiT-^‘2KOl4-Hc04-H»0 : and, 

AH acouiriniz a state of equilibruim : HgCl 2 + 2 K.Utl.,r-/^^ii-ng'-'T -"2 » » 

u shoV by M- lehmann, the basic salts and mercuric oxide ^'^'*y 

L. Vi^on, C. Arnold, W. Herz, and H. Debray have studied the character 
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ot the precimUte produced under different conditiona. K.. Voit found that if 
alkali chloriaes are preaent. the soln* can be made alkaline with sodium hydroxide 
without the formation of o precipitate ; in the presence of ammonium chloride, the 
precipitate by the alkali hydroxides r»‘iM?niblea that produced by aqua ammonia 
alone. According to L. Dobbin, when a mixtun^ of mercuric chloride with potas- 
sium iodide and atmnonium chloride is trt*ated with alkali hydroxide, a yellow or 
brown coloration is p^roduccd, but not when treated with alkali carlionato. H. Vit- 
tenet found that the hydrocarlXHiatoS in ordinary waU‘r give a small precipitate with 
a soln. of mercuric and ammonium chlorides. The pn‘cipitation is also influenced 
by the prewnce of organic comjmunds — in the presence of cone, acetic acid, for 
example, A. Vogid found the pn-cipitation is slow and incomplete and with sugar, 
or gum arabic, lime-water gives no pn‘cipitate unleas, as F. W. Flashof and 
A. W. Buchner showed, the soln. has stood a long time. C. II. Pfall, and P. L. Geiger 
found magnairilini oxide or calcium oxide im'cipitaU'N mercuric c»xide, but not, 
according to A. Mailbe, if alkali chlorides be pn'sent. K. Haack said that barium 
oxide prt‘cipitate8 mercune oxide from boiling soln. of mercuric cbloritle. Accord- 
ing to A. Naumann, magnesium oxide ; sodium bicarbonate ; calcium oxide, 
hydroxide or carbonate ; barium, strontium or magnesium carbonate, and potas- 
sium hydroxide, are without act ion on soln. of mercuric chloride in methylal ; potas- 
sium carbonate gives a y<‘llow soln. A soln. of mercurio chloride in bensonitrile is 
coloured yellow, and mercuric c.arbonate or oxide sejairaU's out when the soln. is 
treated with sodium or potassium hydroxide, and ])otassium carbonate ; while 
sodium carbonate or calcium (fxide, hydroxide or carbonate has no visible action. 

H. Rose,-^ H. Schindler, and V. Winckler. noted that when treated with alluU 
carbonates, a soln of mercuric clilorhle first becomes turbid, then rc'ddons, and 
finally prccipitab's a reddish-brown basic carbonate, JIg(X)3.iingf), that is: 


0 


, () Hg D Hg 

' Hg 0 Hg 


>0 


Alkali-hydrocarbonates pn*cipit.ate various oxvchloridcs from soln. of mercuric 
chloride. According to If Arctowsky, barium Carbonate ])reci]»itateH a basic salt 
m the cold with mercuric nitrate but not with the chloride. According to L, b. de 
Konuick, barium carbonate usually acts only on those wilts which can (>e more or 
less decompowMl hydrolytically by water so as to form a basic salt and free acid. 
The barium carbonate acts liy neutralizing the free a< id and leaves the water still 
further to react with the salt. P. L (jeigrr also found an excess of mAffnesium 
CUrbonate gives a reddish-yellow precipitate with soln. of mercuric chloride. Ac- 
cording to K. Thiimmel, ammonium carbonat<* soln. give a yellow jire^ipitatc of an^ 
animine oxychloride, Jfgf^L IfgO 2NHjjHgCl. According to M. Dulcelsky, the 
borates of the alkalies and alkaline earths, magnesia, and magnesium hydroxide or 
carbonate give a [irecipiUte of mercuric oxychlorido, but not of mercuric oxide. 

According to F. Diacon,-'* S(dn. in alcohol reduce mercuric to mercurous 
chloride, and the action is faster the greater th<'. numlier of hydroxyl groups in the 
mol., for example, manni tA is carbonized at liO^. According U) J. Davy, and 
P. F. G. Boullay, the soln. in acj. alcohol — not absolute alcohol or etner- is 
reduced to mercurous chloride in sunlight, while a soln. in tiirjientine oil is not 
affected by light. E. Feider found aldshydes— c.7. formaldehyde— reduce mercuric 
chloride soln. to mercury. According to P. A. von Bonsdorff, potassium formate 
at 50 '^- 80 ° reduces mercuric to mercurous chloride, and with protracted boiling 
mercury is formed ; and, according to J. W. Dobereiner, and F. L. Winckler, a boiling 
soln. of sodium f(umiat%rcduccs mercuric to mercurous chloride, but not to mercuir. 
The reaction w'as proposed to M. Porteg and M. Ruyssen, as a method for the 
quantitative detennination of the formates and formic acid, but A. Bc’al# showed 
that the reaction is not quantitative m the prewnce of ac<*ti<‘ and butyric acids ; and 
A. Lieben, that a large excess of mercuric chloride is needed, and the mixture must 
bo heated G-8 hrs. on a water-bath. H. Rose showed that the presence of various 
VOL. IV. 3 H 
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chlorides or of acetic acid regards the speed of the reduction. A. Findlay and 
M. J. P. Davies showed that the reaction is of the second order, and the velocity 
determinations agree with : 2llgCl2-fH.C00Na=2HgCl-fNaCI-f-HCI-fC02 ; and 
it is therefore inferred that the reduction takes place in stages. G. A. Linhart and 
co-workers explain the reduction by the same hypothesis as that employed for the 
reduction with phosphorous £v;id— N. R. Dhar said that the oxidation of sodium 
formate is unimolecular with respect to both substances, and the whole reaction 
is bi molecular. When exposed to light, mercuric chloride is reduced by OXaliC aoid 
or tho alkali oxalates to mercurous chloride— with ammoniom oxalate, ammonium 
chloride and carbon dioxide are formed at the same time. The sat. soln. do not 
react in darkness. The reduction by ammonium oxalate is faster in vacuo, or in 
an atm. free from oxygen, N. R. Dhar showed that the reaction 2HgCl2+K2C£04 
-2K0l-l-2C024-2HgCl is induced by sunlight, the light from a carbon arc, a quarte 
mercury vapour lamp, or an arc, between electrodes of thoria and zirconia. A. Jodl- 
bauer and I{. von Tappeirier said that the reaction is accelerated by fluorescent 
Hubstan(a‘H -fluorescein, anthracene, anthraquinone disulphonate, acridine, benzo- 
lluviue, phenylquinaldinc, quinine, a)sculine, and by hydrogen ; and J. H. Kastle 
and W, A. Beatty say that it is accelerate<i by () 0(XKJ(J(),0195 grrn. of potassium 
permanganate, by 0 (XX)(XK),01G grm. of ferric chloride, or by other oxidizing agents, 
but slackened by potassium chromate. N. R. Dhar studied the reduction of mercuric 
( hloride with oxalic, tartaric, malic, malonic, glycollic, and citric acids. Malonic' 
acid acts more slowly than oxalic acid. According to E. Rupp and A. B. Dott, 
tartaric acid reduces mercuric chloride in the pr(*8ence of manganosi' dioxide ; 
potassium tartrate reduces mercuric to mercuric chloride in darkness and in light ; 
the reaction is accelerated by heat. The white of an egg or albumin gives a white 
sparingly soluble ])recipitate with mercuric chloride, and hence its use as an antidot<' 
for corrosive sublimate. J. B. Kammerer found that between 30° and 40° th(‘ 
white of an egg also reduces some mercuric to mercurous chloride. J. Muller found 
f h(' jirescTice of sodium chloride retards the ]»reeipitation. According to T. Gayda, 
th<'. thermal value of the reaction is 14*3 cals, per gnu. of albumin, and is independent 
of the vol. of the soln. A(‘eording to M. »Si(!gfried, a soln. of gelatine gives a pre- 
cipitate with a soln. of imTcuric chloride, and the filtrate furnishes crystals of 
mercurous chloride after standing for some time, and glycocoll behaves similarly, 
pr('ei])itating crystals of mercurous chloride in about ten days. J. B. Kevins says 
an aq. soln. of one part of corrosive sublimate and KX) })art8 of gum arabic becomes 
turbid in a few hours, and in G days furnishes a small grey deposit, and he obtained • 
analogous results with dt'i'octions of various ])lants. F. Vulpius found pepsin also 
* reduced nuX'curic to mercurous chloride. A. Vogid, and H. Ley, said that sugar 
precipitates mercurous chloride from a boiling soln. of mercuric chloride. Many 
organic compounds form addition compounds with mercuric chloride and a very 
great number of organo-iiicrcury compounds have been reported. Mercurh; 
chloride is one of the best of antiseptics, and it is used in aq. soln. 1 : lOOO or 1 : 40(X). 

It enters into the composition of a number of medicinal preparations. 
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H. Ley. Z(,t. phgs. ( hm., 80. 249. 1899. 


§ 13. Mercuric Oxychlorides Basic Mercuric Chlorides 

The hydrolytic action of water on aq. twin, of niercurio chloride, has been 
[ireviously disciiHsed. In 1815, J. L. Proust ^ showed that some nn reiirio oxide 
dissolves when boiled with aq. soln. of men.;urie chloride ; the soln. becomes turbiil 
on coolinj*, and deposits crystals of a mercuric o.vyehUinde. In 1849, C\ Uoueber 
emphasized the fact that the composition of the o.vyc liloride formed by the action 
of mercuric chloride soln. on mercurh’ oxide is dilTenuit according as the yellow or 
H'd oxide is used, and likewise acc(»rding to tin* t4‘mp. and nature of the solvent. 
A large number of mercuric oxychlorides- and m some cases isomeric forins has 
been reported. They are produced by the action of r(*d or yellow mercuric oxide 
on aq. or alcoholic soln. of mercuric chloride ; by the incomplele jirccipitation 
of a soln. of the chloride by an alkali hydroxide, carbonaU', or liicarbonato ; by 
fusing together the oxide and chloride at about 300 ' ; by the inconiph'tc action of 
chlorine on mercuric oxide ; or by the hydrolytic action of waU r on oxychlorides 
of low basicity. Nino compounds with HgCl.^ : HgO rcsjiectivt ly as 2 : 1, 1:1, 
2 : 3, 4 : 7, 1 : 2, 1 : 3, 1 : 4, 1 : 5, and 1 : 0 have been rcjiortcd, and for somi* of these 
i.^omenc forms have been described. A. Driot said tliat the four oxychlorides 
2:1, 1:1, 1:2, and 1 : 3 exist in soln. when mercuric oxide is boiled with an aq 
soln. of mercuric chloride for e'ight hours when O o to 1 0 jier ci'iit. of the last- 
named salt IS present, the 1 : 3 compound wqiarates in yellow W black iK'cdles when 
the soln. cools ; with 4'0 to 8 0 (ler cent. HgCI.^, block rhombohedra of the 1 : 2 salt , 
with .‘3fJ per cent. HgCl 2 , a mixture of the 1 : 2 and 1 : 3 salts whieh can be separated 
by levigation from the 2:1 salt He also prepared the 1:1 salt as iiidieab'd 
Udow. A. Driot made only one form of each of the four oxychlorides. K. Thiimmel 
ls3lieved that only the five c.omj)ounds 2 : 1, 1 : 1, 1 : 2, 1 : 3, and 1 : 4 really exist. 
K. P. .Sehoch omitted the 1 : 1 compound, and further supposed that ihomeric fornrt 
of the 1 : 2, 1 ; 3, and 1 : 4 forms exist. As in the caw* of the other basic chlorides, 
there is some uncertainty as to which of the oxychlorides are chemieal individuals, 
and the uncertainty will remain until the conditions of stability have been 
thoroughly investigated in the light of the phase rule. H. 'Foda studied the system 
HoO-lIgf’lg'lIgO, at 3r>°, and the results are summarized in Kig. 1 !, when*. N denotes 
in the ratios 10<lmH20 : : (KKJ— a;)HgO. Here th«*r<! are 

only two oxychlorides 1: l,aiid 1:4. E. P. Sihoch projiosed naming tin* oxy- 
chlorides in such a way as to indicak by a numerical prefix the nuinlsT of mercury 
and oxygen atoms in the simplified empirical formula. This is a t<*nq)orary 
expedient until the constitution and mol. wts. are known. 

C, Rouchcr prepared yellow cubu; crystals of the 1 : 2 salt, tritnercuric oxy- 
chloride, HgCl2.2Hg(J^or ClHg.O.IIg.O.HgCl, by dissolving as much finely divided 
mercuric oxide as possible in a boiling soln. of 30 to 35 gnus, of mercuric chloride 
in 100 c.c. of water. The crystals which separate between 00' and 70'^re dried, 
and then washed with ether. K. Thiimmel, E. P. Sehoch, and A. Driot employed 
somewhat similar processes. Indeed, according to the former, this (Mjmpouna is. 
present in all soln. of mercuric chloride in which mercuric oxide hasibeen dissolved^ 
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and he added that if a cone. Holn. of mercuric chloride be carefully poured over 
moist mercuric oxid*c at the bottom of a tall cylinder, white octahedral crystals of 

the 2:1 salt will grow 
above the black 1 : 2 salt. 
According to K, Thiimmel, 
the crystals have a sp. gr. 
6-42 (27-5^. The salt is 
decomposed by warm water 
or cold alcohol, forming the 
red 1 : 2 salt ; and with hot 
alcohol, the black 1 : 2 salt 
is formed. According to 
C. Roucher, potassium 
hydroxide gives a yellow 
precipitate, and, according 
to K. Thiimmel, sodium 
hydroxide gives a red pre- 
eipitati' of mercuric oxide. 
N, Tarugi failed to prepare 
this salt according to 
C. Roucher’s or K. Thum- 
mcl's directions, for the 
MoLdr per cent • chlorine in the product he 

Fid. 14.- I'Uiuilibrium relations in tho obtained varied between Id 

IIkCIj— HgO— II/), at W. ‘ and 21 per cent., and never 

came near tlie theoretical 

18'7 per cent, required for the 2 : 1 salt ; but E. P. Schoch’s products gave 18’4 to 
18'5() pi’-r cent, of chlorine. 8. Toda obtained no evidence of this compound 
at 25°. 

A. Driot prepared a yellow amorphous powdi'r of the I : 1 salt, dimercuric 
ozyohloridei HgCl 2 .ngO, that is, HgCl— 0— HgCl, by heating mercuric oxide for 
six days at IW with an excess of a 3(3 per cent. soln. of mercuric chloride ; or by the 
evaporation of a sat, soln. of mercuric oxide in mercuric chloride on a water-bath, and 
washing out the free mercuric chloride with alcohol. G. Andre says this salt cannot 
be obtained in the wet way, and he made it by heating OT eq. of red mercuric oxide 
with rather more than O'l eq. of mercuric chloride in a sealed tube in an oil-bath. 
K. Haack made it as a yellow jirecipitak by mixing dil. or cone. soln. of mercuric 
chloride and disodium hydrogen phosphati! in any jiroportion whatever; and ho 
lllso made it by adding powdered mercuric chloride to molten disodium hydrogen 
phosphate. According to G. Andre, the heat of formation (HgO, HgCl 2 ) is 105 
Cals. The salt gives yellow mercuric oxide when treated with potassium hydroxide. 
K. Thiimmel supposed this salt existed in an aq. soln. of Jiiercuric oxide in mercuric 
chloride, but he did not succeed in its isolation ; he suggested that it might be 
regarded as the mercuric salt of the hypothetical acid, H 2 (OHgCl 2 ), namely, 
Ug(OHgCl 2 ). 8. Toda obtained this compound under the conditions indicated in 
Fig. 14. He said that it furnishes dark pur])le-red acicular cr}’8tals, and is probably 
the compound made by J. Volhard from mercuric chloride and sodium acetate, 
and by N. A. E. Millon, K. Thiimmel, and E. P. Schoch from mercuric chloride 
and potassium carbonate. 

The 2 : 3 salt was reported by G. Andr6 to bo formed as an amoriihons precipitate when a 
Boln. of yollow mercuric oxide in a hot sat. soln. of maffnesium chnride is cooled and then 
poured into a large excess of water. K. Volt made what he regarded as the 4 : 7 salt by 
gradually adding aq. sodium hydroxide to a dil. soln. of mercuric chloride — with the first 
addition, the sola, remains clear, then it becomes opalescent, and deposits a white fioooulent 
. precipitate which becomes yellow and then red on exposure to air. A soln. of sodium 
^ehloruie restores, the white colour. The white fiocoulent precipitate, dried at 100**, has a 
composition corresponding with 4HgCl,.7HgO. 
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If mercuric oxide be mixed with a 30. pr cent. aoln. of mercuric chloride, and 
kept for six davs at 100", the 1 : 1 Halt is formeil ; but with a I- 8 per cent. sola, of 
the chloride, black rhoinbohedral cryatala of the 1 : 2 salt apjwnir ; and if a 0 5 to 
4 per cent. sola, of the chloride is used, yellow t<i black nee<Ue-ljke crystals of the 
1 r 3 salt are formed. If the oxide be heated with the chloride in a 8t*aled tula*, the 
1 : 2 salt appears. Red and black forms of the 1 : 2 salt , trundrouiio diOiy<^Orid0» 
HgClj.2HgO, have In'en reported. Accorilmg to K. P. Scho(‘h, the methods for 
preparing the two varieties art‘ analogous except that for the black the liquid 
should be alkaline, and acid for the red. The m/ fvirffty st‘ems to have btien first 
made by A. J. Ralard by the action of »alcium hypochlorite on mercury. 
N. A. E. Miiloii made it bv the aetion of a eohl sat. soln. of potassium bicarbonate 
on 6 to lU times its volume of a soln. of inert iiric ( bloride. sal at 15*'. G. Andr4 
used a similar method There an' several inoditieations of N. A K. Millon’s proceiw 
for making this salt, by adding a solu. t)f a normal or acid alkali carbonate to one 
of men-uric chloride : c . for each mol proportion of im-rcuric < blonde. K, Tbummel 
used I .375 of to 2 (» of NalirOj, or 0 1 1G7 of Na.g(X);, m a boiling 

soln. The mother liquul should Ik* promptly poured off th<' n d prt'cipitale or the 
colour efiuiiges to purple, vioh't or brown. E. P. S< h<M*b healt'd uii iiituiiate mixture 
of mercuric o.xide with half a mol. proportion of mercuric chK>ndc for <• t^» 8 lirs. 
in a sealed tube at and extracted the mass with anhydrous ctln r in So.xhletH 
apjiaratus so as to remove the fre<* mercuric chloride. If less men un< i ldoridc be 
used a mixture of the 1 : 2 and the 1 : 4 salts is formed. K. Ilaack made this salt 
by the action of disodium hytlrogcn phos])hale on a soln. of men unc i hloride. 
n. Arctowsky heated in a larg<* Hask to IKi' for 48 hrs. a 5 ])er cent s«dn. of mercuric 
chloride with some pieces of marble. Aft<‘r removing the marble, the soln. was 
cooled slowly to .50''' for the Siilt. 

When an excess of men uric oxide stands in contact with a dd. stdn of mercuric 
chloride, the hl^tck mrifiif of trimercuric dioxychloride forms in the lo\V(‘r layers 
where the mHu<‘nce of the mercuric oxide is pn'dommant; it docs not form in the 
U])per layers. According to P. C. Hay, if a neutral wdn. ol men uroUH nitrite, wliich 
IS always contaminated witli a little mercuric nitrite be treated with sodium chloride, 
mercurous cliioride is precipitated, and if an excess of the salt soln. be used, the 
spontaiK'ous evaporation of the filtrate furnishes a mixture of two oxyehloridea of 
the same eoinpo.sitioii, IfgClg ^HgO jHgO, but om* is black, the other orange. 
iSodium hydroxide eonverts the black variety into the orange cohnired one. 3 he 
block variety was made by M. Donovan, and P. Grouvelh* by the ui tiuii of red nu'reuric 
oxide on a soln of luercunc chloride ; H. Pliillips, K. 'rinimmel, h, P. S<'hoch, and 
A. Driot used a siiinlar pro<‘esK. Thus, the laHt-named boihal a 4 to 8 per cent, 
soln. of mercuric eliloride, sat. w ith inercuri*' oxide, for about 8ljrff,aTi(l filtered 
the hot liquid. On cooling the eonq>ound He))arated out. C. Itouclier made it by 
the action of alcoholic soln. of mercuric chloride on menuric oxide. II. 'fhaulow 
treated mercuric oxide with cold chlorine hydrate, or hypochhirous acid. J. Vol- 
hard made it by mixing a cold sat. .soln. of mercuric ebioride and sodium acetate. 
The liquid is alkaline, and aft<‘r standing some days, crystals of the hla<'k comjiound 
appear along with a flocculcnt biil».stanre which is easily separated. A further cro)> 
of crystals is obtained by adding some potassium hydrocarbonate. J. 8. van Nest 
hung a piece of marble in a 5 per cent, soln. ot mercuric chloride heab'd on a W'ater- 
bath for 48 hrs. at 70" ; and slowly cooled the liquid. K. Thummel treated 10 parts 
of dry trimercuric dioxynitraU*, HgfNOjljj.-^HgO.H^O, for .3 lirs. witli a soln. of 
r9 parts of potassium chloride; the pn*cipitate wdiich is at first red changes to 
black, N, A, E. Milled made the black 1 : 2 .salt by jiouririg one vol. of a cold sat. 
aq. soln. of potassium bicarbonate into three vols, ol a soln. of mercuric, chloride sat. 
at 15", and on stirring with a glass rod black streaks appeared on the walls of tae 
beaker. The liquid is poured from the beaker and a new mixture run in, and stim^ 
The precipitate which forms is washed with cold waU-r, and dried pver sulphuric 
acid. E. P. Schoch used an analogous process. 
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The red variety is coloured variouB ehadee of red, and, according to E. P. Schoch, 
it forma pyramidal crystals beloi^ing to the hexagonal system, while, according to 
J. Blaaa, the black variety, obtained by the prolonged action of dil. nitric acid on 
partially precipitated mercuric chloride, forms monoclinic prismatic crystals which, 
according to J. Volhard, have the axial ratios a:b: c=0‘9178 : 1 : 09978, and 
^=66^ 30'. J. 8. van Nest gave rather different measurements for a sample prepared 
by the calcium carbonate process— inz. a : 6 : 0=19728 : 1 : 1*0452, p=125° 57'. 
E. P. Schoch gave for the sp. gr. of the red variety 8*16 to 8*43 (27*5°) ; and for the 
black variety, 8*53 ; for the black variety also J. Volhard gives 8*670 (17°) ; J. S. van 
Nest, 8*286 ; and J. Blaas, 8*63, and hardness 2*5. Neither compound is affected 
by water at ordinary temp. Potassium or sodium hydroxide gives yellow mercuric 
oxide with the red variety ; and red mercuric oxide with the black variety. Alkali 
carbonates and chlorides readily attack the red variety in the cold, but not the 
black variety even on boiling. According to M. C. Lea, the red variety is darkened 
by the application of a high press. G. Andr6 giv<‘s the heat of formation 
(HgClg, 2HgO) as 315 Cals. N. Tarugi believes that both varieties are oidy mixtures 
because of the variability in the analyses of different preparations. S. Toda 
obtained no evidence of the existence of this compound in his .study of the ternary 
system HgCl 2 - ilgO llgO, at .3.5°. 

According to W, F. Hillebrand and W. T. Schaller, the mim-ral klcinite from 
Terlingua (Texas) has the composition 85*86 per cent. Hg ; 7*30 })er rent. Cl ; 3 *lU 
per cent. SO 4 ; 2*57 per cent. N ; and 1*03 per cent. H^O, and it is thought to be a 
mixture of a mercury ammonium chloride, NHg 2 Cl, with a smaller amount of mercury 
sulphate or oxysulphate. A. Sachs’ analyses of a mineral from Breslau corrc'sponded 
with the formula for tetramercuric trioxychloride, HgCl^.SHgO, and he regarded 
the nitrogen and 8 \;lphuric acid, also present, ah Beimngtnuj nicht ah integrirende 
Bentandtheile des Minerah. W. F. Hillebrand also found minute octahedral crystals 
of mosesite, a canary-yellow mineral analogous in composition and properties to 
kloinite, on calcite from Terlingua (Texas). The crystals of klcinitc arc hexagonal 
with a : c=l : 1*6642. The sp. gr. of the orange crystals of kleinite is 7*96 to 7*99 
and of the yellow crystals 7*94 to 8 04. The hardness is between 3 and 4. The 
crystals of kleinite and mosesite are optically birefringent, but tlx'y beconu! isotropic 
respectively at 194° and 184° ; on cooling, they slowly rev(*rt to tlx* birefringent 
form. The mean refractive index of kleinite is 1 * 8 . The crystals of mosesite 
are slowly changed to calomel by hydrochloric acid ; klemiO* is slowly dis- 
solved. There is no perceptible sublimate when kleinite is heated to 260‘\ 
for many hours, but between 260° and 280°, a sublimate of calomel and mercury 
appears. 

Tetramercuric trioxychloride, HgCl2.3HgO, has been reported in yellow crystals 
of prismatic and tabular habits, as a yellow and as a brick-red amorphous powder. 
E. P. Schoch made yellow 'prismatic crystals of HgCl2.3HgO by shaking together for 
ten minutes a mixture of freshly precipitated mercuric oxide with a cold sat. soln. 
of mercuric chloride in proportions not exceeding two mols of the latter to one of 
the former. After decanting off the liquid, the residue was dried on a porous tile, 
and washed with absolute ether. If ordinary powdered and levigakd yellow or red 
mercuric oxide bo employed, as recommended by K. Thiimmel, the product agrees 
with HgCl2.3HgO, containing much free oxide. A. Driot made the same compound 
by saturating with mercuric oxide a boiling soln. with between 0*5 and 4 per cent, 
of mercuric chloride. After boiling 8 hrs. the mixture was filtered rapidly and the 
crystals of HgCl 2 HgO which first separate are followed by those of the salt in question. 
These are washed with alcohol. N. A. E. Millon made yeli'm tabular crystals by 
pouring a cold soln. of mercuric chloride, sat. at 15°, into an equal volume of a sat. 
soln. of petassium bicarbonate ; G. Andr^ employed an analogous process ; he mixed 
equal volumes of cold sat. soln. of mercuric chloride and potassium bicarbonate ; 
J. S. van Neat poured soln. of mercuric chloride and potassium bicarbonate in the 
mol. proportion 8 : 11 into about a litre of water at 85°. H. Arctowsky heated two 
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litres of a 5 per cent, eoln. of mercuric chloride for a month at and cooled the 
floln. ever)’ evening ; if the temp, be 97'* he said the compound is not fornu^d. 
C. Roucher reported citron-yellow amorphous powders to be formed by the action of 
mercuric oxide on a soln. of mercuric chloride* but K. Thiimmel says it is a mistake 
to suppose these powders amorphous, they are crystalline. P. Qrouvelle, K. Voit, 
N. A. E. Millon, and G. Andre have also described brick-n^d amorphous jmwders 
obtained by the action of alkali hydroxides or carbonates, or calcium chloride on 
mercuric chloride. K. Haa^'k made them by the action of a soln. of sodium chloride 
on mercuric phosphate, or a mixture of mercwic and an alkali chloride. The red 
powder probably differs from the yellow, merely in the sire of grain. 

N. Tarugi suggested that all these processes for preparing the compound 
HgCl 2 . 3 HgO give mixtures of mercuric oxide and chloride m indelinite ))roportionB 
because instead of the theoretical 7‘72 per cent, of chlorine, the yellow crystalline 
substance prepared in different ways contained from 3’8 to 7 9 per cent, of chlorine ; 
the yellow amorphous powder, 2 9 to 6‘2 per cent, of chlorine ; and t he brick-red 
powder 3 G to 81 per cent, of chlorine. He added that he prepared small yellow 
crystals of delinit(* comjwsition by placing small cubes of white statuary marble of a 
sugar-like texture in a sat. soln. of mercuric, chloride at 15° ; the crystals which were 
formed in 15 to 20 days were separated, washed in hot wat<*r, and dried in vacuo. 
This process is analogous to that employed by R. Phillips in 1830. According to 
E. P. Schoch, the yellow prisms have a sp. gr. 7‘93 (27’r/’). Tin* eompound is not 
changed by light, by heating to 1 10“", or by boiling with a 7 per cent. soln. of mercuric 
chloride ; with an excess of mercuri(‘ chloride it forms 2 llgCl 2 .HgO. Aei ording to 
E. P. Schoch, when heated with waOT it forms yellow plates of HgClo.4IIgO ; and, 
according to K. Thiimmel, alkali carbonates and chlorides also transform it into the 
1 : 4 salt ; boiling with rnerruric oxide does the same thing ; and alcohol deconipoBes 
it, forming mercurous chloride. According to G. Andr^, the heat of formation of 
the yellow plates is (UgCl 2 , 3HgO), 3 95 Cals. N. Tarugi said that when heated, or 
boiled with water or alkali soln., this oxychloride is decomposed into its ( onstitueuts, 
while dll. nitric acid converts it into a white amorj>hous powder, 8. Tiala obtained 
no evidenec of this compound in his study of the ternary systimi HgCl^- -JlgO —JlgO , 
at 35 '. 

A. F. de Fourcroy and L. J. Th^nard obtained a |)recij)itat/e by adding a small 
amount of jiotassium hydroxide to a soln. of mercuric chloride, and, according to 

G. Andre, the product when dried at 1(K)° is an amoqihous brown powder of penta- 
mercuric tetraoxychloridCt HgCl 2 .‘lHgO. K. Thiimmel made the same product 
by treating a sat. soln. of mercuric chloride with normal or acid alkali carbonate- 
say one mol of HgCl 2 with 30 to 35 of KHCO;,. N A. E. Millon also mode thii^ 
product by boiling the amorphous 1 : 2 or 1 : 3 salts with water. Tfin crystalline 
variety is made, according to H. Arctowsky, by heating 2 litres of a 5 per cent. soln. 
of mercuric chloride for a month at 100° allowing the soln. to cool in the evening ; 
the yield is 25 per cent. He also made the same crystals liy leaving jiieces of marble 
in a 10 per cent. soln. of mercuric chloride at 39° for three months. G. Andr6 made 
it by heating for 7 hrs. to near the b.p. red mercuric oxide with four times as much 
mercuric chloride' in aq. soln.— analogous methods were em})Ioyed by E. P. Hchoch, 

H. Thaulow, and K. Thiimmel. According to E. Soubeiran, if an excess of an 
alkali carbonate soln. be added to a soln. oJf mercuric chloride, a red precipitate is 
formed, and nearly all the mercury is removed from the soln. ; but if insufficient 
alkali carbonate be added to precipitate all the mercury, the red jiowder at fust 
precipitated changes to brown crystals. If the soln. of mercuric chloride be 
previously mixed with%odium chloride so as to produce a less easily decomposable 
double salt, a white turbidity first appears on the addition of the alkali carbonate, 
and the brown crystals eventually separate. The formation of these (»ystals is 
accelerated by heat since the excess of carbon dioxide is expelled from the allcali 
carbonate and ite decomposing action on the mercuric chloride prewBnt<*d ; but if 
the temp, exceeds 40°, the precipitate will be mixed with free mercuric oxide. 
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K, Thiimmel, N. A.^E. Millon, and J. S. vhn Neat used analogous modes of prepara- 
tion. M. Dukelsky and J. 8 . van Nest substituted a dil. soln. of borax for the 
alkali carbonate. K. Thiimmel also made the same crystalline product by the action 
of potassium bicarbonate on the crystalline 1:1, 1:2, or 1:3 salt; and 
N, A. E. Millon obtained it by tin; action of wat(‘r on the two last-named salts. 
8 . Toda studied the conditions of formation of this compound, Fig. 14, and it 
appeared as a brownish-Vellow substance, amorphous to the naked eye. 
According to E. P. Schoch, this salt forms hexagonal plates, reddish-brown or black 
in colour, and of sp. gr. 8 008 to 8170 at 27 5^ G. Andr^ says the heat of formation 
ot all varieties (HgCl 2 . 4 HgO) is 9'86 Cals, According to N. A. E. Millon and 
K. Thiimmel, alkali hydroxides give red mercuric oxide ; alkali bicarbonates have 
no action ; it is soluble in acids, insoluble in alcohol and ether. There are some 
differences in the reports of the composition of the black shining crystals ; for 
instance, 0. B. Kiihn gave 2 HgCl 2 . 5 HgO ; H. Thaulow, HgCl 2 . 4 HgO ; and 
P. Grouvelle, HgCl 2 .r)HgO. According to N. Tarugi, identical products cannot be 
obtained by any of the given methods of preparation, for they have a variable 
composition, and cannot therefon* be chemical individuals. 

C. Roucher and K. Thiimmel have reported the I : 5 salt, hexamercuric pejUoxy- 
chloride^ HgCl^.hHgO, by allowing a soln. of mercuric chloride to stand in contact 
with mercuric oxide ; and the 1 : (I salt, /uplmnercunc hexa-os'ychhride, HgCl.^ CHgO, 
by the action of an excess of mercuric oxuhi on cold mercuric chloride dissolved in 
water frequently renewed, form HgCl 2 . 6 HgO.H 2 G ; but, by using a larger (juantity 
of chloride, the anhydrous salt is produced. Neithet of these basic chlorides is so 
well-defined as those which precede, and 8 . Toda obtained no evidence of their 
existence in his study of the system HgCl 2 — llgO — H 2 G, at 35° ; but the oxychloride 
1 : 4 forms solid 8 (iln. with mercuric oxide. 
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§ 14. Mercoric Ammino-chlorides 

Amidogen, NHj, can combine with the metals. The metal amides have a remarkable 
tendency to unite with the chlorides or oxides of the same metal or a metal of the same 
fanuly to form compounds which resemble the oxycldorides, sulphochlorides, or oxy sul- 
phides. . . . Ammonia, NH„ that is, hydrogen amide, H.NH|, (fcn play the same part as 
water, hydrogen oxide, either as basic water or as water of crystallization. It can equally 
well repl^^e the W'ater to which T. Graham applie<i the term saline water.— R. J. Kani 
(1839). 

In additior to the dotible salts of mercury and ammonium which are analogous 
with the double salts of mercury with salts of potassium and the other basic metals, 
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there ie a seriee of ammtiio-com|)ouiidl« * in which ammonia, NHa, pUyi the part 
of the water of crystaliiaation in the salts of niercurj* ; anotheV series of ammonio- 
basic saUs in which amminolysis analogous with hydrolysis has occuntHi, and which is 
typified by the reaction: HgClj-f2NH3<?=iNHjj HgX'l-fNHiri, analogous with 
HgClg-f HCl. Just as the hydrolysis of the chlorides is retarded 

by hydrochloric aci<l so is their amminolysis retarded by the pn’sence of ammonium 
chloride. There is still another series of mixed <iq\td>Q»ic saJu or ammino-basic 
salts in which both amminolysis and hydrolysis have occurred, and it may bt^ typified 
by the am minolv tic reaction : HgCljj 4-2NHs5=^N Ho. Hgt'l f followed by the 

hydrolvtic rt'action : 2(KHo.llg.CI)-f HaO^=ii\H4(’l+(1Hg.NH.HgOH. 

G. Gore,* E. 0. Franklin and C. A. Kraus, and F. M. G. Johnson and N. T. M. Wils* 
more finti mercuric chloride to Imj soluble in liquid amnumia ; the two unite 
to form a series of addition products -ammino-chloridos - in whieli the ammonia 
behaves in an analogous manner to water in salts containing water of crystallisation. 
Similarly, H. D. Gibbs said that mercuric chloride unites with li(jiiid uuihylaminr^ 
forming a white addition product which is but sparingly soluble. Acconling to 
P. Grouvelle (1821), and 11. Rose (18^30), ammonia gas is slowly nbsorlaHl by 
mercuric chloride at ordinary tt'inp. — 575 jicr lont in two days the absorption 
is more rapid if the salt be warmed, and if melted and then cooled in this gas, the salt 
takes up fi'8 ]»er eent. of ammonia. The product thus corn*sponds with mercuric 
monammino-chloride, HgCl.j NHs. The six ammirio-salts of inen’uric chloride 
which have been reported have the ratio ^ Nll^ as 1 : 1, 2 : 5. 1 : 2, 1:3, 
1 : 4, and 1:12. Tlie 3 : 2 iwlt -trimercuric diamminochloride, 3HgCl2.2NH3— 
reported by D. Strdmholm, as a product of the action of ammonia on an almost 
sat. soln. of mercuric chloride in ether, is generally regarded as a mixture. It was, 
however, prepared by M. G (\ Holmes by a digesting at lUO" infusible precipitate 
in a Holn. of <17 grins, of ammonium chloride and C5-13(J griiis. of mercuric chloride, 
Tlie <Tystals obtained on cooling the lilbTed soln. were wush(‘d twice with alcohol, 
twice III ether, and hdt in vacuo for soiim‘ hours. 

The product of tlie action of a current of ammonia gas on hcab'd iiKTcuric 
chloride, or that obtained by volatilizing a mixture of mercuric oxide and ammonium 
chlorid4>, was su]iposed by K. J. Kane to he mercuric monammiuochloride, 
Hg(Jl2.NH3 — vide Hupra. E. Mitsclierlich ^ prepared the same compound by 
sublimation from a mixture of mercuric oxide and ammonium chloride ; and 
G. Andr^, by the gradual addition of a soln. of rnen'uric chloride to an animoniacal 
soln. of ammonium chloride so as to avoid a rise of temp. The curdy precipitate 
is washed by decantation with cold water until it loses the smell of ammonia, and 
then dried at KKt . A. Naumann made it by passing an excess of ammonia gas 
into a soln. of mercuric chloride in l>eiizonitrilc. Tins coinpoumf melts wheif 
heated, and sublimes without much loss of ammonia ; it is insoluble in water, hut 
is decomposed hv prolonged contact with hot water, forming a yellow substance. 
According to R. J. Kane, it is resolved by water into soluble alenihroth salt and 
insoluble infusible white precipitate: 2(HgCi2.NH8) — NH2.Hg.Cl4*NH4HgCl5. 
L. Pcsci believed the alleged monoarnmine to be most probably a mixtuni. 

R. Varet claims to have made ttiercuric sesquiummim-chloridc, 2Hg0l2.3NH3, 
by the action of ammonia gas at 0® on mercuric chlorocvanide, HgClGy ; R. Jarry 
also supposed this compound to be present in aminoniacal soln. of mercuric 
chloride. 

There have been many attempts to explain the coiiijtosition of fusihk while 
precipitate or the white precipitate — mercurius prcBcipUaiwi aUms--oi the pharma- 
copoeia, and the systematic name applied to the cornymund has changed 
with the fashion for representing its composition in a partirular way. Thus, its 
ultimate cotu])osition corresponds with HgCl2.2NH8, and 0. F, Ramn^elsberg,^ 
and L, Pesci arranged the symbols to 3NH4Cl.NHg2CJ, whii h makes it appear as 
a double ammonium dimercuriamnumium ckhride. H. Gaudech onbrranged the 
symbols 2HCI.NHg2(NH8)jCl ; K. A. Hofmann and E. C. MarburgjHg(NHjCi)2, 
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mercuridiammonium chloride; and H. Fnrtb, NHgCl.Hg.NH^Ci, or else as 
CI.Hg.NHgCl. Acdbrding to E. C. Franklin, it may be formulated as Hg^.SNHg, 
or Hg(NHg) 2 Cl 2 , where the ammonia is united as ammonia of crystallization. This 
latter view makes the name mercuric diammino-cbloride. 

Mercuric diammino-chloride was made by E. Mitscherlich by slowly adding a 
sob. of mercuric chloride to a boiling ammoniacal soln. of ammonium chloride so 
long as the precipitate redissolves ; the rhombohedral crystals of the salt — possibly 
contaminated with a little infusible white precipitate, NH2.Hg.Cl — separate out 
on cooling. D. Stromholm used an analogous process. G. F. !^mmelsberg made 
this salt by dissolving freshly precipitated mercuric oxide in an ammonium chloride 
Boln. and treating the liquid with aqua ammonia. G. Andre, H. Gaudechon, 
and K. A. Hofmann and E. C. Marburg employed an analogous process. According 
to G. Andr6, the curdy precipitate can be obtained in a crystalline form by heating 
with ammonia to 200'^ in a sealed tube. P. L. Geiger has stated that a cold soln. 
of ammonium chloride has no action on red mercuric oicide, but that a hot soln. 
the colour of the red oxide changes to yellow, provided that the soln. contains 
a])proximately one part of ammonium chloride for every four parts of mercuric oxide ; 
while if about one part of ammonium chloride is present for every two parts of oxide, 
infusible white precipitate is formed ; and, added L. Gmelin, fusible white 
precipitate is produced if an excess of ammonium chloride be present. P. Geiseler 
made this compound by adding sodium or potassium carbonate, in not too 
great an excess, to a cold aq. soln. of equal parts of mercuric and ammonium 
chlorides — (ivery 100 parts of the mercuric chloride required li)l parts of crystallized 
sodium carbonate for complete precipitation, and yielded 103'2 parts of the well- 
dried precipitate— 1 ’4 parts of mercury remained in soln. If about 3J times as 
much sodium carbonate be used for the precipitation, the precipitate when washed 
acquires a yellow tinge, but recovers its whiteness when washed with a soln. of 
sal-ammoniac. A. Duflos, G. Krug, K. Thiimmel, and C. H. Hirzel obtained similar 
results with ammonium carbonate. L. Pesci, C. F. liammelsberg, G. Krug, and 
U. J. Kane converted mercuric amidochloride, NII2.Hg.Cl ; dimercuriammonium 
chloride, NHg2Cl ; and the chloride of Millon’s base, HO.Hg.NH.lIg.Cl, into mercuric 
diammino-chloride by treatment with a soln. of ammonium chloride. According 
to E. Vogt, and A. Naumann, mercmic diammino-c;hloride is precipitab'd when dry 
ammonia is passed into a cold soln. of mercuric chloride in acetone ; in pyridine 
(J. Schroder) ; in ethyl acetate (A. Naumann, M. Hamers, and E. Alexander) ; 
in methyl acetate (F. Bezold) ; and in methylal (W. Eidmann). 

Mercuric diammino-chloride forms small rhombohedral crystals. According 
to A. Duflos, the precipitate is not altered by heating it to 135° ; it gives ammonia 
and a white Sublimate at 180° ; and at 300°, it fuses to a clear colourless liquid which, 
according to F. Wohler, gives off nitrogen and ammonia and then sublimes. The 
sublimate when treated with water leaves a residue of mercurous chloride, and a 
soln. of mercuric and aimnonium chlorides. According to G. Krug and K. Vahle, 
if the heating be stopped when the evolution of ammonia has ceased, the molten 
mass congeals to a reddish-brown fibrous mass. According to E. Alexander, when 
heated in a sealed tube, ammonia is first evolved, and mercuric chloride sublimes. 
Mercuric diammino-chloride is stable in water only in the presence of a great excess of 
ammonium chloride, and when treated with water, it is first converted into fusible 
white precipitate : HgCl2.2NHsT^NH2.Hg.Cl4-NH4Cl, and finally, after long washing 
into the chloride of Millon’s base : 2(NH2.Hg.Cl)-f HgO^HO.Hg.NH.Hg.Cl-f NH4CI, 
and hence H. Gaudechon says that boiling water decomposes it into ammonia and 
mercuric chloride ; R. J. Kane, into the yellow compoun^. the chloride of Millon's 
base, NH2.Hg.O.Hg.Cl, or HO.Hg.NH.Hg.Cl. The last stage of the reaction is : 
H0.HgrNH.Hg.Cl-|“H20?=^2Hg0-|-NI^Cl. The reactions are reversible, and hence 
the action of water on mercuric ^amino-chloride can be reversed, for by digesting 
mercuric oxide with ammonium chloride, the chloride of Millon’s base, 
HO.Hg.NH.Hg.Cl, is first formed ; then infusible white precipitate, NH2.Hg.Cl ; 
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and finally, HgOl2.2NH3. Ac4?ordii^ to F. A, Fluckij^er, and C. H. Himd iodiua 
converte mercuric diaminino-chloride into mercurous and * mert'uric chlorides, 
mercuric iodide, nitrogen, and ammonia : 2l2+fiHg(NH8)2Cl2~N|+6NH40l-f 4 NHj 
+2HgCl2 -f 'f-2Hg(’l. Men'uric dianmiino-chloride is readily dissolved by acids ; 
and K, Dietorich says if it has been dried below .‘K)® it is soluble in cold dil. acetic 
acid, and if dried above 30 ®, insoluble. Accortling to K. A. Hofmann and 
E. C. Marburg, 10 per cent, nitric acid, sulpburic acid, and acetic acid form a clear 
Koln. of mercuric chloride and the ammonium salt According to T. Weyl, a cold 
soln. of potassium Ijydroxide is without action, but H. Gaudechon says that in 
the cold an excess of the lye gives of! three-fourths of the nitrogen, os ammonia ; 
when the mixture is heated, ammonia is evolved ; and L. Pesci, K. A, Hofmann 
and E. 0 . Marburg say that all the nitrogen may be driven off as ammonia by 
boiling the salt with }Kitash-lye L. Pesci also says that when distilled witli sodium 
carbonate, thn^e-fourths of the nitrogen is giv<‘n off ns ammonia ; silver nitrate 
precipitates the chlorine completely ; H. Furth said that ethyl iodide in tlie absence 
of water forms primary etliylamine; and M. Zipkin,and E. Si limidt and L. Krauss 
.said that methyl iodide — c’old or hot, with or without methyl alcohol gave tetra- 
methyl-ammonium mercuric iodide : N{CHs)4l.Hgl2. 

'P. Weyl prepared white crystals of a compound with the empirical compositioi] 
ilg(n 2 . 2 NH| by dissolving menniric chloride in liijuid ammonia, and volutiluing the exotsM 
of ammonia. Unlike the proctHling compoimd, however, T. WcyPs product gives off 
ammonia when treated in tho cold with potosh-lyc, and it forms a yi‘llow product -thought 
to b<' cliloridc of million’s bi^, HO.lfg Nll.lIg.Cl. U. AndnS rejiorted an lU-dofinod 
li\(lratod form of mercuric diammino-chloride. 

R. Varet obtained a precipitate of mercuric triammino-chloride, HgCIg.aNIIa, 
by tlie action of a soln. of dry ammonia in absrdute alcohol upon dry mercuric chloro- 
I yanide, llgCyCl. The compound is rajiidly altered op expCsuro to air, and is 
decomposed hy water. With a<jua ammonia and mercuric chlorocyanide, infusible 
white precipitate, NH2 Hg Cl. informed ; anil with dry ammonia gas at 70 ®, a groyisli- 
whitccornph'x, IHgCyCl 'lNHs, is formed, A. Naumannand J. B. Kiiinmerer passed 
dry ammonia into a half-sat. soln, of mereiine chloride in benzonitrile ; and aft<‘r 
the li(]uid was sat. with the gas, pressed the jireeipitati* to free it from mother liquid. 
It was thought to he mercuric tetrammino-chloride, HgCl2.4NJIg. B. C. Franklin 
.and ('. A. Kraus prepared mercuric dodecammino^oride, HgU]2 I2NH3, by 
dissolving mercuric chloride in liquid ammonia. The compound is stable only 
under press. ; it solidifies at a low temp., and melts at - 9 ®. 

K. A. Hofmann and E. 0. Marburg^' prepared mercuric hydnusino-chloride* 
HgCl2.N2H4, by the action of hydrazine hydrate on an alcoholic or ethereal soln. 
of mercuric chloride. It is stabli! when dry. It decomposes with a hissing noien 
when heated, but it does not <‘X])lode ; it readily dissolves in mineral acids, and 
the soln. dcjiosifs some mercurous chloride. There is evidence of a dei'omposition 
analogous with the hydrolytic and amminolytic decomposition of mercuric ammino- 
chloride in contact with water: 2Hg(N2H4)Cl-=N2]l4.2HCl4-Cl.Hg.NH.N]r.Hg.CI. 
M. Adams has reported mercuric dihy&ozylamino-chloride, HgCl2.2NH20H, 
or Hg(NH20H)2Cl2. to be formed in ncedle-likc crystals by mixing gradually at 
“ 10 ° cold alcoholic soln. of the component salts. The hydrazine and hydroxylamine 
in these compounds probably function in the same way as ammonia in the aramino- 
compounds and as water of crystallization in hydrated salts. 
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§ 16, Double and Complex Salts of Mercuric Chloride The Chloromercuriates 


H. Rost' 1 found tlmt iiiercurif cliloridt; is more readily soluble in hydrochloric 
acid than in water, and, as J. Davy showed in 1822, heat is developed during th«^ 
reaction. The solubility of mercuric chloride in aq. soln. of hydrochloric acid ha.s 
been measured l)y M. le Blanc and A. A. Noyes, by R. Engel, and by A. Ditte. 
Aeeording to R. Engel, at O'", KX) c.c. of the soln. contain : 


Grms, IlCl 1‘67 3 01 0 49 

Gnns.Hg(3, . 13 11 1804 32*44 

ip. gr. . *. l in 1*238 1*427 


9*81 

12*48 

16*13 

17*64 

26-84 

49*04 

62-40 

76*66 

87*70 

129*20 

1-665 

1-874 

2*023 

2*066 

2*198 


M. S. Sherrill calculated the ratio of the mol. rone, of hydrogen chloride to the 
increase in the solubility of mercuric chloride from A. Ditto’s data at 16®, and found 
a rise from I’O to 3*3. This was attributed to the formation of complex ions, of 
the type HgOlg". A. Ditti* has reported hydrated forms of the HgClo : HCI=3 : 1 ; 
2:1; 3:4; and 1 : 2 salts. 

In 1822, J. Davy obtained a mass of necdlc-like crystals, which, according to 
P. F. G. liouilay’s analysis, consist of hydrotrichloromercuric acid, HgClg.HCI, 
or HHgCla, by cooling a soln. with molecular proportions of the two components, 
HgCl 2 : HC1=1‘2, using an acid of sp. gr. 1158. G. Neumann made the same salt 
by sat. a soln. of hydrochloric acid with mercuric chloride at the ordinary temp, 
of a room, and evaporating the liquid in a desiccator over sulphuric acid and quick- 
lime at the temp, of a winter's cold, —0® to —4®. The heat o^the reaction, according 
to R. Varet, is () 8G Cal. J. Davy said that the crystals lose hydrogen chloride 
(and wat<T) wln’ii heated, leaving mercuric chloride as a residue ; they melt by the 
heat of the hand ; and, according to G. Neujnann, are decomposed by moisture. 
A. Ditte obtained white plab's of hydioheptachlorotrimercurio add, SHgClj.HCl, 
or HHgaCl?, by crystallizing a sat. soln. of mercuric chloride in hydrochloric acid 



over 80'’ ; if the crj’stallization takes place at about 60®, nefdle-like crystals of 
3 HgOl 2 .HCi. 5 H 2 O are formed. P. F. G. Boullay (1837). and A. Ditto (1881) made 
prismatic cr}'8tals of hydiopentachlorodimeicaric 2 Hg(l 2 HC^IAIH^O and 
2HgCI...HCI.6H20 — the former from a soln. sat. at 3()'\ and allowed to stand at 20'’ ; 
the latter, by passing hydrogen chloride into a soln. in prestmce of an excess of 
mercuric chloride at 15®. The liquid, cooled by cold water, deposits, on standing, . 
crystals which can be dried in an atin. of hydrogen chloride. M. Ic Blanc and 
A. A. Noyes say that hydrotetnchloromercoric acid, HsHgCl^, must be formed in 
soln. because the i.p. of dil. hydrochloric acid is raised by additions of meri'uric 
chloride and then again depress(‘d with further additions of the salt. The electrical 
Conductivity of hydrochloric acid also is decreasi'd by the tuldition of mercuric 
chloride ; sodium chloride behaves similarly, but potassium chloride does not 
since it forms a sparingly soluble double salt. G. Neumann obtained crystals 
of the salt HgCl 2 . 2 HCl by cooling a soln. of the components in these jjroportions to 
—12". R. Varet gives () 80 (’al. for the heat of formation. A. Ditte obtained crystals 
of hydrotetrachloromercuhc acid, HgCl 2 . 2 HCl. 7 H 2 f>. by saturating a hydrochloric 
acid soln. of mercuric chloride at —15®, and at - 10 ’ pa-ssiiig a ctirrent of hydrogen 
chloride. The crystals are dried on a porous tile at - -5'’. By working ut 5 ’ instesd 
of -10®, A. Ditto claimed to have made crystals of hydrodecachlorotrimercuric 
acid, 3HgCl2.4HC1.14H20. It is not yet clear which of thcs<‘ substances is a mixture 
and which a true compound. (/. R. (Vymble says that when hydrochloric acid is 
added to a ,‘-A’-alcoholic soln. of mercuric chloride, the absorption iiuTcases up 
to a maximum with oquiinolaf proportions of HCl and HgCl 2 , and he says that the 
prefwmce of higher complexes than Hgf /L HCl cannot be proved in soln. 

Y. yiiibata, T. Inouye, and Y. Nakatsuka observed that soln. of comphsx salts 
exbmd their absorjjtion bands towards the ultra-violet zone* 'tiore than do the 
comjioncnt salts. With this crit«'rion, they infern‘d that mercuric chloride forms 
comjdex .salts with the chlorides of hydrogen, ammonium, sodium, jmtassium, 
magnesium, zinc, cadmium, calcium, strontium, barium, manganese, cobalt, nickel, 
aluminium, zirconium, and tin ; w'lth the bromides of ammonium, sodium, 
pota.Hsium, zinc, and cobalt ; and with the iodides of cadmium. 

Mercuric chloride is readily soluble m wattT containing ammonium eblorido in 
soln. At 15'6® J. Davy found KM) parts of a sat. soln. of ammonium chloride dissolve 
almost an equal weight (99'56) of mercuric chloride. About the tinu' of Paraielsus, 
a compound of sal ammoniac with corrosive sublimate was j>repared by crystalliza- 
tion from a soln. of mercuric chloride with an excess of ammonium chloride, and 
employed medicinally by the iatrochemiste under the name ml mfientim - the mit 
of y'isdom—OT 8<U al€7Tibr(}lh — u/i/if»oTo?, immortal, gold-like, divine. ,G. (/. Witt-^ 
stein ^ made it by boiling a soln. of ammonium chloride with mercuric or mercurous 
oxide or carbonate— with the imTCurous compounds some, metal separates out. 
The heat developed on mixing soln. of ammonium and merruric chlorides has been 
studied by R. VareMHgCIaaa., NH 4 CI.„>(r 54 Gal., (HgGIza., . 2 NH 4 C\,,):--() 98 
Cal.— the lowering of the f.p., by F. M. Raoult, and by H. C. Jones and N. Knight ; 
and the electrical conductivity, by H. C. Jones and K. Ota, Acc,ording to 
R. Schindler and F. L. Winekler, the soln. ciontaining a mixture of equal parts of 
mercuric and ammonium chlorides gives a white precipitate with the alkali carbonates 
or hydroxides ; with water containing calcium carbonate in soln. ; and sugar 
precipitates calomel from hot soln. (87®), but not from cold soln, AJembroth salt 
18 probably a mixture of ammonium chloride with HgCl 2 . 2 NH 4 Cl.H 2 O. J. D. Holmes 
reported the salts (NH 4 ) 2 Hg 9 Cl 2 o and (NH 4 ) 2 Hg 3 Cl 8 . 4 H 20 , })Ut gav(’ no satisfactory 
evidence in support of ticir chemical individuality. 

As E. Soubeiran^ showed in 1827, when a soln. containing equal narte of 
ammoninm and mercuric chlorides is evaporated and cooled, a crop of crystals of 
ammonium chloride first separates in cubic crystals, often twinned ; these are followed 
by the rhombic pyramids or needle,-like ciystals of the compound monohjrdnitod 
ammiminm tet^hl(m)llienni]iato, HgCI 2 . 2 NH 4 Cl.H 2 O, or (NH 4 ) 2 HgCT 4 .H 20 . 

VOL. IV. 3 I 
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E, Soubeiran said tJjat the ciyiteJs of the latter salt were to be mechanically picked 
out from tboee of the ammonium chloride, and purified by recryetallization. 
P. A. Meerburg*8 work at 30^ abows that these crystals are alone obtained from 
floln. with between 21 ‘4 and 24’3 per cent, of ammonium chloride and 60'6 and 
66*0 per cent, of mercuric chloride with respectively 24*79 and 50*05 per cent, of 
ammonium and mercuric chloride, a mixture of ammonium chloride and 
Hg(:i 2 . 2 NH 401 .H 20 is formed at 30^ and with respectively 20*06 and 58*97 per 
cent, of ammonium and mercuric chloride, a mixture of HgCl 2 . 2 NH 4 CI.H 2 O and 
HgCl 2 .NH 4 Cl.H 2 O separates out at 30°. According to A. Johnsen, the rhombic 
crystals have the axial ratios a:b: c=0*7120 : 1 : 0*7725, and sp. gr. 2*84 ; 
J. Grailich says they have a strong positive double refraction. C, F. Rammelsberg 
said the crystals are isomorjihous with those of potassium tt'trachloromercuriate, 
K 2 HgCl 4 .H 20 . H. Topsoe made an analogous series of substituted ammonium 
compounds : e.ff. 

fNH,(CH,)l,HgCl 4 . . inonoclinic a:b: c =0-6030 ; 1 : 08488, 8 90“’ 20' 

1NH,((VI4)|,HkCI 4 . . tAjtrftgonal ft: c-1 : 0*9243 

fNH,(C,Ha),l,HgCl 4 . . monoclinio o : 6 : r =--0-6515 : I : 0-4555, jS 94" 56' 

|NH(CHa)al,HgCl 4 . . inonoolinip o : 6 : c=.0-7033 : 1 : 0 4698, /992‘’ 3' 

|NH(C,H 4 )al,HgCl 4 . . hexagonal ft : c = 1 : 0-8451 

[N{CHa) 4 |,HgCl 4 . . rliombic a : 6 : c=0-3766 : 1 : 0-7893 

[N(CH,)a(C,Ha}l,HgCl 4 . rhombic a :b: c=0-7203 : 1 : 0 8458 

tN(CH,),(C»Ha),l,HgCl 4 . rhombic ft -. 6 : c*-0-7660 : 1 : 0-8060 

(N{CHj)(CjUa),|,HgCl 4 tetragonal a : c = l : 0737 

[N((!aHa) 4 ]aHgCl 4 . tetragonal a : c® 1 : V 21 90 

According to E. Soubeiran, the crystals of hydrated ammonium ti’trachloro* 
inercuriati^ are stable in air ; they become opaque at 40° ; and lose 5*5 ])er cent, of 
wakr. They dec 4 >mpo 8 c when heated and a mixture containing ammonium and 
mercuric (ihlorides is obtained as a sublirnati'. The crystals arc almost perfectly 
miscible with boiling water, but at 10 °, the solubility is 40 per cent. When a little 
hydrogen sulphide is passed into the soln. a white jirecijutatc is formed ; with more 
of the gas, the precipitati' blackens ; sodium or jiotassium hydroxide gives a white 
precipitate and ammonia gas is evolv<‘d ; aqua ammonia, says C. H. Hirzel, gives a 
whit(^ precipitaU^, but E. ^)ubeiran said that no precipitate is formed ; the latter 
addl'd that sulphuric, hydrochloric, or nitric acid produces no visible change. 
According to C. H. Hirzel, crystals containing a lower ratio than HgCl 2 : NH 4 C 1 = 1 : 2 
cannot be obtained. J. M. Thomson and W. P. Bloxam ri'porU'd the separation of 
crystals of the trihydrat^'d salt, HgCl 2 . 2 NH 4 Cl. 3 H 2 O, by seeding a supersaturated 
soln. with prismatic crystals of mercuric chloride precijiitated from hot soln., but 
^P. A. Meerburg did not find these crystals. 

At least nine salts have been reported 
— taking the order HgCl 2 ~-NH 4 Cl— H 2 O ; 
these are 5.1.0; *9.2.0; 2.1.0; 3.2.0; 
♦3.2.1; *1.1.0; *1.1.1; *1.2.1; and 
1.2.3. The five marked with an asterisk 
were alone found by P, A. Meerburg to be 
stable in aq. soln. at 30°. P. A. Meerburg 
applied the principles of the phase rule to 
the ternary system, HgCl 2 — NH 4 CI— H 2 O, 
at 30°, and the results are summarized in 
the diagram, Fig. 15, which shows the 
composition of the soln. The points X, 
Y, Z respectively (denote the components 
HgCl 2 , NH 4 CI, and HjO ; P represents 
Fio. 10. — P. A. Mcerburg’s Equilibrium the solid phase HgCl 2 . 2 NH 4 Cl.H 2 O ; Q, 
Diagram for the Ternary System, HgCl 2 .NH 4 Cl.H 2 O; fl, 3 HgCl 2 . 2 NH 4 a.H 20 ; 
HgCl.-NH.a-H,0. 9HgCl,.2^a The iwth^ 

line ABODE FG has six branches showing the composition of the soln. in stable 
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equilibrium with the solid phases — AB with HgClj ; BC, with 9.2.0 ; CD, with 3.2,1 ; 
DB, wtth 1 : 1 : 1 ; with 1.2.1 ; and FG, with NI^Cl. The line AB may e.\tend 
to Bi indicating that the solid phase, HgCl^, is then in a metastable condition, and 
passers more or leas quickly into the 9.2.0 phase. This solid phase is voluminous 
and cryptocrystalline. The line AB rt'presents the composition of soln. in equi- 
librium with the solid phase 9HgCl2.2NH401 ; CD, with 3HgCl2.2NH4Cl.HaO ; M, 
with HgCl2.NH4Cl.H2O ; with Hg(V2NH4Cl.H20; and FG, with NH4CI. 
Soln. represented by points inside the sectors deposit the solid phase nqirosented 
by the corresponding equilibrium line. St>ln. representt^d by jioints on B, C, /), 
and F, are in equilibrium with two solid phases. The point (1 repn‘sents the solu- 
bility of ammonium chloride in water ; /I that of men uric chloride. 

J. Davy prepared er}’^8tals of what he n'garded as a double suit, HglUa,NH4Cl — 
that is, ammonium tricMoromercoriato, NK4HgC}3 — by sublimation from a mixture 
of equimolar parts of the two components ; 1). Stromliold says this conqiound 
is the end-product of the extraction of the higher mercurie ammonium chlorides, 
say, 9HgCl2.2NH4Cl ; and H. Edliem-Bey made it by tn'ating inercurio amido- 
chloride, NH2HgCl, with chloroform and allowing the inixtun* to st^ind in light or 
shaking every now and again during 5 weeks. The soln. is then evaporated, 
it. .1. Kane says he obtained the salt by crystallisation fniin an aq. soln, of its com- 
})onent«, but P. A. Meerburg failed t»> find any evidence of the exist^mce. of this 
salt in a<j. soln. at ,'10°, no that R. .1. Kane's product was probably monohydrated 
ammonium trichloromercuriatei NH4HgCl3.H.20, since P. A. Meerburg has shown 
that at 30° this hydrated pitiduct separates from aq. soln. with between 18'86 and 
56’8^1 per cent, respectively of ammonium and mercuric chlorides, and 14*22 and 
56*71 per cent, of the same two chlorides; with soln. containing 19*1)8 and 58*89 
per cent, respectively of ammonium and mercuric chlorides, a j;uixture of the 2.1.1 
and 1.1.1 salts is formed ; and with I41C) and 57*04 per c^mt. respectively of the 
same two salts, a mixture of the 1.1.1 and 3.2.1 salts is formed, ll. .1, Kano also 
made the mo nohyd rail'd salt, and E. Mitscherlich said that it is isomoiqihous with 
the corresponding potassium suit, J, Davy says the anhydrous salt melts readily, 
and forms a greyish-white crystalline mass on cooling. C. Tourneiu also made tho 
inonohydrate. 

J. D. Holnu'S prepared iieedh'-liki* crystals of a form of ammonium OOtOChlOFO- 
trimercuriate, 3HgCl2.2NH4CI, with 7 per cent, of combined water, which it losea 
when dried at 100°. P. A, Meerburg has shown that the monohydrated salt, 
2NH4Cl.3HgCl2.H2O, and not the anhydrous salt, is formed at 30° in aq. soln, 
with between 13*90 and 56*83 per cent, respectively of ammonium and miTcuric 
chlorides and between 9*23 and 58*55 per (M*nt, respectively of the same two salta. 
A soln. with 14*14 and 56*98 per cent, respectively of ammoniiiiif and mercufle 
chlorides gives a mixture of the 1.1.1 and tho 3.2.1 salts; and a soln. with 9*20 
and 58*65 per cent, respectively of the same two salts gives a mixture of the 3.2.1 
and the 9.2.0 salts. D. Stromholm made this salt by evaporating a hydrochloric 
acid soln. with three mols of mercuric chloride to one of ammonium chloride. The 
soln. is cooled when crystallization begins, and tho crystals are driiid by press. 
They lose a mol of water when dried in a desiccator or at 60°. J. 1). Holmes also 
reported a t<!trahydrated salt, 3HgCl2.2NH4Cl, in needle-like crystals by evaporating 
a soln. of the component salts with a great excess of hydrochloric acid— however 
this may be, the salt does not exist in aq. soln. at 30°. 

J. D. Holmes also obtained triclinic crystals of ammonium eicoiichloro- 
enneamerenriate, 9HgCl2.2NH4Cl, that is, (NH4)2Hg9a2o, by cooling a hot aq. soln. 
of one part of ammonium chloride and 25 parts of mercuric chloride acidified with 
hydrochloric acid, P. A. Meerburg found that tho salt is formed in soln. at 30® 
with between 8*76 and 51*83 per cent, respectively of ammonium and mercuric 
chlorides, and 5*06 and 32*90 per cent, respectively of the same two salts. A soln. 
with 9*20 and 58*65 per cent, respectively of ammonium and mercuric chlorides 
gives a mixture of the 3.2.1 and 9.2.0 salts, and a soln. with 3*62 and 29*65 per cent. 
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respectively of the same two salts, a mixture of the 9.2.0 and 1.0.0 salts. According 
to J. D. Holmes, the sp. gr. of the salt is 3 06. The presence of free hydrochloric 
acid seems to retard the decomposition of this salt by water. When potassium 
hydroxide is added to the soln. a yellow precipitate is obtained which gives no 
ammonia gas even wh«;n boiled ; the soln. gives a yellow pecipitate with an excess 
of platinous chloride. P, C. Ray reported the formation of white crystals of 
ammonium pentachloro-dimercuriate, 2 HgCl 2 .NH 4 Cl, i.e. NH 4 Hg 2 Cl 5 , by evaporat- 
ing a soln. of dimercuriammonium nitrite, NHg 2 N 02 . JH 2 O, in warm dil. hydrochloric 
acid. The salt fuses and sublimes at a gentle heat, and is very soluble in water. 
D. Strbmholm also report/cd the formation of rhombohedral crystals of ammonium 
henicosichloropentamercuriate, .5HgCl2.NH4Cl, or NH 4 Hg 6 Cl 2 i, by a process ana- 
logous with that employed by J. D. Holmes for the 0.2.0 salt, and although H. L. Wells 
suggested that J. D. Holmes’s 9:2:0 salt is really the 5:1:0 salt, P. A. Meerburg’s 
work shows that the converse is the more probable, and D. Stromholm’s, that the 
6:1:0 salt is really the 9 : 2 : 0 salt. As indicated by T. Curtius and F. Schrader,^ 
hydrazine hydrochloride, like ammonium chloride, forms double salts with mercuric 
chloride. K. A. Hofmann and E. C. Marburg obtained crystals of hydrazine 
trichloromercuriate, (N 2 Hr,)HgCl 3 , t.e. HgCl 2 .N 2 H 5 Cl, melting at 157°, by the 
action of a soln. of chlorine in carbon tetrachloride on a soln. of mercurous hydrazino- 
chloride, 2 HgCl.N 2 H 4 , in the same solv^mt, and by re -crystallization from boiling 
alcohol. They also made it from the component salts with the mercuric chloride 
in excess, K. A. Hofmann and E. C. Marburg made dihydrazine tetrachloro- 
mercuriate, (N 2 Hf,) 2 HgCl 4 , t.e. HgCl 2 . 2 N 2 H 5 Cl, by ‘evaporating to dryness an 
aq. soln. of 2‘1 grms. of N 2 H 4 . 2 HCI and 3 grms. of mercuric chloride, acidified with 
hydrochloric acid ; the excess of mercuric chlorid(‘ was extracted from the powdered 
mass by cold absolql^ alcohol. It dissolves in hot alcohol, and the soln. ciy’stallizes 
on cooling. The same salt is formed by the spontaneous evaporation of a soln. of the 
component salts in the jiroportion N 2 H 4 . 2 HCI : HgCl 2— 2 : 1. M. Adams reported 

hydroxylamine trichlorodimercuriate, (NHgOHlHgCls, ie. HgCU NH 2 OH HCl ; 
and deoahydrozylamine enneachlorodimercuriate» 2 IlgCl 2 r>(NH 20 H) 2 H('i, to be 
formed from soln. of the component salts. The latter is formed at a low temj)., 
- 10 °. 

W. Herzand W. Paul ^ found that at 25° soln. containing 0, 414, 17'38, and 35 27 
milligram-mols of lithium chloride in 10 c.c. of water dissolved respi'ctively 2‘fi5, 
3’51,' 16*78, and 30*02 milligram-mols of mercuric chloride, and that the ratio for 
the more cone. soln. approximated to that required for Lilli. HgCh. In 1829, 
P. A. von Bonsdorff claimed to have prepared needle-like crystals of a deliquescent 
double salt of lithium and mercuric chlorides ; and, in 1893, E. C. Linebarger inferred 
tHo existence *of lithium trichloromercuriate, LiHgCls, t.e. HgCl 2 LiCl, in aceto- 
acetic other soln,, because of the solubility of lithium chloride in soln. of mercuric 
chloride in this solvent : 

0 ” 10 " 20" SO" 40’ 

Mols HgCl| per li<ro .8 2 0 9 6-3 0 0 0 4 

Mols LiCl pt'r litre . . 8 5 10 6-5 0 9 0 8 

According to R. Varet, the heat of formation of this salt in soln. at 17° is 0*9 Cal. 
F. Calzolari and U. Tagliavini obtained lithium mercuric chloride, or lithium chloro- 
mercuriate, LiCl.HgClo, which could not be crystallized, but complexes with 
hexamethylenetetramine were readily formed. P. Harth made lithium tetrachloro- 
merouriate, Li 2 HgCl 4 , t.e. HgCl 2 . 2 liiCl, by adding mercuric chloride to a sat. soln. 
of lithium chloride so long as any is dissolved. Needle-like icrystals of the salt in 
question are deposited when the soln. is evaporated in vacuo. The salt decomposes 
when dried in vacuo ; it is very hygroscopic ; very soluble in water ; and, according 
to R. Varet, has a heat of formation, in soln. at 17°, of 0*8 Cal. 

J. Davy « noted a soln. of sodium chloride dissolves a far greater proportion 
of mercuric chloride than is dissolved by water alone ; and that rhomboidal 
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crystalfl of a double salt are obtained by ixwling to 15® a waiyn soln. of 7 part# of 
eodim chloride and 35 parte of mert'uric ehloride in 20 parte of water. K. Voit 
obtained not the double salt 2NaCl.H^'Ij(, but crystals of mercuric chloride. 
W. Herz and W. Paul measured the solubility of mercuric chloride in soln. of diflertuit 
proportions of sodium chloride at 25®, and found soln. containing 0, 2*12, 11*5.3, 
19*41, and dl’CL* milligram-mols of sodium chloride m lU c.c. of water dissolve 
respectively 2*t).5, 3*72, 11*92, and 34*34 millipram-mols of mercuric chloride ; in the 
more cone, soln., the ratio NaCl : HgCl2 ajiproximates to that re(|uired for the 
formation of the salt NaCl : HgCl2. J. Davy found that warm soln. take up much 
more of these salts and, on cooling, deposit the same. J. Muller showed that a 
soln. with at least 10 times as much sodium as potassium chloride does not give 
some of the reactions characte'ristic of mercuric chloridt* for instance, it does 
not coagulate albumen. J. von Liebig prepared needle-like crystals of what were 
regarded as sodium tetrachloromercuriate, 2NaCl.Ilg(3o, or NaJlg(34, by pre- 
cipitation from mixed soln. of the component salts. K.” Voit also reporte'd the 
formation of crystals of the same salt, but there is some doubt about its existence. 

A. Bcnrath inferred the existence of the complex salt NaoHgCl^ in aq. soln. from the 
lowering of the f.p. and the raising of the b.p. ; and M. le lilane and A. A. Noyes 
also from the electrical conductivities of these soln. 

In a soln. of two salts A and It with a common ion jircsent in e.xcess only one, 
sat. soln. 18 possible provided the salts do not form a double salt with one nnoiher.^ * 
If the two salts do form a double salt Alt, two sat. soln. will be possible, (1) when 
A and AB are jjresent as solids, and (2) when AB and It arc present. 'I’he single 
salts alone or a double salt alone can exist in contact with a serii's of sat soln. con- 
taining A and It. Consequently, when tiro separate salts are ])resent in the residue, 
the relative composition of the residue will change as the relati’ f conqiosition of the 
soln. changes, but the composition of the sat. soln. will remain constant ; and when 
one salt-simple or double- is alone present in the residue, the coiiqiositiou of the 
residue will remain fixed, while the composition of the sat. soln. will vary. Uonse- 
(pieiitly, if the compo.sition of the residue varies in different determinations while 
that of the soln. reinuiiis constant, two salts are present m the system ; while if the 
compo-sitiou of the soln. varies wdiile that of the residue remains constant, only one 
salt — siiigl*’ or doubt; -is present in the system. In ajiplymg the met hod to jiractice, 
weighed quantities of the two salts A and It are placed in test-tubi's (‘ontaining a 
definite* amount of solvent. The quantity of salts and solvent an; so regulated 
that there is ahvays an undissolved residue at the temp, of the experiment. The 
relative amounts of each salt an* varied systeniatujally m different U'st-tuhes. The 
composition of the soln. can be determined by analysis, and that pf the residqp 
calculated provided the solids are anhydrous ; when the salts ( ontain water of 
crystallization the residue must also be analyzed. 

The results obtained by 11. W. Foote and L. H. Levy ® for soln. of sodium and 
mercuric chlorides at 25', when the solubility of the former is 3t)*5<f per cent., are 
as follows ; 


Per cent. NtiC'l »oIn. 
Natl m rcHiduo 

18-66 18 71 

83 64 78 02 

18 87 
28-75 

14 97 14 03 13 17 
16-38 10 36 15 96 

12 97 13-15 
11 80 9-17 

Solid yhajic . 

.N»C1 rNftllgCI,2H,0 


NailK(-|,2U.O 

1 Hurl, 


The results are plotte'd in Fig. lb. The vertical lines— soln. variable, residue 
constant— represent soln. with the solid phase of constant composition in acj. soln. 
at 25® ; the horizont^^• lines- sobi. constant, residue variable - represent mixtures 
of salts. From this result it appears as if the only double salt formed at 25® is 

dihydrated sodium trichloromefcariate, NaCl.HgCl2.2H2O or NallgClg lAlaO ; and 

similar results were observed at 1U*3®. Had the compound 2NaCI.HgCl2 ur Na2HgCl4 
been formed, the first three solubilities in the table would have Hbeiui different. 
The similarity in the solubilities, and the variability in the comoosition of the 
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redidues, show that a mixture of these two salts is involved. P. A. von Bonsdorff pre- 
pared sodium trichloromercuriate in 1829 by shaking a sat. soln. of sodium chloride 

with powdered mercuric chloride until the 
system was in equilibrium. Crystals of this 
double salt were obtained by C. Toumeux, 
by the spontaneous evaporation of the 
filtered soln. R. Schindler, and K. Voit 
likewise prepared needle-like crj’stals of this 
salt in an analogous manner. The earlier 
investigators supposed the salt to have 
the composition NaHgCls. 1^1120. The 
salt melts at 100® in its own water of 
crystallisation, part of which evaporates with the loss of a little mercuric chloride ; 
when heated more strongly, the soln. boils, mercuric chloride and water are driven 
off, and sodium chloride remains. Water dissolves 75 per cent, of the salt at 15®, 
and it can be crystallized unchanged from the aq. soln. J. L. Lassaigne found that 
ether extracts the salt from its aq. soln. Alcohol dissolves the salt copiously. The 
general reactions of the salt resemble those of mercuric chloride. E. C. Lmebarger 
found atO®, a .soln. of 4'4, 12 0, and 22 0 mols of mercuric chloride in acetone dissolved 
* respectively 4 4, 11*2, and 22*9 mols of sodium chloride in agreement with the 
existence of NaHgCls in these soln. ; analogous results were obtained at 5® and 
10®. 11. W. Foote says that in alcoholic soln. of mercjiric and sodium chlorides no 
double salt is formed in the absence of water. E. C. Linebarger found also that the 
double salt is not formed in benzene soln., but in acetone soln. NaCl.HgCl 2 is formed, 
and K. Voit says the anhydrous salt is made when the dihydrated salt is evaporated 
over sulphuric acid^ According to R. Varet, the heat of formation from its con- 
stituents in soln. at 17® is (HgCl 2 , NaCl) 0*85 Cal. E. C. Linebarger reported a 
salt NaCl.HgCl 2 .H 2 O, but this has not been confirmed ; he said the salt decompostis 
when treated with ethyl acetate into sodium chloride and sodium peutachloro* 
mercunate» NaHg 2 Cl 5 , or NaC1.2HgCl2 ; and he accordingly prepared sodium 
pentacliloromercuriate by the action of ethyl acetate on sodium trichloromercuriate ; 
sodium chloride precipitates, and on evaporation of the soln., the salt in question is 
obtained. He also made it by mixing soln. of the component salts in ethyl acetate. 
The salt is said to form long needle-like crystals soluble in acetone and in ethyl 
acetate ; it is not stable in benzene soln. ; and it is only slightly dissociated in dil. 
soln. of acetoacetic eskr between 0° and 50®. For example, E. C. Linebarger 
found that soln. of 2*5 (41*8®), 17*1 (48®), and 21 1 (30®) mols of mercuric chloride 
per litre of acetoacetic ester dissolved respectively 1*2(41*8®), 8*4 (48®), and 10*7 (30®) 
mols of sodium chloride. The b.p. of the soln. of mercuric chloride in acetoacetic 
ether is not changed by adding sodium chloride. The salt, however, is decomposed 
at higher temp., and sodium chloride is precipitated. E. (J. Linebarger could find 
no evidence of the formation of a double salt of mercuric and sodium chloride in 
benzene soln. 

In 1822, J. Davy® found a warm soln. of 7 parts of potassium chloride in 21 
arts of water dissolved 8 parts of mercuric chloride, and when cooled to 15*5®, 
eposited a few needle-like crystals, and at 10®, it almost completely solidified to a 
mass of similar crystals. W. Herz and W. Paul found a soln. with 0, 2*21, and 6*83 
milligram-mols of potassium chloride in 10 c.c. of water at 25®, dissolved respectively 
2*65, 3*81, and 8*36 milligram-mols of mercuric chloride. A. Benrath measured the 
lowering of the f.p. and the raising of the b.p. of these soln., and considered that 
the results showed that a complex £L 4 HgClQ is present in thW soln. M. le Blanc 
and A. A^ Noyes found evidence of the formation of complexes in the electrical 
conductivities of mixed soln. ; and 0. Schonrock obtained similar evidence in the 
electromagnetic rotation of the plane of polarization — he foimd marked deviations 
in the results ))^ith mixed soln. of the component salts from the mixture rule. 

P. A. von Bonsdorff described three double mercuric and potassium chlorides. 



Fi«. 16. -Solubility of Mixed Solutions 
of Sodium and Mercuric Chlorides. 
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wntug tbe mol. ntio m the order HgClf : KOI, HjO, P. A. von BonadorS’s three 
itolta were 1 : 2 : 1, 1 ; 1 : 1, and 2 : 1 : 2. H. W. Foote obUiifed aimilar reaulte aa 
the stable phases in aq. aoln. of different proportions of the two coini^nent salts 
at 25"^ ; but V. Tichomirofi studied the ternary system, HgClj—KCl—HjsO, at 20"*, 
and obtained different results from H. W. Foott\ for he found the auhydit)us salta 
1 : 2 : 0, 1 : 1 : 0, and 2:1:0. When mercuric chloride is continuously added to a 
sat. Boln. of potassium chloride, the solubility of the latter is reduced and potassium 
chloride separates from the soln. After a time, the double salt llg(Mjj.2K01 com- 
mences to separato ; and no change in the solubility occurs until all the sobd jwtas- 
sium chloride has been converted into this salt. Further additions of mercuric 
chloride again depress the solubility until the double salt Hgl’Jlg.KCl commences 
to separate. The phenomenon previously described is repeated with this salt ; 
and still again with the double salt 2HgCU.K('l. 

H. W. Foote gave for equilibrium in the system KCl -Hot), at 25® : 

Percent. KCl. 26*40 23 74 21*39 17 86 6 66 0*27 6 77 

Residue . . 100*00 34*61 34*80 21 89 20 64 12 09 11*87 

SoUd phujMj 1:2:1 1:1:1 2:1:2 

V. Tichomiroff believed that with soln. containing from no mercuric chloride and 
34‘41 grins, of potassium chloride up to 19*3*1 gnus, of mercuric I'hloride and 41*3^1 
grms. of potassium chloride in KX) parta 
of water, the solid phase is KCl; between 
the latter cone, and up to 44i‘84 grms. 
of mercuric chloride and 34*12 grins, of 
potassium chloride, the solid phases is 
HgCl2.2KCl ; between the lattor cone, 
and 26*41 grnis. of mercuric chloride and 
7‘39 grms. of potassium chloride, the 
solid phase is HgCl2.KCl ; between the 
lattor cone, and up to 26*41 grms. of 
mercuric chloride and 4*84 grins, of 
imtassium chloride, the soliil phasic is 
2HgCl2.K(3 ; and between the lattor 
cone, and 7*3!1 grms. of mercuric chloride 
and no potassium chloride, the stilid 
phase is HgClg. V. Tichomiroff h results 
are shown in Fig, 17, where the: solid 
phases of the double salts are repre- 
sented as a ratio HgCl^ : KCl, without 
showing the water of crystallization. 

The results of C. Tourneux’s study of the ternary system at 34'\ 56®, 80®, 
and 100® are illustrated in Fig. 18. At 34®, the solid phases are K(3 ; AB^ 
Fig. 18; HgCl2,2KCl.H20, BV ; HgClo.KCl.iH2O, VAi ; 3HgCl2.2KCl.pi2O, 
HI; 2HgCl2.KCl.2H2O, U, and HgCV At 50®, the phase 2rigCI2.3KCl.5H2O 
has appeared, and 2HgCl2-^^^^ ^HoO has disappeared. The zones of 
stability of the different solid phases between 34® and KX)® are ABED, for 
KCl; BCFE, for HgCl2.2KCl.H2O ; CFO, for 2HgCl2.3KCl.pf2O; CHMG, 
for HgCl2.KCI.iH2O; HUM, for 3HgCl2.2KCl.;H20 ; and UK, for 
2HgCl2.KCl.2H2O. C. Tourneux is not certain whether or not the salt 
3HgCl2.2KCl.5H2O is not a solid soln. of (2HgCl2.KCl.H20)4{HgCl2.2KCl.H20) ; 
HgCl2.Ka.iH2O, a -solid soln. of (2HgCl2.KCl.H20)(HgCl2.2lCCl.H20) ; and 
2HgCl2.3KCl.5H2O, a solid soln. of (2ffgCl2.KCl.H20)(HgCl2.2KCI.H20)4. Ih 
believed the component salts of these assumed mixed cr^'stals are hon^morphic. 
In acetone soln., at 25°, H. W. Foote obtained as solid phases HgCl2.Kcl : OsH^O, 
and the salts 5:1:1, and 6:6:2; and in ethyl alcohol soln., the solid phiae 
6HgCl2.5KC1.2C2H50H. 



Fio. 17, Solubility Curve of Aqueous 
Solutions of Mon'urieond l*otaH«ium 
Chlorides, at 20'*. • * 
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The crystals indicated above, obtamed by J. Davy, were monohydrated 
potassiiim tetrachK)romercariat6, K2HgCl4.H20, or HgCl2.2KCLH20. J. von 

Liebig prepared it by pre- 
cipitation with alcohol from 
a mixed aq. soln. of potas- 
sium chloride and an excess 
of mercuric chloride. 
P. A. von Bonsdorff evapo- 
rated a soln. of eq. quanti- 
ties of the two salts ; and 
C. F. Rammelsberg a soln. 
of one mol of mercuric chlo- 
ride with four mols of potas- 
sium chloride. According 
to 11. W. Foote, the salt 
when recrystaliizcd from 
water gives the 1 : 1 : 1 salt ; 
C. F, Rammelsberg, 
F. H. Kraus, and J. Grai- 
lich twiy that the crystals 
belong to the rhombic sys- 
tem and have axial ratios 
• a :b:c 07074 : 1 : 07655. 
C. Tourneux gave 3'58 for 
the sp. gr. at 0 279 

for the sp. vol., and 122 for 
the mol. vol. J. Thomsen 
said that the heat of soln. of 
a mol of mercuric chloridi? 
in a soln. of two mols of 
potassium chloride is — 1‘.38 
Cals. ; (Ifg, CI2, 2HC1, Aq.).-.C178 Cals. ; (HgCF, 2KC1, HoOl-C ld Cals. ; 
JJJl. Bcrthelot gave (HgCl2, 2KCI, Cals. ; HgCl2.2Kt'l)”-3‘80 Cals. ; and 

for the heat of soln. of HgCl2.2K(3, - -IbC’als., and for HgCl2.2KCl, HoO, — IG GCals. 
J. Thomson gives for the heat of soln. of K2HgCl4.H20 in GOOILO, — IG'39 Cals. ; 
and R. Varet, for the heat of formation in aq. soln., (HgCl2, 2KCI), 0 80 Cal. 

E. C. Liiiebarger claimed to have made the anhydrous potassium trichloro- 
meicuriate, KHgCl3, or HgCL.KCl, by adding gradually to a sat. soln. of mercuric 
ciloride in aeetoacetic ester an equi-molar proportion of potassium chloride. 
H. W. Foote made monohydrated potassium trichloromercuriate, KHgCl3.H20, 
by shaking a soln. of the component salts ; P. A. von Bonsdorff made it by digest- 
ing at 30“, a soln. of potassium chlorid«‘, sat. in the cold, with an excess of mercuric 
chloride. The evaporation of the clear filtrate first gives a crop of crystals of 
2HgCl2.KCl.2H2O, followed by a crop of crystals of HgCl2.KCl.H2O. P. F. G. Boullay 
made the same salt by neutralizing with potassium hydroxide a soln. of mercuric 
chloride in hydrochloric acid. C. Tourneux obtamed this salt, but he suggested 
that it is a solid soln, of the 2:1:2, and the 1 : 2 : 1 salts. The crystals are acicular, 
and appear in the form of four-sided prisms, which H. W. Foote recrystallized from 
water unchanged. P, A. von Bonsdorfi said that the crystals are easily soluble in 
water, and sparingly soluble in alcohol. M. Berthelot gives the heat of formation 
(HgCl2, KCl), 2 4 Cals. ; (HgC^, KCl, H2O), 4*2 Cals. ; and (or the heat of soln. of 
the former, —9 ‘5 Cals., and of the latter, —11*3 Cals. 

P. A. \on Bonsdorff made needle-like crystals of dihydrated potassium penta« 
ohiorodimercuriate, 2HgCl2.KCl.2H2O, or KHg2Cl5.2H20, by shaking a soln. of 
potassium chloride, sat. at 50® to 60®, with powdered mercuric chloride, and then 
cooling the soln. C. F. Rammelsberg evaporated a mixed soln. of two mols of 
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po^um chloride wim one mol of mercurie chloride. H. .W, Root* m»do this 
MR by >h^mg the component unite with water at 25°. P. F. 0. Roullay made it 
by neutrah^ with potaeeium hydroiidc, a aat. .solu. of mercuric chloride in boiling 
bydiochloric acid. (I. Toumeui could not make the luonohydraU' 211gt'lt.KC'l.UsO. 
AcMrdu^ to H. W. Foote, the aalt givea mercuric chloride when rccryaUlliicd from 
water. Ihe rhombic cryatab when heated m open veastds loao their contained 
mercuric chii^ide ; they are very iwluble in warm water, and sparingly soluble in 
for the sp. gr. at 15715“, 0 245 for the sp. vol., 
an 1 j 9 for the mol. vol. M. Berthelot gave the heats of formation of some 
iniaginap' salts 3 : 4 : 0, 3 : 4 : 3, and 1 : 4 : 0. 

. Ijo^ffroy prepared the double salts of mercuric and rubidium chlorides 
with HgClg : RbCl : 11^,0 in the ratio 1 : 2 :0, 1 : 2 : 2, and 1 : 1 i (i, but U. W. Kooto 
and L. H. Levy were unable to obtain any of thesis for they found that at 25“, the 
solid phases in aq. soln. are the 5 : 1 : 0, 4 : 3 ; 1, 1 : 1 : 1, 2 : 3 : 2, and tlio 1:2:1 
salte, although H. W. Foote and L. H. Levy's salt 1:2:1 lies between R. (lixlolfroy s 
f ^ * V f ^ According to 11. Footi* and L. 11. Ivt*vy, the ]>ercentag6 
solubilities of rubidium and mcRuric chlorides are respectively 48-57 and C IK) at 
wO j and the ranges of stabilities of the solid phase's for diflf'reiit perceiitagf* eomposi* 
tions of the so hi. are : 

RbCl . 47 05 35 10 30 27 29 20 23 81 10 87 10 00 6 10 2 98 110 

HgU, . . 10 35 19 58 20 17 20 65 18-71 10-12 9 80 8 33 7 71 7-21 

Solid phfue« 1:2:1 • 'ITsTT' iTl TjaTT 


H. W. Foote and L. 11. Levy's curve, shown in Fig. 1‘), indK utes the range 
of stability for rubidium henadecacldorop6ntamercuriato» bllgt'lj^.UbCl, or 



Rb Cl per too H^O 

l‘io. 19.~-(. ornp^i lions of Aquixius Solutions of CjeHunn or liuhiilium and Morcuho 
Clilorides in Efjutliltniun with tho Solid rhosos (25'^), 

• when this salt is recrvKtallized from water, it gives crystals of mercuric 
chloride. R. Godeffroy claimed to have prepared silky ncedle-likc* crystals of rubidium 
pentachlorodimercuriate. 2HgCI;j.Rba, or RbHgjiCIs, by evaporating a soln. with 
equal parts by weight of the component salts, but If. W. Foote and L. H. Levy 
did not hnd this salt amongst the solid phases in equilibrium with aq. sola at 25“ ; 
rather did they obtain silky crystals of monohydratod rubidium beuadecachloro- 
tetramercuriate, 4ngCl,.3RbCl H,0, or RI>3Hg4CI,i.H20, from soln. with the 
composition indicated in the above table. C. Tourneux also made this salt. It 
gives the 5 ; 1 salt when recrystallized from water. R. Godeffroy made rubidium 
tritdiloromercuriate. HgClg.RbCl, or RbHgClg, by heating RhcbUgCIg to 150“ 
when mercunc chloride is volatili/x'd and RbHgClg remains. H. W. Foote and 
L. H. Levy m^e the monohydrated salt from soln. with the composition indicated 
in the preceding tablet C. Tourneux also made this salt. When recrvstallizcd 
from water, this salt furnishes the 4:3:1 salt. The same investigators obtained 
daurdrated rubidium heptachloro-dimercuriate, 2 HgCl 2 . 3 RbCI. 2 H 2 O, or Rl^HgjCIj, 
from soln. with the composition indicated in the preceding table ; and it yields tho 
4:3:1 salt when recrystallized from water. R. Godeffroy reported that needle* 
like crystals of totrahydrited mbidinm tetradUmmercuriaie, HgCl^i.2RbCn, or 



866 INORGANIC AND THEORETICAL CHEMISTRY 

RUHsai, leparated by evaporating the hydrochloric acid «oln. of the conatitiwn^ 
a^^ alio reported colourleea priama of the dihy toted ^ ^ ^“Jl'r^ll^lew 

evaporation of an aq. soln. of the anhydrous salt ; but H. W. (w an • ■ , . 

could get only tlu! monohytotcd salt from soln. whose composition w indicated in 
the preceding table. When recrystaUiaed from water it giv(« the 4:3 : 1 

R. Oodcflroy reported the double salt HgCli.ZCsU “ 1®’®.;, u 

prepared five double salts of mercuric and Cfflsium chlorides with HgUj . 
of which -6 '1 2 ; 1, 1 ; 1, 1 : 2, and 1 : 3— were anhydrous m aq. soln. at 2& . 
It might have been expected that casium, the extreme member of the pot^ium 
groups, and the most electropositive of the metals, would fomi a 
Les of double salts than the other alkali metaU, and this the more becai^ ‘be 
cn«ium double salts are usually less soluble than the correspondi^ salts of the oth» 
alkali metals. It will also be observed that the variety of the cfflsium double 
salts U greater with mercury than with cadmium, since mercury gives six types ol 
halide double BaltH, while cadmium gives but three. Zinc also gjvcs u 
magnesium one. Hence, the variety of double salts with these b'^f-nt elemente 
increases with the at. wt. of the element. Representing the ratios HgClj : MCI . MjU 
in the double salts of mercuric and the alkali chlorides, the following Kheme indi- 
cates those salts whose existence us chemical individuals is fairly well established . 


1 : 1:1 


NU*C1 
0 : * 2 : 0 
3 : 2: I 

I :i : I 
1 :2 : 1 


2 : 1:1 

1 : 1 : 1 
1 : 2 : 1 


HblM 

ChCI 

6:1:0 

6:1:0 

*• * 

2:1:0 

4:3:1 


1:1:1 

l:*i:0 

1:3:2 


1:2:1 

1:2:0 

1:3:0 


C Tourneux addend that the double salts are all hommomorphic, and show marked 
chemical analogies. .The (hdiydration curves show analogies with those of the 
zeolites, and suggest that the water content of th<‘ crystals depimds on the vap. 

press, of the surrounding atm. . 

H. W. Foote aiiplied the phase rule solubility method to aq. soln. of caesium 
aud mercuric chlorides, and tlie solid phases were found to be the same 
described by H. L. Wells. According to H. W. Foote, the percenUge solubilities 
of ciusium and mercuric chlorides are 6.r61 and 6 90, respectively, at 25 ; and the 
ranges of stability of the solid phases for soln. of different percentage composition 
fire : • 

(JsCl 
HgCl. 

SolUl iihiww . 1:3 ^ “ 

A portion of the curve for the rangea of stability is shown in Fig. 18. Tbe ‘.•xperi- 
mental results with mi.xtiires of cieaium and mercuric chlorides are Jiy the 

«aph Fig. 20. The vertical lines -soln. variable, residue constant^^spond 
witS the five double salts CsCl : HgCl.^ as 3 ; 1, 2 : 1, 1 : 1, 1 : 1 . o, w 

• therefore stable in aq. soln. at 25“. The honiontal liiies-TOb. constant, residue 
variable-indicate mixtures of salts represented by the h"p,' 

There was an irregularity observed in the numbers relating to the 1 : 1 salt j^CsCl.HgCl, 
or CsHgCl,, for L exp^eriments showed at &st a slight 

increase in the proportion of mercuric chloride along the Cs^l, ^ 

corresponding with a change in the nature of the double salt in spite of a obang^ 
rnSo” This change is presumably connected with the known dimorphism- 
cubic and rhombic— of this salt ; there is only one definite transition temp, at which 
bSb foil »rstobk ^ it m%ht thereforeL expected that one form alone would 
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Morcurio and Ctt'wiuin ( 'hIorid»*H. 


Appw at the arbitrary temp. 26®. However, the eonditiona not the same in 
Cerent experimente. When the caeiuni salt larj^^ly prt>dominate«, the cubic form 
is stable ; if otherwise, the rhombic 
form is stable. Acconlinj? to the 
phase rule, when the double salt is 
present there are four nhases ui the 
system — two solids, soln., vapour — 
and three components. The system 
is therefore univariant. If the temp, 
be variable, the cone, of the soln. will 
remain constant, and if one phase 
disappears, the soln. becomes bi- 
variant, when both temj>. and »-onc. 
may be varied. 

H. L. Weils made caesium 
h 6 n a d 6 c a c h 1 oropen tamercuriate, 

SHgCU.CsCl, or CsHg^Clji, by 
cooling a imiling aq. soln. of a mol of ciesium chloride with six mols of mercuric 
chloride. D. Stromholni prt‘pared it by the action of a soln. of mercuric 
and caesium chlorides in ethylsulphine chloride, (('l 2 U 5 ) 38 (/I. Acconling to 
S. L. Pcnfield, the prismatic crystals are monoclinic with the axial ratios 
a : 6 : c-v0 7233 : 1 : 0’467r), apd /3~8r>" 51" 40"". According to H. W. Foote and 
L. H. Ijcvy, w'hen recry stall ized from water it furnishes tho 2 : 1 salt. H. L. Wells 
also made csesium pentacblorodimercuriate, 2 HgCl 2 .CsCl, or CsHg^Plr,, by cooling 
a soln. of 24 grins, of CsHgCna and 16 grins, of mercuric chloriile in hot water. 
According to H. W. Foote and L. H. Levy, when rccrystallized fN water it furnishes 
the 1 : 1 salt. According to S. L. Pentield, the inonoclinic prismatic crystals have 
the axial ratios a:h\ c— ItiODU : 1 ; 1*3289, and j3- -lor 6 '. As indicated above, 
emsium trichloromercuriate is dimorpdious. Cubic crystals of the salt an^ formed 
by cooling mixed soln. with a large excess of cawium chloride or by i rystallizing 
the salt from a soln. of alcohol (1 : 3). It is almost insoluble in absolute alcohol. 
The rhombic crystals arc dejK)Hit<‘d when the ciesium chloride is not in excess, and 
by one or more cr)' 8 talhzatiou 8 from water of any of the double cynsiuin chlorides, 
According to 8 . L. Penfield, the axial ratios are <i : h : c:4)'.5774 : 1 : (>’44)88 ; and 
the refractive index /i -1*779 for the btliium ray, and 1*792 for the sodium ray. 
The salt can be rccrystallized from water unchanged, and at 17 the aq. soln, contains 
1*406 per cent, of this salt. H. Godefiroy made csBsium tetrachloromercurUtop 
HgCl 2 . 2 C 8 Cl, or Cs. 2 lIgCl 4 , by mixing soln. of the constituents in hydro<*hloric acid^ 
and 11. L. Wells by crystallization from a hot soln. of mercuric chloride in a nearly 
sat. soln. of ciesium chloride. The crystal constants have not been measured. 
The salt is very soluble in wakr. When rccrystallized from water, crystals of 
the 1:1 salt are formed. H. L. Wells also made pyramidal prismatic crystals 
of csesiam penta<diloromercuriate» Hgt^^ SCsCl, or CsgllgCJls, by dissedving a 
comparatively small quantity of mercuric chloride in a rather less quantity of a 
nearly sat. soln. of ciesium chloride than is required for the prf*c,i'ding salt. 
H. W. Foote’s work on the mutual solubility of mercuric and enpHium chlorides shows 
the conditions of stability. S. L. Penfield found the crystals belong to the rhonibic 
system and have the axial ratios a : 6 : <;=0*7976 : 1 : 0*6605. When crystallized 
from water it gives the 1 : 1 salt. 

P. A. von Bonsdori! reported the formation of a double salt, cupric tdrwMoro- 
mercuriate, by mixing aq. soln. of the component salts, and T. Harth 

also claimed to have made it in greenish-blue needle-like crystals by evajmrating 
a sobi. sat. with both components. The crystals are easily soluble in watei^ they axe 
probably mixed crystals because, in spite of R. Varet’s valuf^s for the heats of 
formation in soln. — (CuC4t, HgClj), 1*2 Gals, at 18®, and (GuGlg, 2HgGlj), 1*36 Gals, at 
17® — F. A, H. Schreinemakers and J. C. Thonus could find no evidence of the 
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formstioD of a double salt in aq. Boln. at 35 ° when examined by the solubility 
method. The isothermal line ac in Fig. 21 represents soln. sat. with CUCI2.2H2O ; 

and be, soln. sat. with HgCl2. The 
point of intersection c represents soln, 
sat. with both these salts. The solu- 
biJity of mercuric chloride, be, Fig. 21 , 
is greatly increased by the addition of 
cupric chloride rising from 8*5 per cent, 
in water alone to 52‘8 per cent, when 
18 ‘ 0 G per cent, of cupric chloride is pre- 
sent. P. A. von Bonsdorff also claimed 
to have made rhombic crystals of the 
ternary salt, 3HgCl2.CuCl2.6KCl.2H2O, 
by crystallization from mixed soln. of 
HgCl2.KCl.H2O and CuCl2.KCl.H2O. 

^ A. Mailhe also reported two cupric 

I'm. 21. -HoluhiUty curves in tho Ternary nmeurk oxycitloride.s, SCuO.HgClg.HgO 
System, CuCla -ffgCl,- JI,0 at 36“. and 7CuO.CuCl2.HgCI2.2H2O, which are 

probably mixtures. 

The chloromercuriates of the alkaline earths have not been so closely investigated 
as those of tho alkali metals. W. llerz and W. Paul have studi('d the solubilities 
of mercuric chloride in soln. of the chlorides of the alkaline eartlis ; 
1 . W. Kichards and E. H. Archibald found that when calomel is shaken with soln, 
of barium or calcium chloride, the dissolved mercury exists wholly in the mercuric 
state. As the cone, of the calcium or barium chloride is increased, the quantity of 
mercuric chloride^ soln. increases as a simple function of the square of the cone, 
of the chlorine ions. The results are explained by assuming that a highly ionized 
complex CaHgCIl4 or BaHgCl4 is produced. P. A. von Bonsdorff reported octahedral 
crystals of octohydrated calcium dodecachloropentamercuriate, CaClg.bHgClo. 

8H2O, or CaHg5Cli2.8H20, to be formed by the slow evaporation of a soln. of 
calcium chloride not completely sat. with mercuric chloride. D. Strbmholm also 
made analogous crystals by a similar process which his analyses represented as 
CaCl2.6Hg(^l2.GH20. P. A. von Bonsdorff made rhombic plates of hexahydiatcd 
calcium hexachloromercuriate, Ca(ff2.2HgCl2.GH20, by crystallization from a soln. 
of calc.ium chloride sat. with mercuric chloride. K. Varet gave the heat of forma- 
tion in soln. at 17 "' as O’ffb Cal. P. A. von Bonsdorff prepared needle-like crystals 
of what he regarded as strontium hexachlorodimercuriate, SrCl2.2HgCl2.2H2O, 
by the evaporation of sat. soln. of the component salts. J. N. Swan helicved that 
A. von Bonsdorff’s salt just described is really SrCl2.3HgCl2.r)(or G)H20. K. Varet 
computed the heat of formation in soln. at 17 ’^ to be 0-98 Cal. T. Harth's salts with 
the ratio HgCl2 : SrCl2 as 8 : 1 , 8 : 5 , 3 : 2 , and 4 : 3 arc probably mixtures, 

J. Davy, in 1822 , prepared crystals of what has been regarded as a double 
salt of barium and mercuric chlorides by dissolving 20 parts of mercuric chloride in 
a hot soln. of 87 parts of dihydrated barium chloride in 20 parts of water. P. A. von 
Bonsdorff obtained oblique rhombic prisms in a somewhat similar way, and his 
analyses correspond with BaCl2.2HgCl2.2H2O, but J. N. Swan believed these crystals 
have rather the composition BaCl2.3HgCl2.8H2O. H. W. Foote and H. S. Bristol, 
however, by an application of the solubility method, said that in aq. soln,, at 25 °, 
there is evidence of the formation of hexahydrated bluium octochlorothmercuriat6» 
BaCl2.3HgCl2.6H2O, or BaHg2Cl8.6H20, but not of P. A. von Bonsdorff's salt. This 
also agrees with F. A. H. Schreinemakers' observations. R. Varet has calculated 
the heat of formation of some possible barium chloromercuriates. C. Sandonnini 
observed' no double compounds of strontium or barium chloride on the f.p. curves. 

P. A. von Bonsdorff obtained rhombic cr}'Btal8 of beryllium chloromercuriate 
by tho evapowtion of an aq. soln. of the component salts, but he gave no analyses. 

A. Atterberg likewise obtained tabular hygroscopic crystals by evaporating a soln. 
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of equi-equivaleut« of the two chloridea in an exceaa of hydriKhloric acid, but 
J. C. G. de Maripnac clainia that no double salt is formed since he obtained crystals 
of mercuric chloride alone. J. Davy obtained a crop of nee<ile-Iike crystals by 
dissolving mercuric chloride in a warm soln. of magnesiiiui chloride of sp. gr. I’bS ; 
J. N. Swan found the crystals have the composition Mgf^L.dHgtMj.bUjO ; and 
P. A. von BonsdortT likewise obtaiiUHl crystals of ma gn^nni OCtOChlOfOtrimer* 
OOrUte, MgOI^ .'lHgOU.rilor 6)1120, by evajMirating a roln. of inagnesiuin chloride 
sat. with mercuric chloride, and from the mother liquid he obtained rhombic ]>riHmB 
of magnesium tetrachloromercuriate, MgOL Hgtl, bllnO. W. Herr and W. Paul 
have studied the solubility of mercuric chloride in sohi. of magneHiiim chloride. 
F. f'alzolari and U. Tagliavini obtained crystals of a comph'x of MgC^ -llgf’lg lOlIgO 
with hexamethylenetetramine, K. \aret has computed the heats of formation of 
some possible double salts of magnesium and mereuric chhuidcs. According to 
P.' A. von BonsdortT, a soln. of mercuric chloride in an aq. soln. of zinc, chloride on 
evaporation first deposits crystals of mereuric (hhiride, then deli(jue8cent needles 
and i)lates of line chloromercuriate slowly separate out. (’. Saudonnmi found 
molten zine and UKTcurie chlorides are inconqiletely inis<‘il)le ; two laviTs an* formed 
each containing traces of the other constituent K. Druck<*r menHiircd thi* con- 
dm tivity, distribution numbers, ami tin* depression of the f ]>. (if H(J. soln of zinc 
and mercurii* ehloridos, and <‘onelud<*d that soln. with over OOri mol of these salts 
per litre contain a mixed complex which in the non-ionized condition contains four 
chlorine and is, in consequenci*, probably ZnHgf’l^, a compound which 

T. Harth claims to have lutqiarcd, but In* gives no analyses, il. Varet has 
calculated the heats of format ion of some possible* zinc chloromen'uriates ; for 
(Zn('l2» UgGU) in ncj. soln. at 17 '', he gives PM Cals. (}. Andn'* has reported 
two zinc ammino-chloromercuriates, namely, L’Znf’L HgCl^i|NH3.Jll2t), and 
■lZnCl2.HgCl2.lcNH3 dlL^O. A Mailhe has reported ^ ^ t he (i.vyelilorido 
CdO.IIg(’l2.Ho() ; and H. Varet has l ah'ulated the heats of formation of Home possible 
C(ul mill m c/iloromfrcuriafrs. 
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§ 16. Ammoniobasio and Aquo-ammonio-basic Salts ol Nercuric Chloride 


a In the thirteenth century, Raymond Lully ^ obtained a fusible white precipitate — 
perfectum prcecipiiatum—hy treating mercuric nitrate with sal ammoniac and salt 
of tartar ; this precipitate was later confu-sed with calomel prepared by the 
wet process, and also with an infusible white precipitate obtained by N. Lemery 
by the action of ammonia on a soln. of mercuric chloride. Although J. Kunckel 
called both precipitaG'd calomel and the fusible white precipitate mercurii, he 
said they arc very different in examine chymico ; and F. Wohler and R. T. Kane 
( 1837 ) made clear the difference between all three preparations. 

A great many different opinions have been promulgated as to the constitution 
or composition ol infusible white precipitate, and in accord therewith it has been 
called by many different names. C. F. Rammelsberg and L. Pesci regarded it as a 
compound of ammonium chloride, NH4CI, with mercuriammonium chloride, NHg^Cl, 
which was formed. H. Gaudechon * tried to show that it is a complex analogous 
with 




Cl-N< 


Hg-Cl 

Hg-NH* 


The general opinion now is that this conmound is mercuric chloroamide, Hg(NH2)Cl, 
or amido-mercuric chloride, NHj.Hg.Cl; and is formed by the amminolysis of 
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mercuric diammiuo-chloridf , AgC]2.2NH9, by a prc»ct’>m analogcua to the hydrolvuia 
of aalts. The animinolytio decooipoaition ia aymboiiaed ; ilgClj.^NHaTa^NH^Cl 
+NH2.Hg.Cl, and thia emphasUea how the amnunolyaia ia rewracd by the aoouniu- 
lation of anunonium chloride in the system. While many amido-iompounds are 
hydrolytically decomposed in the |iresenc^ of water — f.g. jmtasaamide — and can be 
formed from liquid ammonia or in the pn*8ence of solvents other than water, the 
compounds formed by the action of ammonia on merrurie salts can usually exist in 
the presence of water w’ithout ajipreciable hydrolysis. 

In 1792, A. F. de Fourcroy describiHi the preparation of men'uric chloroamide 
by the action of ammonia on meri'uric chloride, and 8tat4*d this substance is decom- 
posed by heat into nitrogen, ammonia, and mercurous chloride A similar method 
was UfM'd by H. Hennell and R. Brandos in 1825, and by H. .1. Kane in An 

aq, sola, of mercuric chloride is tn'ated with a slight excess of ammonia. The 
precipitate is washed with a small quantity of cold water, pressed between pajier, 
and dried at a gentle heat. If the prt‘eipitate lx* washed with too much water, 
particularly with hot water, it ac<juireH a yellow colour, owing to tlu* formation of 
the chloride of the so-called Millon s base : HO.Hg.NH.Hg.f'l ; the liydrolytic re- 
action is represent4*d : 2NHo.Ug.Cl 4-H20:- NH4CI~f HO.Hg.NH.Hg.n. H. Ileiinell 
said that if 272 parts of mercuric chloride be jirccipitated by aep ammonia contain- 
ing 34 parts of ammonia, the filtrate is a soln. of neutral amnumium chloride ; and 
G. Krug, that if the precipitation be made in the cold, and th»' precipitate raj)idly 
8eparat4'd from the mother liquid, a fairly pure product is obtained. R. J. Kane 
found that 270 8 jiarts of isercurie chloride furnish 252 2 ]>orts ^nd P. Geiseler 
254’6 parts of infusilile white ]»recipitate. C. Tanret says that a whit^* precipitate 
of this salt is formed w hen a 1 : BXX) soln. of mercuric, chloride stands in air con- 
taining ammonia. H. Salia and K. N. (Uhoudhuri dissolved freshly jirecipitated 
mercuric chloroamide in aqua ammonia, and evaporated the’ soln. over sulphuric 
acid in vacuo. The aggregates of small prismatic crystals were then washed 
with a little water, dried first in a di'siccator, and finally at 100°. , 

Many other modifications of R. J. Kane’s process have been describ^l by 
G. Andre, E. Balestra, J. Si'ii, D. Btrdinholm, E. 0. Franklin, etc. N. A. E. Millon, 
for example, dropped the mercurii* chloride soln. into an excess of ammonia and, 
according to G. Andre, if N. A. E. Millon’s procedure be followed with cold soln. 
of 33*875 grms. of mercuric chloride, and 4’25 grins, of ammonia }>er litre, and the 
precipitate be rapidly waslied with cold water, a purer jiroduct is obtained than if 
R, J, Kane's proce.ss be used ; he added that if ai;i appreciable amount of hydrolysis 
has taken place, the precijiitate, dried at 110°, will evolve waOir if heaU*d to a higher 
temp. 

E. C. Franklin obtained mercuric chloroamide by treating meis-urie rhlorifte 
with an excess of liquid ammonia, pouring o2 the excess of ammonia, and then 
washing the residue. There is a reaction: HgCl2-l'2NH3^Hg(NH2)Cl 4 NH4CI. 
In the liquid ammonia, the presimce of a small quantity of ammonium chloride 
binders the formation of the mercuric chloroamide, but in aq, soln,, a large excess 
of ammonium chloride is needed to hinder its formation. D. Btromholm prepanul 
mercuric chloroamide by agitating a mixture of mercuric diammino-chloride with aq. 
ammonia for five days until the cone, of the ammonium chloride remained constant. 
A. Duflos likewise obtained infusible white precipitate by adding ammonium 
carbonate to a soln. of mercuric chloride; au coniratre, added G. 8. Johnson, 
ammonium carbonate is far more jaitent than ammonium chloride in preventing the 
precipitation, for, even after complete precipitation, the addition of an excess of 
ammonium carbonate pauses the precipitate to dissolve ; he said that even the little 
carbon dioxide absorbed when it has stood in a loosely stom)cred bottle, makes it 
unfit for the preparation of infusible white precipitate. V, J. Carnegie F. Burt 
prepared it by treating a soln. of mercuric chloride with ammonium oxalate and 
sodium or ammonium phosphate. F. L. Winckler converted merngric oxychloride 
into the chloroamide by agitating it with cone, aqua ammonia ; and R. Varet 
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similarly converted mercuric cblorocyanide ; E. C. Franklin agitated for some 
days the soln. of mercuric chloride in liquid ammonia with sodium amide, and the 
resulting product was washed to remove the sodium chloride and the excess of 
mercuric arnmino-chloride. C. Barfoed found that the black product obtained by 
the action of ammonia on mercurous chloride when exposed to air in thin layers 
gradually loses mercury and becomes white or almost white mercuric chloroamide ; 
and H. Saha and K. N. (jhoudhuri showed that the last-named salt can be dissolved 
from the blac'k product by digesting it with cone, aqua ammonia. 

As A. F. de Fourcroy ^ stated, mercuric chloroamide is a white powder which 
at first has an earthy taste and which afterwards appears to have the so-called 
metallic tast^i. H. Saha and K. N. Choudhuri obtained this salt in aggregates of 
small pri8mati<; crystals. H. Gaudcchon says the heat of formation of the reaction is : 
NHggCl f NH4(’U-2Hg(NH2)Cl+6-8 Cals. P. C. Kay and N. R. Dhar measured the 
electrical ( onductivity of acp soln., and from the results inferred that the salt is 
decompo8<*d intf) simpler parts, namely, NHg2Cl and NH4CI, R. J . Kane showed that 
wliile mercuric cliloroamide does not dissolve in wrUer, it is slowly decomposed into a 
yellow ])roduct by cold water, and very quickly by boiling water ; he found 502'8 
parts of the white precipitate yield iofrS jiarts of the yellow powder when treated 
with boiling water, and the water has taken up 515 parts of ammonium chloride. 
(I. Aiidn'^ has studied the progressive action of water on mercuric chloroamide, and 
has shown that the precipitate is gradually hydrolyzed, and D. Stromholm and 
H. Gaudechon have shown that with water there is a reversible reaction involving 
the formation, of the chloride of Millon's base : • 2Hg(NH2)Cl-f H20^NH4G1 
-l-IIO.Hg.NH.TIg.Cl, followed by the hydrolysis of the chloride of Millon's base : 
HO.Hg.NH.Ilg.Cl-}-H2^^^2HgO-j-NIl4(;i The hydrolysis progresses more quickly 
if the water be hot, aiub in boiling water the reaction 2Hg(NH2)Cl-f HoO 
"-Niy/d'l-IIO.HgT^I.Hg.Cl is virtually conqileted in a few minute's. 

When nu'rcmric chloroamide* is h(*ated, very gently to about 540 '’, R. Mitscherlich 
found that some ammonia is first evolved without a trace of nitrogen, then follows 
the sublimation of mercuric chloride, and a red substance, Nng2('l.Hg('l2, remains. 
Consequently, the reaction is symbolized : 3Hg(NH2)Cl--2NIl3 f HgCl2NHg2C’l, 
when heated below redness. R. J. Kane found mercuric chloroamide to be resolved 
without fusion into about 93 per cent, of mercurous chloride, and a mixture of one 
volunu' of nitrogen and two volumes of ammonia. This result has been confirmed 
by J. Sen, who found that two-thirds of the contained nitrogen is converted into 
ammonia, and one-third into nitrogen : 

N \\i Hg(1 

NH, HgGl -> 2 NH 8 i 3 HgCMiN, 

There are secondary reactions, for the mercurous chloride is usually blackened by 
the ammonia and some ammonium chloride is formed : 2NH3-f2HgCl— NH4CI 
-fllg-[-NH2Hg€l. 

According to H. Saha and K. N. Choudhuri, cold aq. hifdrojluoric acid gives a 
mi.xture of ammonium tluoride and a fluorochloride, HgFCl. V. Schwarzenbach 
found that when mercuric chloroamide is exposed to the action of gaseous chlorine 
or chlorine water, all the contained nitrogen is evolved as a gas, and the mercury 
forms mercuric chloride ; if the powder be projected into a globe filled with chlorine 
gas, it becomes hot and either explodes or produces a green flame —presumably 
owing to the formation of some nitrogen chloride. Accorijing to C. Ullgren, dry 
hydroifcn chloride at RK)® transformed the salt into a mixture of anmionium and 
mercuric chlorides no water or mercuric oxide is formed — Hg(NH2)Cl-f 2 HC 1 
~HgCl2-hNH4Cl. A. F. do Fourcroy found it to be soluble in hydrochlonc oetd, 
forming a soln. of mercuric and ammonium chlorides, as was further established by 
H. Saha and K. N. Choudhuri. C. F. Rammelsberg found that a boiling cone. 
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•oin. of aHali cUorvU separates ammoala from this com;>ound, and mercurk’ ehIori(|e 
passes into soln., and G. Andr^ separated the nitrogen quantitatively as ammonia 
oy this reaction. According to R. H. Brett, it is soluble in a hot soln. of umfHoniwm 
eiloride^ and E. C. Franklin found that it is in equilibrium with a 0 4 ibV-soln. of 
ammonium chloride ; HgCU 2NH3?*iHg(NUo)n | NHif'l ; and for the rt’vereibls 
reaction, 2Hg(NH2)CI+H2CMHO.Hg.NH.Hg.(’l f NH^dtheeonc.oftheammonium 
chloride is less. R. J. Kane found mercuric chloroamide to be deconijmsed when 
boiled with cupric chloride ; a precipitate (d the «o-<‘alled Brunswick green, 
CuCl2,3CuO, and a soln. of aleiubroth salt is formed. V. Sehwarzenbach found that 
bromine acts like chlorine without forming nitrogen bromide ; according to H. Kdhem- 
Bt‘v,a dil. alcoholic soln. of bromine acts vigorouslv on nu'n'uric chloroamide, forming 
carbon t^'trachloride, and a double salt. NH^t'I.HgBra. (Vild htjdrobroinw acid, 
said H. Saha and K. N. Choudhuri, gives a mixture of mercuric and ammonium 
bromides. According to K. A. Hofmann and K. (\ Marburg, with u soln. 
of amttu>nium bromide ammonia is evolved. F. A. Kliickiger noted that hijjMh 
broimm acid or the alkali hvjiobromites decompose mercuric chloroantide in the 
presence of water, but less violently than iodine. H. Saha and K. N, Choudhuri 
say cold hydriodic acid gives a mixture of mercurie and anmioniuin iodides. 
According t^ V. Schwarzenbach, a mixture of finely divi<le<l nien nru* (diloroainide 
and an ethyl alcohol soln. of unlifu- first forms incnMiric iodide, and then explodes 
with great violence ; but dry iodine does not explode when rubWd up with nien urio 
chloroamide, or when the mixture is suhjecU’d to jH-rcussion, but K. A, KhickigiT 
did obtain a d<*tonation from a mixture of three parts of iiuTcuric ehloroaniide and 
four parts of iodine which had been vigorously trituraU*d and jcljowed to stand some 
time- iodine and nitrogen were developeil, If two parts of iodine, in soln in carbon 
disulphide, chloroform, glycerol, amyl or propyl alcohol in plap)i>f ethyl alcohol, 
be mixed with five of mercuric chloroamide, V. Schwarzenbach obtainc<l no cxjdosiun 
in 24 hrs., but with six of iodine he did get an explosion owing to the formation of 
some nitrogen iodide. A mixture of water, iodine, and mercuric ehloroaniide 
decrepitated; F. A. Fliickiger representi'il the reaction: lfHg(NlIj[)Cl | tllj| 
“ 3 HgCl.j -|-6Hgl2 f'3NH4('l 42NH3-f 2N2, and he adds that some nitrogen iodirle, 
NIlIj, is formed as an inb-rmediato product ; according to Rice, the f(»rmation 
of explosive nitrogen iodide is prev<’uted if some i>henol be pr(*Hent, and iorloform, 
CHI3, is then forimul. R. J. Kane said tliat with an aip soln. of potoMHtum iodide, 
ammonia and mercuric iodide are formed. According to E. Rupp and F. Isdiiuann, 
the reaction is : Hg(NH.2)Cl'f2Kl 4 H.^f) HgL bKCld-NH3 f KOH. 

According to V. Schwarzenbach, if mercuric chloroamide be heated to 
witli one-eighth of its weight of sulphur, th(‘ mixture becomes brown an<l a puqjle- ^ 
red vapour of nitrogen suljihidc, N4S4, is evolved ; with equal widghts of the two, 
the mixture becomes yellow at ITjO", and a purple*r(‘d vapour of K. SouWiraii's 
chloride de soufre ammoniacal, SCI2.2NJI3, is fornuMl. R. J, Kane found that when 
mercuric chloroamide is heated with an aq. soln. of barium sulphide, ammonia and 
mercuric sulphide are formed. A. F. de Fourcroy noU'd that mercuric chloroamide 
is soluble in sulphuric acid, forming mercuric chloride, and mercuric and ammonium 
sulphates ; according to C. Kosmann, if mercuric chloroamide he boiled with 
water acidified with sulphuric arid, and the soln. evaporated on a water-bath, 
white plate-like cry'stals of the triple salt, 2NH4C1.2HgS04.Hg('l2»ar*‘ formed, mercuric 
and ammonium sulphates remain in soln. According U) G. Andr/*, dil. suljihuric 
acid does not decompose the salt even at 225 *^ in a sealed tulx-. K. J. Kane could 
detect no reaction between ammonio and mercuric chloroamide, w hile D. J. Carnegie 
and F. Burt found mercq^ic chloroamide to he insoluble in an excess of ammonia ; 
but H. Saha and K. N. Choudhuri found that if freshly precipitated the chloroamide 
dissolves in cone, aqua ammonia, and can be recovered in a crystalline fSrm by 
evaporation. A. F. de Fourcroy and C. Kosmann found the salt to be soluble in 
dil. nitric acid, forming mercuric nitrate and ammonia ; and H. H, Brett, soluble 
in a warm aq. soln. of ammonium nitrate, and, according to K, A. Hofmann and 
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E. C. Marburg, ammonia is slowly evolved. Accordii^ to K. A. Hofmann and 
E. C. Marburg, wifh a neutral soln. of silver nitrate it gives up only half the 
contained chlorine during a 30 mins.’ digestion ; L. Pesci says the whole of the 
chlorine is given up by this treatment. B. E. Howard found that hypophosjpkarous 
acid reduces mercuric chloroamide to the metal when the mixture is warmed on a 
water-bath. D. J. Carnegie and F. Burt found that the salt is soluble in a cone. soln. 
of phosphoric acid, and the soln. deposits crystals of a compound not yet identified ; 
it is also soluble in an excess of a soln. of diammonium hydrogen phosphate, but not 
in a soln. of disodium hydrogen phosphate. According to C. Reichard, a soln. of 
arsenious oxide in ammonia reduces mercuric chloroamide in a short time, and the 
colour changes from white to grey to black owing to the separation of mercury. 

H. Hennell found mercuric chloroamide to be soluble in hydrocyanic acid; 
V. Schwarzenbach found that when heated with a soln. of potassium cyanoplatinite, 
K2ptCy4, it furnislu’s a soln. of ammonium cyanoplatinite, and the yellow chloride of 
Millon’s base, HO.Hg.NH.HgCl; C. Kosmann found that when boiled with twice its 
weight of potassium hydrogen oxalate, carbon dioxide and insoluble mercuric oxalate, 
HgaCA. are formed: 4KHC\04 + 2Hg(NH2)Cl = 2CO2 + 2NH4CI -f 2K2C2O4 
+Hg2^'204 5 and when boiled with a soln. of potassium hydrogen tartrate, KH5C4O8, 
carbon dioxide is evolved. H. Bauer says that it dissolves without residue in acetic 
acid of sp. gr. l OGO ; and C, Kosmann showed that when the soln. is boiled, mercury 
and carbon dioxide are formed, while yellow crystals arc formed when the soln. is 
evaporated. 

According to V. Schwarzenbacdi, ethyl chloride •dova not react with mercuric 
(ihloroamide at ordinary tiunp. and press. ; but when heated, H. Kohler recognized 
ethylamine, mercuric and mercurous chlorides among the products of decomposition. 
Acetyl chloride r<4ftd-8 vigorously when heated therewith, forming the corresponding 
amide. E. Schmidt and L. Kraiiss obtained by the action of mercuric chloroamide 
on a soln. of methyl iodide in methyl alcohol at room tern]), for a long time a double 
compound of tetramethylammonium and mercuric iodides : 2 N{NH 3 ) 4 T, 3 Hgl 2 ; 
and when heated for 2 hrs. in a sealed tube on a water-bath, a com})ound 
N(Cf[3)4l.Hgl2. F. L. Sonncnschein observed among the products of the action of 
ethyl iodide lieated with mercuric chloroamide for many days, (i) an ayueous solution 
of mercuric and ammonium chlorides and a crystalline compound of mercuric 
chloride with ethylamine hydrochloride ; (ii) a heavy dark brown liquid con- 
taining the excess of ethyl iodide, from which alcoholic eth(‘r extracts a double 
compound of mercuric, iodide with ethyl-, diethyl-, triethylamine hydroiodides, 
and tetraethylammonium iodide ; and (iii) crystals of a double compound of 
mercuric iodide w'ith tetraethylammonium iodide, N(C2H5)4l.3iHgl2 and of 
N((^2^^5)4Ll^(f'2H4)2HgI. M. Zipkin also obtained a double compound, 
2N(C2H5)4l.3Hgl2, by heating a mixture of ethyl iodide and mercuric chloroamide 
for four months on a water-bath ; and after six mouths’ heating, NH4l.Hgl2, together 
with a little ethylamine and ammonium chloride. S. Hajnoci and M. Low have 
studied the action of methyl iodide on mercuric chloroamide, and obtained a mixture 
of NH4l.2Hgl2or NH4Hg2l5, and of mercuric methylamraino-iodide, Hgl2.N(CH3)H2. 
H. Edhem-Bey found after five weeks’ exposure with chloroform, mercuric chloro- 
amide forms ammonium and mercuric chlorides, and carbon chloride. Similar 
results were observed with iodoform. R. Wagner found amyl mercaptan, 
CsHn-SH, furnishes a white crystalline compound and mercuric diammino- 
chlorido : 2Hg(NH2)Cl-l-2C5HiiSH— HgCl2.2NH3-f (06Hii)2S2Hg, which when 
dried at 100® and distilled forms mercuric sulphide and amylamine hydrochloride 
2(C5 Hii)NH 2.HC1. C. Kosmann studied the action of quinine sulphate on mercuric 
chloroamides. 

Acdirding to H. Edhem-Bey, sodium amalgam attacks mercuric chloroamide 
with the evolution of ammonia by an exothermal reaction, the mixture becomes 
brown and then black, and the residue contains sodium chloride, yellow mercuric 
oxide, and mercury. Similar changes are observed with alkali hydroxides. R. J. Kane, 
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L. Pe4K'i, and H, Gaudechon aaid that the chlor^tamide Iniconiefuycllow when treatetl 
at ordinary temp, with a aoln. of potaaBiuni or calcium kydroxult'. half the con- 
tained nitrogen la evolved aa ammonia, and thia fact haa been cited in favour of 
C. P. Rammelsberg and L. Peaci’a formula NH 4 Cl.NHggCl againat R. .1. Kano’s 
formula NHj.Hg.Cl, but K. A. Hofmann and E. C. Marburg say that at the 
compound loses all its contained nitrogen, as arnnmnia, wh«*n heated with 2(i per 
cent, potassium hydroxide. 

There are some comjwunds which may be reganied as addition jjroduots of 
mercuric chloroamide For «‘xample, N. A. E. Millon’s* N H^Hgot^j, may be rt'garded 
as a double mercuric chlaridc iiud chlormmidr, HgClj Hg(NHjj)('l ; or, 


(’I Hg 
('I~Hg 




H. 

X’l 


or, according to E. (’ Franklin, as a basic mixture, 3HgClj>.ng{Nll.>)2 ; or, according 
to E. Balestra as a doiible diiuercunammonium hydrogen chloride, N. A. E. Miilon 
made this comjiound by adding aqua ammonia to a large excess of a cold soln. of 
mercuric chloride ; E. Balestra, by adding half aa much dil. ammonia to a soln. of 
mercuric chloride as is needed to precipiUte all the mercury ; and I). Strdmholm, 
by shaking undried mercuric chloroamide with a 0‘5 per cent, soln of ammonium 
chloride containing a large; proportion of mercuric chloride, H. Gaudechon does not 
accept the existimce of the compound llgCL.H 2 NHgCl ; but M. G. (1. Holmes 
made it by heating infusible whit<j precipitate for 1 to 2 hrs. at 100“ with a soln. of 
0'3 to ro grm. of ammonium c^iloride in KK) c.c. of water nearly sat. with mercuric 
chloride. On cooling tlie filtered soln., a line white powder sejairated. The white 
powder rosmnbles mercuric chloroamide ; and it is decomposed into mercuric and 
ammonium chlorides by washing with cold waUT, D, 8tronihoh.i ftbtained what ho 
regarded as 2 lIgC’lij.fN 2 HIIg 3 Cl.H 20 , by shaking this compound with water ; and 
it is stable in soln. containing a high proportion of mercuric chloride, and a small 
proportion of ammonium chloride, if but a small proportion of mercuric chloride 
or a large ]>roportioii of ammonium chloride be jiresent, the eoiiipound is di'Wjrn- 
posed ; and E. ihilestra found that no ammonia Is given oil when it is treated 
with potash lye, but is given of! copiously when treated with a soln, of ammonium 
bromide. When hydrogen sulphide acts on the compound in the presence of water, 
the latter becomes acidic owing to the formation of nurcuric dummiuochloroamule, 
HgCl2.ng(NH2)C1.2NH3. According to G. Andre, crystals of this compound 
are formed when 20 grins, of yellow mercuric oxide arc dissolved in a soln. 
of KXJ grins, of ammonium chloride in 350 grms. of water, and enough dil. 
ammonia added until the soln. smells strongly. The washed juvcipitate is# 
dried at KXJ". K. Thiimmel obtained a white precipitate of a double nmeuTio 
oxy chloroamide, HgO.HgCl 2 . 2 Hg(NU 2 )CI, by adding mercuric chlorhie U) an excess 
of ammonium bydrogen carbonate; when slowly heat(*d to 180 or 2(X)“, it pro- 
duces a red powder — possibly 2HgCl2.Hg3N2. K. Thummel also obtained what lie 
regarded as 3 HgO.HgCl 2 . 2 Hg(NH 2 )Cl, as a llocculent white precipitate by adding 
a mixed soln. of sodium and ammonium hydrogen carbonates to one of mcucuric 
chloride. 

Mercuric hydroxychlorOElllide« HgOH — NH — HgCl, or rmrcuric imidohydroxy- 
chloroamide or the chloride of Miilon s base. It can also be regarded as dimercuri- 
amnwnium monoaquochloride, Hg ; N.HgCl, HjO; or as oxydimercurmnnwnium 
chloride, 0 : Hgg : NH 2 CI ; or as mercuric oxychloroamide, HgfNHgf.O.HgCl, 

R. J. Kane ^ showed that mercuric chloroamide, Hg(NH 2 )CI, is hydrolyzed by water, 
forming mercuric hydrox^chloroamide, HgOH.NH.HgCl, the chloride of Millon’s 
base. D. Strdmholm, and K. A. Hofmann and E. C. Marburg prejiared thy com- 
pound by digesting the chloroamide with water at 60'’-70“ for 12 hrs., and washing 
the product first with hot water, then with alcohol, and finally with ether ; it is 
then dried to constant weight in vacuo. C. F. Raramelsberg, and L. Veici prepared 
it by the action of dil. hydrochloric acid on Millon’s base, or by the action of a cold 
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soba. of hydrochlonc acid in alcohol. D. Stromholm also hydrolyzed mercuric 
chloroamide by dissolving 3 grms. of the salt in 70 o.c. of 25 per cent, hydrochloric 
acid, and filtering the soln, into 500 c.c. of normal sodium hydroadde, and allowing 
the mixture to stand for some days. R. J. Kane, T. Weyl, and H. Gaudechon also 
’ prepared the same compound by the hydrolysis of mercuric diammino-chloridc ; 
and E. Balestra hydrolyzed dimercuric dichloroimide, (HgCl)2NH or 
(HgCl)2N.Hg.N(HgCl)2, with a dil. soln. of potassium hydroxide ; N. A. E. Millon 
obtained mercuric hydroxjcbloroamidc by the action of an excess of ammonia on 
mercuric chloride, and washing the precipitate with hot water; D. Stromhohn 
added 20 c.c. of 8 per cent, ammonia to a soln. of 5 grms. of mercuric chloride in a 
litre of water, and allowed the mixture to stand with repeated agitation for 6 days 
• at the teiii]). of the room. G, Andre used an analogous process, G, Andre also 
prepared this compound by dissolving 20 grms. of yellow mercuric oxide in a boiling 
soln. of 100 grins, of ammonium chloride in 350 grms. of water. The filtered soln. 
is to be treated with dil. ammonia until it smells strongly of the gas, the precipitate 
is filtered off, and a large excess of water added to the liquid. H. Gaudechoh treated 
the oxychloride 3HgO.HgCl2, or an eq. mixture of the components, with ammonia ; 
and C. Ullgren passed dried ammonia at IfiO'^ over the same oxj'chloride dried at 
KX)'’. H. Fiirth made the same compound by the action of ammonium chloride on 
mercuric chloride acetamide,. HgCl2.CO(CH3)NH2. 

Mercuric hydroxychloroamide is usually pale yellow or cream colour, but when 
pure it is a wliitc powder ; that obtained by the ait^of potassium is always yellow. 
R. J. Kane reported that when heated, ammonia, nitrogen, and water are evolved 
and a sublimate of mercury and mercuric chloride is formed ; while C. F. Rammels* 
berg notiid that it loses nearly all its combined water at ; D. Stromholm gives 
120'^ This compotmd is so stable, said H. Gaudechon, that the combined water 
cannot be separated without decomposition, for if a little water be exj)elled by heating 
it to 1.30'' for .^-fi hrs., the product leaves a residue of mercury when extracted with a 
soln. of pota.ssium cyanide. K. A. Hofmann and E. C. Marburg say that it is not 
altered by heating to 120“ in a stream of ammonia, or wlum it is allowed to stand 
over sulphuric acid. R. J. Kane said it is sparingly soluble in water, and easily 
soluble in hydrochloric or nitric acid ; while H. Gaudechon says it is decomposed by 
hydrochloric acid, forming mercuric and ammonium chlorides, and C. Ullgren that 
with hot cone, nitric acid it gives a nitrogen trioxide. 1). Stromholm says it is in 
e(]uilibrium with a 0‘15 per cent. soln. of ammonium chloride : HgOii.NH.HgCl 
-|-NH4CMH20-l-2Hg(NH2)Cl, L. Pesci found it gives off its nitrogen as ammonia 
when treutecl with ammonium bromide ; C. F, Rammelsherg obtained similar 
* results wittf boiling soln. of the alkali chlorides ; and 0. Ullgren obtained ammonia 
and mercuric sulphide, by treating it with a soln. of potassium sulphide. E. Balestra 
obtained mercuric sulphide and a neutral soln. of ammonium chloride by the action 
of hydrogen sulphide. R. J. Kane found that a boiling soln. of potassium hydroxide 
gave off no ammonia, and changed only the colour of the salt ; E. Balestra confirmed 
this observation. F. A. Fluckiger found that when rubbed up with iodine, mercurous 
iodide is formed at first, and after some time mercuric iodide ; the change is faster 
if the mixture be warmed with water. M. Zipkin obtained a double salt of mercuric 
iodide and tetramethyl ammonium iodide by heating it with ethyl iodide for 8 hrs. 
in a sealed tube on a water-bath. C. F, Rammelsherg noted that a soln. of potassium 
iodide forms mercuric imidohydroxyiodide, and with an excess of potassium iodide 
there is a partial decomposition and some ammonia is evolved. 

0. St'hmiedor * reported the formation of two mercuric oxyhydroxychloroamides 
which E. C. Franklin formiUated as containing HgO : HgGH.NH.HgCl in the ratios 
1 : 1 aTid 1:2, but which 0. Schmieder regarded respective! v as compounds 
NH2(HgO.HgO.Hg)Cl, and NH2(^.O.Hg)Cl.NH2(HgOHgOHg)Cr. The 1 : 2 com- 
pound was made by pouring a dilute hydrochloric acid soln. of hydrated mercutio 
diammino-sulphate, HgSO4.2NHj.H2O, into an excess of dil. potassium hydroxide, 
and washing the product with hot water ; when this substance is boiled with cone. 
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pota«b-lje, it forms the 1 : 1 compound. N. A. B. MtUon oUipied to havt^ made a 
pale yellow powder of a double compound of mercurie ckloroamide and hydroxy- 
chloroamide, which E. C. Franklin foriiiulaU‘d HK(NHa)C1.2(Hg()H.NH HgCl), 
by the prolonged washing of HgOli.HgfNHs)!’! with water, and by th») action of 
ammonia on a boiling sola, of mercuric chloride— for the lattt*r proccyw 0. AndiA 
recommended pouring 3 vols. of a sola, of 33 87r) grms. of mert'uric chloride in a 
litre of water into 2 vols. of a soln. of 4’2r» grms. of ammonia in a litre of water ; 
the precipitate remaining afti‘r decantation was shaken for 24 hrs. with four more 
volumes of the ammonia sola., and filttwed. K. Balestra faih'd to prepare this 
compound by either of N. A. E. Milioirs proe»‘sses, and he regards tlu' prwluct as 
a mixture of NII(HgCI) 2 . t.e. NllggCl IK'l with ‘iNHg^t’) Hgt'l^- 'lh«' alternative 
formula by G. Andre is Hg(NlL)C1.2(Nll2Hg.O.Hg(’l). G. Andre ak) claimed to 
have made the 1 : 1 and the 2 : 1 salts which E. C. Franklin htrmulates n*spectively 
HgfNHojGl.HgOH.NH.llgCl, and 2Hg(NH.>)Cl.Ug()H NlMlgt'l ; the former com- 
pound by pouring G vols. of a soln. of 4’2r) grms. of ammonia in a htn* of water 
into one part of a soln. of 33 875 grms. of mercurh* chlorid*' in a lith', and, after * 
standing some hours, wa.shing and drying the precipitate at 110‘, The 2 : 1 com- 
pound was made by treating one volume of the mercuric chloride with 240 vols, 
of the ammonia scjln. in a similar manner. The 4 : 1 compound, which K. G. Franklin 
formulates 4Hg{NH2)Cl.HgOH.NH Ilg(3, was made hy N. A. F. Milion hy pouring 
a boiling soln. of mercuric chloride into an excess of aijua ammonia, and washing 
thoroughly with cold water. E. Balestra regartls it as the end-product obtained 
by thoroughly washing mercuric chloroamide with water. 

Dimercuriammonium chloride, or Mramrcuriavnuonium cMUmdv, NHggCI, 
probably has the constitution Hg: N.llgt’l, although E. C. Franklin ‘ said that it 
may he also regarded as a basic mixture of mercuric chlodd^ and nitride, or 
mercuric chloronilride, HgCl 2 .ilg 8 N 2 . According to H. Gamiechon, this comjioimd 
has not been isolated, but its existence is made probable by the fact tlmt the corn?- 
spending iodide and bromide have been obtained. G. Andre, K. A. Hofmann and 
E. (J. Marburg, P. C. Kay, and H. Gaudechon believe that the alleged jiroduction 
of this compound is an error. The latter said : 

I have trkxl to make NHg,Cl, but all attempts action of heat, docoin posit ion of doublo 
salta, etc. - have not ensbh'fl me to isolate it. The iin|K>iwibdily of eliminating the water 
from the ohloride of Millon’s first base lln:()H.NH.HgCl, or NJlg|Cl,Jl,( ), witlund decomposi- 
tion It'd K. A. Hofmann and K. Marburg to jufer that this compound posw'sww a constitu- 
tion different from NHg,CI H,(), tw8umo<l by C. K. Haminolsbei|{ and L. Pcisci. 

T. Weyl claimed to have made dimercuriammonium chloride by treating 
Hg : N.HgOH “the second anhydride of Milieu’s base — with a (xild akoholic soln# 
of hydrogen chloride ; and by the action of liejuid ammonia on the oxychloride 
3HgO.Hgf'l2 ; .G. F. liammelsbcrg obtained it by heating the chloride of Millon's 
base to 200" ; by boiling fusible or infusible white precipitate with water or potash- 
lye ; and by treating Hg : N.HgCI with the calculated quantity of hydrochloric 
acid ; and H, Gerresheim, and C. F. Rammelsberg, by the action of sodium chloride 
soln. on Hg ; N.HgCI. T. Weyl says this c^orapound is a yellow powder which 
at 300° dccomposi’s suddenly into mercuric chloride, mercury, and nitrogen. It is 
not decomposed by boiling water ; cold dilute hydrochloric acid dissolves it very 
slowly ; cold potash-lye forms potassium chloride and a yellow powder which 
when washed with alcoholic ammonia and dried, explodes when rajiidly heated. 
Boiling potash-lye was found by L. Pesci, and T. Weyl to decompose it completely, 
forming ammonia, and mercuric oxide and chloride ; soln. of potassium chloride, 
said T. Weyl, act similarly. L. Pesci showed that an 8 per cent, soln. of ammonium 
chloride converts it at ordinary temp, into fusible white precipitate, Hgf^ 2 - 2 NHj. 

H. Gaudechon reported the formation of four dimerci^miiioniam immino- 
chlorides, NHg 2 Cl.nNH 3 , where ft is 1, and 3. C, F, Kammelslierg’s, L, Pesci’s, 
and H. Gaudechon’s formulae for infusiWe and fusible white precipitalw repreaent 
them as double compounds of dimercuriammonium chloride and ammonium 



870 


INORGANIC AND THEORETICAL CHEMISTRY 

I 

chloride respectiveljj in the proportionfl 1 : 1 and 1 : 3, that is, NHg2Cl.NH4Cl and 
NHg2C1.3NH4Cl respectively. 

H. Gaudechon said that the so-called hydnUes of dimercuriammonium chloride, 
namely, NHg2Cl.nH20, where n= J, and 1, are not different stages in the hydration 
of this compound,but rather different condensation products, (NHg2Cl)rt, (NHg2Cl)2n, 
and (NHg2Cl)4„. While the compound NHg2Cl,wH20 is preferably regarded as 
HgOH.NH.HgCl, the compound NHg2Cl.iH20 is said by H. Gaudechon 
to be formed by drying NHgCl.nH20 at 100“ ; and the compound 
NHg2Cl.JH20 was regarded by R, Kane and G. Andre as having the 
composition NHg2Cl.NH2Hg.O.HgCl, while E. C. Franklin assumes it to be a 
double salt of dimercuriammonium chloride, aid mercuric chlorohydroxy amide, with 
NHg2Cl : HgOH.NH.HgCl in the pro])ortion8 1:1. G. Andre made this double 
salt by mixing 200 c.c. of JiV-mercuric chloride soln. with 150 c.c. of a JY-potassium 
hydroxide, and then adding 100 c.c. of a JiV-ammonia - or 150 c.c. of JA-ammo- 
nium chloride soln. The yellow colour disappears after shaking the mixture for 
half an hour; it is then filtered, washed with cold water, and dried at 110“. 
H. Gaudechon made* it by the action of dil. hydrochloric acid on NHgOH.HgO ; 
by di'hydrating HgOH.NH.HgCl with li(juid ammonia; and by boiling fusible or 
infusibhi whit<^ precipitate, with water, or, according to L. Pesci, by treating them 
with a 20 per cent. soln. of potassium hydroxide or sodium carbonate. P, C. Ray 
hydrolyzed ammonium pentachlorodimercuriate, NH4Hg2Cl5, or NH4C1.2HgCl2, with 
dilute potash-lye, and J. 8en similarly hydrolyzed ^mercuric chloroamide. The 
jirodiU't is a pale yellow powder which is very stable. According to H. Gaudechon, 
the heat of formation is 24’8 Cals., and the heat of hydration 2 0 Cals, P. C. Ray 
says it loses no ajiprec.iable quantity of water at 120" ; on further heating J. Sen 
found it to be ^'(wmjiosed into nitrogen, mercury, and mercurous chloride — a 
little of th(^ nitrogen may be given off as ammonia. If allowed to stand for several 
days in contact with water at 15", H. Gaudechon could detect no transformation 
into NHg2(-TH20, nor indeed by heating to PX)" for lOO hrs. G. Andre 
also ])re])ared what E. C. Franklin formulated as the 1 : 2 double compound 
Hg2N(!l.2(Hg()H.NH.HgCl), and G. Andre as Hg2NCl,2(NH2Hg.O.HgCl) or as 
3Hg.2NCl.2H2O, by pouring 2(X3 c.c. of JA-mercuric chloride into 400 c.c. of 
ammonia, and washing the precipitate rapidly by decantation with a small quantity 
of water. The precipitate was then shaken for 1| hrsi, filtered, washed, and dried 
at 110". He also prepared the same com])ound by adding an ammoniacal soln. 
of potassium hydroxide into |A-niercuric chloride soln. 

G. Andr6 reported what may be regarded as trijilo compounds of mercuric 
%c.hloroamide, and hydroxychloroamide with dimercuriammonium chloride, 
Hg(NH2)CH : Hg2NCl : HgOH.NH.HgCl in the molecular proportions 1:1:1; 
1:2:1, and 2:1:1. 

Merouric dichloroamidei (HgCl)2NH. — E. C. Franklin ^ also suggests that this 
compound may be really a basic mi^ure of mercuric chloride, HgCl2, and mercuric 
imide, HgNH. E. Balestra regards it as a complex acid or double compound of 
hydrochloric acid and dimercuriammonium chloride, NHg2Cl.HCl, just as the 
compound HgCh^ NH2HgCl can be regarded as NHg2C1.2HCl ; and NH4HgCl5 or 
NH4Cl.2HgCl2, as NHg2C1.4HCl. E. Balestra made this compound by adding to 
200 c.c. of a boiling 7 per cent. soln. of mercuric chloride, half as much ammonia as 
is necessary to make the soln. neutral to litmus. The amorphous yellow powder 
is dried in air ; when suspended in water, it is decomposed by hydrogen sulphide, 
and the water acquires a strong acid reaction. It develops ammonia when digested 
with ammonium bromide, but not with potash-lye. *' 

Meij?uric tetrachloroamide, (H^l)2N.Hg.N(HgCl)2.-“E. C. Franklin considers 
the possibility of this substance being a basic mixture of mercuric chloride, HgCl2, 
and mercuric nitride, Hg3N2, or mefcurxc chloro-nitride. It can be regarded as a 
double salt 'of dimercuriammonium and mercuric chloride, 2NHg2Cl.HgCl2 ; or 
of HgCl2(Hg : N.HgCl)2. E. Mitscherlich fcund it remaining in small red crystalline 
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|)lat<*8 resembling red mercuric oxide. When infusible whit-e prtcipiUte, NHgHgClj 
is carcdully heated in a retort, immersi'd in a bath of fusible metal, until the am- 
monia is all driven off, and the menuric monammiuochloride, HgClg-NHs, 
and mercuric chloride begin to sublime ; 6Ug(NUg)Cl~3NH3'f Hg(NJIji)Cl2 
+(HgCl)o ; N.Hg.N : (HgCljo. 1 \ C. Hay made it as a yellow pn‘cipitate by adding 
potash-lyo carefully, not in excess, to a boiling soln. of ammonium pentachloroili- 
mercuriatt*, NH^Cl ‘JHgt'lj. H. (Jaudechon prepared it by the ac'tion of hydrochloric 
acid on the chloride of Milloirs base ; and by mixing a hot cone. soln. of mercuric 
chloride with an etjui-molar quantity of ammonia, washing the ])nM'ipit-at« frt*e 
• from chlorine, and drying at UK.)'*, E. Mitacherlich says that this <’ompound 
decoin|»os<‘8 into nitrogen, mercury, and mercurous chloride when lu-ated above 
the boiling j)omt of mercury ; it is scarcely alTocted by water at 18 and it dissolves 
in boiling hydroehloric a<‘id, forming ammonium and mercuric chloridi's ; boiling 
suljjhuric acid decomposi's it in an analogous manner ; it is not dissolved or decom- 
|K)sed by boiling nitrie acid, dil. sulphuric acid, or by alkalies H. (laudechon 
says that when treated with aqua ammonia, cold or hot, a mixture of Hg(NIf.j)Cl 
and Hg(’l NH.HgOH is formed 

BforcunO tri^Oro&midCt N(irgCl)3. It will he observed that the mercuric 
chloroamidos can be graphii ally repreH«*nt«*d by the formulio : 

H H H ^Hg(1 

N H N HgCd N. HgCl N . HgCl N Hgt'l 

Hgt’I "Hg(3 • dIgOH Hg(3 UgOH 

(,’hloru- DIchlero- Hy<lrox)rhloro- Trhbloro- H)(lrtixu|lcli]()ro» 

anildi*. amide. amide. amide. amide, 

H. VitUmet rejiorted that when etjuul parts of ammonium and iiv*rcuric chlorides 
arc dissolved in tap-water, there slowly forms a j>n'cipitate, which is at first white 
and has the composition N(Hg(’l)2, but on further standing gradually becomes 
yellow'. The production of this substance was traced to the presriue of acid 
carl)onat<*s in the wat<'r, and its formation was found to be inhibited by previously 
boiling the water, When the two salts arc dissolved in <listilled water t/o wfiii’fi 
sodium hydrogen carbonate or carbonati' has been added, the precipitate formed is 
w'hite and has the composition of u double salt with ammonium chloride, 
^(HgC^lljj.dNH^Cl. If. Vittenet represents the reactions by tlie erjuations : 
;iHgCl,. + 4NH4CI d- iNaliCO, - N(HgCI)3.3NH/;i -f 4 Na{ ’I f + 4 IJ^O ; and 
3HgCl2d;4NH4Cl+2Na2C03---N(HgCl)3.3NI^Cl f 4NaCl4-2('()2 The coin- 

])ourul N(HgCl)3.3NH4Cl gradually becomes yellow when washed with wat<*r ; 
the tiiial product is bright yellow, and has approximat<‘ly the composition reqiiir<‘d 

for mercuric dihydrozyhypochloroamide, NfJfg 0 ( 3 . Merouho hydroxy- * 

dichloroamidet N(HgCl)2.HgOH, is formed as an iiitermediak* product, 
2N(HgCI)3-l-02'-2N(HgCl)2Hg0(;i ; and NfHgOlfa f HgO-HCl-f HgOH.N(HgCl)2. 
The formation of these precipitates in soln. used in antiseptic baths leads to a diminu- 
tion of efficiency, and it is suggested that in preparing these, the water should first 
be boded or the ammonium chloride should be replaced by sodium chloride ; with 
cither of these precautions, no precipitation occurs. 
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§ 17. Hydroxylamine and Hydnudne Compounds pi Hercoiic Chloride 

L. I^riftnier ^ has prepared chlorides of barium, zinc, cadmium, cobalt, and 
manganese with hydroxylamine of crystallization of the general formula 
MCl2.(NH20H)2, but W. Feldt failed to obtain a mercuric salt analogous with the 
sulphates of manganese, cobalt, and nickel prepared in conjunction with R. Uhlen- 
huth. In an attempt to prepare compounds with hydroxylamine analogous with 
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the amminomercuriates, W. F. 0 . Drealer and'R. Stem {oimd that hydroxylamine 
reduced mercuric oxide to free mercury ; W. Tjcmou found that mercuric chloride 
wa« rapidly reduced ; but M. Adame prepared several com}>ound 8 of hydroxylamino 
with mercuric aalta by varying the temperature' and solvent. 

Freshly precipitated mercuroua chloride is very slightly soluble iu hydroxylamine 
hydrochloride, but no combination has been obst'rved ; when mercurous chloride 
is boiled with hydroxylamine and methyl alcohol m a flask ritt 4 Hl with a reflux 
condenses, the mercurous salt is slowdy it'duced ; the n'duction prm'oeda much 
more slowly m the cold. The presence of hydroxylamine hydrochloride raises 
the solubility of mercuric chloride in water or in alcohol, and white ciy^stals of 
mercuric hydroxylamine hy^ochloride, Hgd^fNHgOHl.lK'l. an* obtained by 
mixing a mol each of mercuric chloride and hydn»xylaiuine hydnuhloride in as 
little waU'f as j)088ible, and evaporating the soln. ovc'r c«h ium chloride. Tha 
salt is so very soluble in alcohol and m water that it is diflicult to purify ; it is less 
soluble in ether. A mixed soln. of mercuric chloride and hydroxylamine hydro* 
chloride in excess of the ])roportion 1 : 1 , when evaporaWd, furnishes crystals of the 
former salt, and if less than this proportion be used, hydroxylrtinine hydrochloride 
separates out. If other salts are formed they dissociate on cone, and cannot bo 
obtained in this way. The low solubility of hydroxylamine hydrochloride in ether 
is not favourable to the production of double salts with an ethereal soln of mercuric 
chloride ; and although the solubility of the hydrochloride is augmented if alcohol 
or ligroin be j)rescnt, no definite doubh* salt could be obtained. 

If free hydroxylamine Be prewmt, the case is ^lifferent, for whenever mercuric 
chloride is present in solii. w ith an excess of hydroxylamine and its hydrochloride, 
dimercuric decahydroxylamine hydrochloride, ^HgCl^.^fNIl^jOlI),^ HCI, is formed. 
Tills salt is the most easily prepari'd of the mercuric hydrujfylamine salts, and 
M. Adams indicates several modes of preparation* c.//. the action of an alcoholic 
soln. of hydroxylamine hydrochloride on freshly prepared mc'rcuric oxide suspended 
in alcohol at about — 10 " ; etc. The salt is soluble in water at ordinary temp., 
and is gradually reduced to mercurous chloride ; it is soluble in alcohol, ether, 
and hydrochloric acid. The presence of a trace of alkali hastt*ns the decomposition. 
— e.g. mercuric oxide at - 10 " slowly decomjiow's the salt. When aq. ammonia is 
added to the aq, soln. a white precipitat(* is formed which gradually blackens in 
the cold, rapidly when heat(*d. 

M. Adams prepared mercuric dihydroxylamine chloride, HgCl 2 (NH 20 H) 2 , 
by adding a cold alcoholic soln. of hydroxylamine, drop by (lroj>, with constant 
agitation, to a soln. of mercurn*. chloride in absolute alcohol cooled down to — 10 ", 
or by adding free hydroxylamine in a similar manner, to an alcoholic soln. of 
hydroxylamine hydrochloride with four times its weight of m(*rcuric chloride. 
White microscopic crystels soon separate out ; they are contaminati’d with mercurous 
chloride and combined hydroxylamine hydrochloride. The wooshed crystals are 
purified by dissolving them in absolute alcohol to which a trace of hydroxylamine 
hydrochloride has been added, and long white acicular crystals separate from the soln. 
The salt is fairly soluble in methyl or ethyl alcohol from which soln, it is preeijiitated 
by ether ; it is insoluble in ether. On standing in absolute* alexihol there is much 
reduction, the action is more rapid in warm soln. than in the cold. Th<* salt is 
readily soluble in an aq. soln. of hydroxylamine hydrochloride, and an aq. soln, of 
the salt is much mon* stable if a little hydrox}damine hydrochloride is present — 
presumably a double salt is formed. Sodium hydroxide rajiidly deromposes tha 
salt ; if ammonia be added to an alcoholic soln. or an aq. soln. mixed with hydroxyl- 
amine hydrochloridcfa white precipitate is formed which berx)ruc 8 block on standing 
in the cold, or immediately on warming. 

In the preceding preparation, if a raol of mercuric chloride with two^f hydroxyl- 
amine hydrochloride be employed, the resulting cijatals, when purified by recrysted- 
lization from methyl alcohol, have the composition mefOCirio t6^pdiydr<liyl>iwfm 
dibydroobioride, I^'l2(^H20H)2(NHsOH.HCl)2. If a mol each of mercuric and 
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bydroxYlBinme hydrochlorides be employed, crystals of mOTCOric tsiffthydrozyl- 
ainliM nydrocbJorid^ HgCyNHzOHl^HCl, arc formed. Both salts are soluble in 
methyl or ethyl alcohol ; they are unstable in aq. soln. ; and in the presence of alka- 
lies. The former salt appears to be the most stable of the mercuric hjdroxyJamine 
Balts, and it can be recrystallizei unchanged from methyl alcohol ; the latter salt 
is largely reduced under similar conditions, furnishing mercuric chloride and mercuric 
dihydroxy lam ine chloride, • 

T. (hirtius and F. Schrader * found that mercuric chloride is reduced by hydra- 
zine dihydrochloride, forming a yellow preci[)itate which soon turns grey, and 
cannot be isolated. Hydrazine dihydrochloride precipitates mercurous chloride 
from soln. of mercurous nitrate. K. A. Hofmann and E. C. Marburg prepared 
hydrazine derivatives of mercuric chloride which they believe to be analogous 
with the inercuri-ammonium compounds. When mercuric chloride and hydrazine 
hydrate an' brought together in soln. in alcohol and ether, mercuric hydrazine 
chloride, N2H4HgCl2, is precipitated ; it is moderately stable when dry, but unstable 
when moist, and decomjioses rapidly when heated, but does not explode. When 
this compound is shaken with water, or when sodium acetate is added to the mixed 
aq. soln. of hydrazine sulphak and mercuric chloride, an unstable yellow mercuric 
hydrazidochloride, N2H2Hg.2Cl2, is j>roduced which explodes when heated or struck, 
and ra[iidly decomposes when moist, nitrogen being (‘volved and mercur)' and 
calomel left. It is readily soluble in hydrochloric acid, but always leaves a small 
residue of calomel. Alkalies decompose it rapidly. These two compounds appear 
to bo strictly analogous to the fusible and infusible* white precipitates, 2NH3, 
HgCla, and NH2Hg('l. Lustrous talmlar crystals of mercuric hyirazine hydro- 
chloride, HgCl2.N2H4.HOl, were made by treating the hydrazidochloride with chlo- 
rine in the presi'iicc^of^carbon tetrachloride ; it is also formed from its components 
in the pn'simee of an excess of mercuric chloride. The m.p. is 157 "^. T. Curtins and 
F. Hchrader found that mercuric dihydrazine hydrochloride, HgCl2.2N2H4.HCl, 
is readily soluble, and may be recrystallizi'd from w'ater or alcohol. It forms 
well-developed six-sided prisma, which become opaque in the air, and melt at 178 '* 
without decomposing. 
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§ 18. Mercurous Bromide 

There are tw’o bromides of mercury — mercurous bromide, HgBr ; and mercuric 
bromide, HgBr2. A. J. Balard ^ found that mercury united with bromine at 
ordinary temp., and W. A. Shenstone showed that thoroughly dried bromine 
tmites with dry mercury. The product is mercurous bromide if the mercury be 
in excess, and mercuric bromide if the bromine be in excess. M. Berthelot showed 
that at ordinary temp, hydrogen bromide and hydrogen gases slowly react with 
mercury, forming mercurous bromide ; the action is faster if the temp, be raised, 
and, according to G. F. Bailey and G. J. Fowler, it is fasten than with hydrogen 
chloride. 

A. J. B%lttrd precipitated mercurous bromide by adding potassium bromide 
to a soln. of mercurous nitrate in dil. nitric acid (1 : 1 (X)), and, add H. Saha and 
K. N. Choudhuri^ the precipitate is first washed by decantation with light excluded, 
then washed on a filter, and dried over calcium chloride. R. Varet dried the 
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precipitate at 105^ 0. Henr)^ used other soluble bromides in place of the potassium 
salt. A. Stromau pn^pared the same salt by adding bromine, bromine water, or 
an alcoholic soln. of bromine to a soln. of mercurous nitrate. C. Ixiwig prepared 
mercurous bromide by sublimation from a mixture of a gram-atom of mercury, 
and a mol of mercuric bromide. According to A. Lotterrnoscr, tlio pn'paration 
and properties of colloidal mercurous bromide it'somble those for mercurous 
chloride. 

The salt prepared by A. J. Balard's process is a white powder n*8eud>Iing calomel ; 
that prepared by C. Lowig's process is a white fibrous mass ; I. (luareschi obtained 
the salt by sublimation in small colourless crystals ; and A. Stroman said that 
white tetragonal plates can Ih^ obtained by cooling a hot soln. of the salt in mercurous 
nitrate. C. J. B. Karsten found the sp. gr. to be 7 .H()7. D. Henry noted tliat the 
w^hite salt becomes yellow w hen heated, and the white colour is restonul on cooling ; 
the salt also melts— according to T. Oarnelley-— at about 40r)‘’, and, according to 
C. Lbwig, it volatilizes without decomposition at a red heat. A. Stroman noted 
that volatilization occurs at 34(r to 350'^. K. Jteckmann fouml tlu' lowering of the 
f.p. of mercuric bromide by tlie addition of mercurous bromide agreed with the for- 
mula lIg2Br2. K. Mitsiherlich’s value for tlie vajMiur density, air unity, is 10 14, the 
corresponding mol. wt. is near that required for HgBr, or, as in tlie analogous ease 
of mercuric chloride, with that reijuired for partial or coinjilete dissoeiation into 
HgBr2+Hg. J. Thomsen’s value * for the heat of hirmation from its elements 
is (2Hg, Br^), r)8‘2U Cals. ; M. Berthelot gives Hg,*„iid i Br»oiui llgBr^Hd 1-35 
Cals.; and K. Varet, 2ngti,,.-f Br^iiq.^ HgoBro^jid HO 1 (’uls. ; 2Hgii,,.4-Br2gM 
Hg2Br2aoiidf5C*4 Cals. J. Thomsen also gives (Hg20, 2llBr„„,)‘ 77 57 Cab.; 
and (2HgN03aq., 2KBraq )=:31'01 Cals. K. Varet gives HggO f 2HBrttq, 

- -HggBrggoUd'f H2O-f38-70 Cals. ; and HgBr2a„ud4 Hgiio,- Hli^Rriimtiid+^T) 
Cab. The free energy of formation at 18", calculated by Ai. de K. Thompson, b 
42'8 Cab., and the total enertry, 40 Cab. F. Braun obtaiin'd a transformation of 
41 to 40 per cent, of the thermal into electrical energy with gaseous or li(jiiid bromine. 
According to*M. Berthelot, the disphic'ement of the bromine by elilorine develops 
5'6 Cab. 

According to 0. Wolff ,3 the vapour of mercurous bromide has nn orange 
fluorescence in ultra-violet light ; and, according to J. A. Wilkinson, the vapour b 
luminescent. A. Stroman found mereurous bromide U) be far less sensitive to 
light than mercurous iodide. C. Fritseh has measured the conductivity of jiressed 
plates of mercurous bromide. According to H. M. Goodwin, tlie electromotive 
force of the cell Hg | Hg.Br.., ,VV'KBr | ,VV*KC1, Hg2(’l 1 Hg is 0 1.338 volt at 
17" ; according to 8. Bygarsky, for Hg | Hg2Br2, j',7,A'KBr | A-KNOg | 
j,',niV-KCl, Hg2Cl2 1 Hg the e.m.f. b €~0 214y volt at •43 3" ; O' 1285 
volt at 18"; and 0*1311 at 0"; and d€jd6--iHW\H. The calculated 
free energy* b 297 cals., the bound energy 904 cab., and the total energy 
3935 cab. — the observed heat of the reaction is 4010 cab. For Hg j Hg2Br2, 
y^A-KBr I A-KC2H3O2 I iV-KCgHsOi, Hg2(C2H302)2 I Hg the e m.f. is €=..0'2474 
volt at 18‘5" ; and 0'2667 volt at 0", and d€jd6 ^- —OWlOi. The calnibted free 
energy b 5717 cab., the bound energy 6906 cab., the total energy 12,020 cab. - the 
observed heat of the reaction is 12(K) cab. According te U. Behrcnd, u soln. of 
mercurous bromide in j^A-KBr contains a milligram of Hg-ions per I'lOO litres. 
On the inexact assumption that the whole of the dissolved mercury is prewmt as 
Hg '-ions, R. Abegg calculated from the measurements of C. Immerwahr and 
F. Jander, that soln. of mercurous bromide in potassium bromide of cone. N contain 
complexes of cone. C, and the ratios of the cone, of the complex to the fr(‘e ions b K : 


N . 

. 10 

16 

20 

30 

r . 

. 0*00805 

0-0176 

00343 

0-(g83 

K . 

. 0 00806 

00119 

0 0172 

00268 


Mercurous bromide b odourless and tasteless. It was formerly considered to 
be insoluble in water, but more refined measurements have shown M. 8. Sherrill * 
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tluit a litre of water dkaolvefl 7x10^ gnn. per litre; G. Bodl&nder, 9*lXlO~7; 
M.deK. Thompson, d-iXlO^; and L. 3x10^. As in the analogous case of 
mercurous chloride, mercurous bromide is slowly converted by water into mercurit* 
bromide. According to R. Abegg, the cone, of the mercuric chloride in a sat. soln. of 
mercurous chloride is 2 4 X 10~® tools per litre. A. Mailfert said that ozone converts 
mercurous bromide into mercuric bromide and oiybromide. According to T. Fischer 
and H. von Wartenberg, if a mixture of mercuric oxide, mercurous bromide, and water 
be heated in a sealed tube for 48 hrs. at 180°, and the unchanged mercuric oxide 
and mercurous bromide be removed by levigation, dark red rhombic plates of 
mercurous oxybromide are formed, HgO.HgBr, and they behave towards alkalies 
and acids like a mixture of the two components. According to I. Guareschi, when 
a dry mixture of iodine and mercurous bromide is heated bromine and mercuric 
iodide are formed ; but with the gradual addition of iodine to mercurous bromide, 
mercuric brorao-iodide is formed. According to A. Stroman, dil. or hot fuming 
hydrochloric acid blackonn mercurous bromide owing to the separation of mercury, 
mercuric chloride passes into soln. According to L. Mailbe, .the action of alkali 
chloridoH on mercurous bromide resembicfi their effect on mercurous chloride. 
A. Ditte noted that mercurous bromide is decomposed by a cone. soln. of potassium 
cyanide or potassium iodide, forming a double salt and mercury. C. Ldwig found 
that a boiling soln. of ammonium chloride or bromide decomposes mercurous 
bromide, forming the mercuric salt and mercury, but a cold soln. of ammonium 
chloride was reported by G. C. Wittstein to have no perceptible action. G. C. Witt- 
stein also found that a cold soln. of ammonium carbonate or succinatt' has no 
appreciable action, while a hot soln. easily dissolves mercurous bromides leaving 
behind a grey powder which is presumably metallic mercury ; the same observer 
foutid that mercurous bromide is not perceptibly soluble in cold or boiling soln. 
of ammonium sulphrfte or nitratt*. A. Stroman found that fuming nitric acid of 
sp. gr. 1*42 dissolves mercurous bromide after a prolonge<l heating ; and it is 
completely dissolved by hot cone, sulphuric acid with the evolution of sulphur 
dioxide. Alkali hydroxides'^were found by (J. Ldwig to yield potassium bromide 
and merourdua oxide. The action of hydrocyanic acid on mercurous bromide, 
says E. EsLive, resembles its action on mercurous chloride. J. Guareschi observed 
no evolution of bromine wh«*n mercurous bromide is heated with 2r> tx> 50 per cent, 
soln. of chrondc acid. A. Naumann found mercurous bromide to be insoluble in 
benzonitrile. (.\ Ldwig found that when mercurous bromide is heat<*d with }>ho8- 
phorus, mercurous bromide is converted into phosphorous bromide, and mercury 
phosphide. According to 0. F. Rammelsberg, when mercurous bromide is treated 
with cold aqua ammonia, and washed with water containing ammonia, it leaves 
a ^ grey powdei which contains globules of metallic mercury, and when heated 
yields a sublimate of mercury and of mercurous and mercuric bromides. According 
to A. Stroman, some ammonium bromide is formed at the same time, and, accord- 
ing to H. Saha and K. N. Choudhuri, the black residue is a mixture of finely 
divided mercury and of Hg0.NH2HgBr.2H20"“dihydrated mercuric oxybromide. 

J. G. F. Druce formulaUxl the reaction 2NH40H4-lIg2Br2— Nll2HgBrd-Hg 
+NH4Br+2H20. 
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§ 19. Hercurio Bromide 

This coinj)ouii(l was fonnod by A. J. Balard in 1821), by tbo action of an exCeaa 
of bromine on mercury. C. W. Eaal(‘y and B. F. Braun ^ conduct'd the process 
by passing a stream of purified dry nitrogen through an aj)paratu8 n‘8einbling that 
depicti'd in Fig. 22, after purilied inereury has been introduced into the bulb by 



Fio. 22. — I'ho Preparation of AlercuiK* Bromido'- €. W. Easley »4nd M. F. Bramj. 

means of a funnel through the tubular T. Whan the air was ex])elk‘d, the nitro- 
gen was jmssed through liquid hroiuine before it enU‘red the ajiparatua. The 
bulb was heat<*d to .‘iW, the mercury in the bulb was converted into the bromide 
and sublimed into the receiver R, which was kept at a temp, of 235^". Nitrogeh 
alone was passed through the apparatus during the subliinutiun, The heating was 
done by means of air ovens with aslx'stos walls. Beautiful needle-like crystals of 
mercuric bromide collected in the receiver. 

C. Lowig, L. Larine, and W. Ibdnders prepared this same compound by the 
action of an excess of hot bromine water on mercury ; T. Iljortdahl used alcohol in 
plac e of water, and J. Sclirdder used pyridine. Bromine was added so long as tho 
sujiernatant liquor was decolorized, the excess of bromine was bojed off, and Jhe 
filtered liquid evaporated for crystallization. W, L. Hardin sublimed the thoroughly 
dried crystAls from a porcelain crucible into a glass tube. 

C. Ldwig made the same salt by the action of hot hydrobromic acid on mercuric 
oxide ; and by sublimation from a mixture of mercuric sulphate and potassium 
bromide—O. Henr)' says the product always contains some mercurous bromide. 
C, Lowig also evaporated a mixed soln. of mercuric nitrate and jiotassium bromide 
so long as mercuric bromide crystallized out and purified the jiroduct by soln. in 
alcohol ; and W, Sievers agitated an excess of bromine with a soln. of mercuric 
nitrate of sp. gr. M97 : Hg(N08).2+2Br24-2H20~HgBr24-2H0Br-|-2HN03; the 
product was di^lved in a hot soln. of mercuric nitrate of the same sp. gr., the soln. 
was cooled, and the crystals washed first with water acidified with nitric acid, then 
with water, and fina^y dried. K. Wagner made this salt by the action of brominie 
water or of a soln. of bromine in hydrochloric acid on mercuric sulphide. A. Lottet- 
moser prepared colloidal mercuric bromide like he prepared coUoijfal mercuric 
chloride. 

The FTopertief of mttcaxic bromido.— The cryitoli of mercurio bromide 
obtained from aq. soln. are lustrous white plates ; and from alcdholic soln. white 
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needles. According to W. J. Luczizky,*the rhombic bipyramidal ciystala have the 
Axial ratios a :6: 0^0 6826 : 1 : 17963 ; these crystals are not isomorpbous with 
those of mercuric chloride, and therefore a second rhombic modification isomorphom 
with mercuric chloride is assumed to exist. This was confirmed by W. J. Luezizky, 
who obtained from alcoholic ‘solo, the rhombic form of mercuric bromide. 
The ordinary form of mercuric bromide is i8omor|)hous with the yellow form of 
mercuric iodide which is stable at the higher temp. Isomorphous mixtures of these 
two salts are readily formed, and the combination Hgl 2 .HgBr 2 , or HgIBr, is particu- 
larly stable, and was assumed by A. Oppenheim to be a compound. J. S. van Nest, 
therefore, assumed that mercuric bromide is trimorphous, and that the third modi- 
fication is isomorphous with the low temp, tetragonal form of mercuric iodide — 
vide Fig. 25 and the bromochlorides — but W. Reinders could not find any sign of a 
transition point at temp, down to — 83‘5“. 

Numbers ranging from F. W. Clarke’s 3 5-7379 (18°) to C. J. B. Karsten’s 5*9202 
have been published for the specific gravity of mercuric bromide. The mean of 
three dekrminationa by J. S. van Nest is 6*064 +0 05 (20°), and W. Ortloff’s value 
for tbe molecular volume is 62-69 ; W. Biltz gave 59 4 assuming the sp. gr. to be 
6 064. According to K. Beck, the sp. gr. of the nmlten salt (water at 18° unity) is 
5*26 at 240°, 5 24 at 258°, and for d° between 240° and 340° E. B. R. Prideaux gives 
for the sp. gr. 5116-4)OO338(0-24O). According to E. B. R. Prideaux, 100 
vols. of the elements mercury and bromine, llg-f Br 2 , on combination at 760 mm. 
b('come 107-4 vols. ; and the sp. gr. at 200 mm. press. 5 037 falls to 4-840 at 860 mm., 
and to 4 82 1 at 860 mm. 0. Qrotrian found the sp. gr.»of soln. with 0’223 per cent, 
of the salt is 1 0007 (17 99°), and 1*0001 (20-87°), and for 0*422 per cent. soln. 
1-0025 (18-19°) and 10020 (20-40°). The viscosities of the molten salt were found 
by K. Beck to be 3^698 (240°), 3-321 (2*47°), and 2-208 (258°), when water at 25° is 
unity. ^ 

The reported numbers for the melting point vary from th(‘ 222° of J. S. van 
Nest * th(! 222°-223° of A. Oppenheim and to the 244° of T. Carnelley. F. M. G. John- 
son found a break in the vap. press, curve corresponding with the m.p. 236°, which 
niay also be regarded as the best representative value of di'terminations by E. Beck- 
mann, W. Reinders, K. Beck, P. Niggli, and C. Sandonnini. F. M. G. Johnson gives 
318° (760 mm.) for the boiling point ; T. Carnelley and W. Ilampe give 319° ; 
and F. Freyer and V. Meyer, 335°. As with mercuric chloride, E. Esteve noted 
that some salt is lost by volatilization during the evaporation of an aq. soln. 
on a water-bath and drying at 1(K)°. A. J. Balard, and 0. Lowig noted tliat 
mercuric bromide melts and is volatile, and W. Sievers added that it does not 
simultaneously decompose. H. Arctowsky found it to be volatile even at ordinary 
te»p., and that after five hours' heating it lost 0 0101 grm. at 79-5° ; 0 0182 grm, 
at 105° ; and 0 0732 gnu. at 126-5°. 0. Side found the finely powdered salt lost 
4-1 per cent, in weight at 101-5°. The vapour pressure of mercuric ‘bromide, p 
mm. of mercury, has been measured by F. M. G. Johnson, E. B. R. Prideaux : 

lfl2" 20ft* 229’ 233" 238" 247" 255" 290° 318-5° 

p . . 3 20 73 88 106 136 174 413 764 

There is a break at the m.p., 236°, and at the b.p. E. Wiedemann, K. Stelzner, 
and G. Niederschulte give 0 045 mm. at 90° ; 018 mm. at 110° ; 0 72 mm. at 
130° ; and 2-30 mm. at 150°. The heat o! vaporization calculated by Clausius’ 
formula is 14*24 cals., between 760 mm. and 800 mm. Trouton’s constant is 
P/r=24-13; and W. Ramsay and S. Young’s ratio TilTg~V0i3 (750 to 450 
mm.). E. Beckmann gave for the latent heat of fusion, 13 9 Cals, per gram. 
The critical temperate was found by L. Rotinjanz and ,W. Suchodsky to be 
1011° K. in agreement with the value 1013° K. calculated from T. E. Thorpe and 
A. W. Ruck'^r’s formula. C. M, Guldberg’s ratio TJT,==0'6S7, where T, denotes 
the b.p. and T, the critical temp, in absolute degrees. H. Ra^w gave 738° for 
the critical ten^. M. Prud’homme, and E. van Aubel studied the relation 
between the critical temp., the b.p., and the m.p. According to E. Mitscherlich, 
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the Vttponr dAOSity ia 1216 unity) or 351 (Hs=2), when the theoretieal value 
for HgBrg ie 350. V. Borelli found the mol. wt. calculate4 from the lowering 
of the f.p. of water is 370, corresponding with UgBr^ (36t)) ; M. Hamers, from the 
raising of the b.p, of soln. in ethyl acetate, found 346*7 ; H. Steiner, in methyl 
acetate, 293*4 to 343*4-~re,pn»8enting a possible ioniration of 12*6 per cent, or a 
possible reaction with the solvent ; A. Werner and M. Stephani, in ethyl sulphide, 
352 ; and J. Schroder, in pyridine, 418. P. Walden and M. Centnersswer said 
that the calculated mol. wt. in dil. pyridine soln. is normal and incrt'asea with 
increasing cone. E. Beckmann found mertmrous bromide has a mol. wt. agreeing 
with Hg 2 Brg in fused mercuric bromide. F. Olivari im'asun'tl the eryoseopie con- 
stants of mercuric bromide. 

R. Varet^ estimates the he&t ol formation of mercuric bromide from the liquid 
elements to be 40*0 to 40*7 Cals., and from liquid men ury and gaseous bromine, 47*9 
Cals. ; J. Thomsen give.s r)()‘5r) Cals, (bromine litjuid) ; and W. Neriist, 4(>'f) Cals. 
The free energy of formation from the ions is 23*52 euls., according to M. 8. Sherrill ; 
and M. de K. Thonqison gave --37,. *100 cals. M. Berthelot gives (llglir, Br,i„na), 
17*G Cals. ; and for ^he action of hot aq. hydrobroinic acid on HgO, 20*4 C^als. ; 
23*0 Cals. in'Boln. ; and for a soln. of one eq. of HgHr in 40 litres at 12", 2HBr f HgO 
(precipitated), 27*4 Cals, for HgBr dissolved, and 8 Cals, for crystalline HgBrj. 
M. Berthelot gives for the heat of soln. —3*4 Cals. 

J. A. Wilkinson® said that the vapour of mercuric bromide has an orange 
fluorescence. B. 0. Peirce ^ found the emission spectrum of mereurie bromide 
gave a band with a mid-jxpnt near .5000. C. Sheard and C. 8. Morns found a 
continuous spectral band with mercuric bromide between rHJTf) and 1912. Tim 
magnetic susceptibility was found by 8. Meyer to be 0 24 x 10 ® units of mass, ami 
0*15x10“® units of vol. C. Fritsch » measured the electrical conductivity of a 
presst'd plate, W. flampo says that melted mercuric bremide conducts better 
than mercuric chloride under similar conditions ; the decomposition is not ajijiarent. 
but there is a feeble polarization current. The sp. eleetriital conductivity in stiln. 
of molten aluminium bromide at rises from O'tBxlO”^ with 1*38 jier cent, 
soln. to 0*88 Xl0“® with 5*52 per cent, soln.; 41*89x10“^ with 8*14 per cent, 
soln. ; and to 979*9 X lO""' with 27*15 per cent. soln. 

0. Grotrian measured the sp. electrical conductivities and found that aq. soln. 
with 0*223 per cent, of mercuric bromide at 18*09 ' and.25*92" had the* rc'sjicctive 
sp. conductivities 0 15x10“® and 0*19x10" ® ; and a 0*422 percent, soln. at 1801“ 
and 25*94“, the respective sp. conductivities 0 24 X 10”® and 0*30 X lO' ®, II, Ley and 
H. Kissel found the mol. conductivity of a soln. with a mol of the salt in 128 litres of 
water to be 1*3, and they add that the only compounds of bivalent mercury which 
show a tendency to ionization arc those in which the metal is dircc^y united wi^h 
oxygen — thus, the mol. conductivities of the chloride and bromide arc low, while the 
conduct! vitji of the cyanide is even lower. According to H. N. Morse, the ionization 
constants are: [Hg* J[Br' j— 0*4 xBT^HgBrl ; [HgBr*XBr']=5*()XlO'“»[HgBr2j ; 
[Hg**](Br'J*=2*0xl0“i8(HgBr2J; and [Ug * |HgBr 2 j-4)*U8tHgBrJ*. M. 8. Slier- 
rill gives for the complexes [HgBr 4 "J— 4*3xlO''‘’{lIg *][Br'J* ; and lIlgBr/'J 
~2*8xlO^HgBr2][Br'J2 ; and for the cone, of lIgBr 2 , 1*7 XlO“* ; [HgBr* j, and 
[Br'], 0*9X10“®; for[Hg •],0 9xlU-«; and for [HglV], 2*8x10-®. If.N.Morso 
measured the tnmsport numbers. Accxirding to W. Matthies, the glow discharge 
in the vapour has a stronger cathod<'. fall than with the vapour of mercuric chloride. 

J. L. Lassaignc® found the solubility of mercuric bromide to be 1*05 per cent, 
at 9°, and 16*7 to 25 per cent, in boiling water. L. Larinc give s the solubility as 
about 0*8 per cent, at ordinary temp., and 8 to 9 per cimt. at 1(J0". W. Herz and 
W. Paul say that at water dissolves 0*017 mol per litre—a similar result was 
obtained by F. Jander, M. 8. Sherrill, and 11. Abegg. According to H. N. Morse, at 
ordinary temp, a litre of water dissolves about 4 grins, of the salt, and, according 
to H. Gaudechon, 5 to 6 grms. A. Vicario said that if a hot soln. be cooled, more 
mercury will be present than if prepared cold, because boiling wdter decomposes 
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meicttric bromide into bydrobromie tcid and a yelfow oaybromide, and m^un'o 
bromide ie more 8olu|)le in a dil. soin. of bydrobromie acid than in water. C. Lowig 
also noted the increased solubility of the salt in hydrochloric or hydnodic acid ; 
F. Jandor made a similar observation with respect to soln. of sodium or jmtassium 
bromide— if S denotes the solubility of mercuric bromide in water, at 25®, and Sq 
the solubility in soln. of alkali chloride containing C mols per litre : 

r; . . 01 a 0*5 1*0 2*0 3*0 4*0 

N-.Vo(KCI) . 0071 0*342 0*691 1*390 2*079 2*322 

.V-,SB{NaC’l) . 0*0697 0*398 0*798 — 1*864 — 

It is assumed that the complexes KHgBrs and NaHgBrs are respectively formed 
— q.v. R. Abegg calculated the equilibrium constants for soln. of these complexes. ' 
M. y. Sherrill found that additions of from a half to one mol of potassium bromide 
raised the f.p. of soln. of mercuric bromide up to a maximum, and the further 
additions had very little effect on the f.p. of the soln. up to saturation. These 
phenomena are taken to mean that anionic complexes HgBr 4 ' are at first formed, 
and this is later followed by the addition of more bromide to form a higher complex 
Hg 2 Brfl". R. Varet further added that the heat of combinatiem of merqiiric bromide 
with the bromides of other metals is approximately of the same order of magnitude 
for the same series of double salts. W. Herz and W. Paul obtained confirmatory 
results with soln. of bromine in mercuric bromide. 

A. J. llalard found moreurio bromide is readdy soluble in alcoJwl, but not so easily 
soluble as in ether. VV. Ueindors found this salt to be more soluble than the corresponding 
iodide ; at 0'^, alcohol dissolves 1 3 *06 to 1 3 *33 per cent, of merdUrio bromide ; 16 -53 per cent, at 
26'’ ; and 22 *63 per cent, at 60“ ,* and according to \V. Hampe, 9 *68 gnns. of the salt in 100 c.o. 
of alcohol at ordinary temp., and 12*62 grms. at the b.p. VV. Hompo also measured the 
electrical conductivity of alcoholic and ethereal soln. W. Herz and O. Anders measured 
the solubility of mercuric bromide in mixtures of methyl or ethyl alcohol and water at 26“, 
and foimd the solubilitj^to increase with increasing proportions of alcohol. VV’. Herz and 
F. Kuhn measured the solubilities, sp. gr., and viscosities of mercuric bromide in mixtures 
of methyl and ethyl alcohols ; methyl and jrrojryl alcohols ; and in mixtures of ethyl 
and propyl alcohols. Al. Dukolsky, also, measured the solubility in mixtures of ethyl 
alcohol and benzene. A. J. Balard noted that mercuric broinido is very soluble in ether, 
and W. Hampe gave the solubility as 0*567 grm. of HgBr, in a cold soln. of dry ether, 
and 3-2 grins, in a hot soln. W. Hoindors noted that mercuric bromide is more soluble 
than the iodide in acetone- 34*68 per cent, at 26“. J. SchrOder, H. Steiner, F, Bezold, 
and A. Naumami found mercuric bromide to be soluble in methyl aceiate — at 18°, 100 
grms. of methyl acetate didliolvo 21*93 grins, of mercuric bromide ; and 24 grms. of the 
salt in 100 c.c. of the boiling liquid. A. Naumonn and M. Hamers measunxl the solubility 
of mercuric bromide in ethyl acetate, and found at 18°, 100 grms. of ethyl acetate dissolve 
13 06 gnus, of mercuric bromide ; and W. Herz and G. Anders measured the solubility in 
mixtures of ethyl acetate and water. W. Hoindors found mercuric bromide to be more 
soluble than the iodide in diethyl oxalate. J. H. Mathews found mercuric bromide to be 
Bulviblo in allylermistard oil and he measured the electrical conductivity of the soln. ; 
A. Werner, in ethyl sulphide ; L. Mawiarelli and M. Ascoli, in nitrobenzene, nitrotoluene, 
p-nitroanisole, and in a'nitronaphthalene. O. Sulo found that between 18°«and 20° 100 
grms. of chloroform dissolved 0*126 grm. of mercuric bromide ; of car6on tetrachloride, 
0-003 grm. ; of bromofonn, 0*679 grm. ; of ethyl bromide, 2-31 gnns. ; of ethylene dihromide, 
2*34 grms. C. Mohn noted the solubility of mercuric bromide in benzene, and M. 8. Sher- 
rill found a litre of benzene dissolved 0 0194 mol of the salt ; M. Dukelsky, as indicat^ 
above, measured Uio solubility in mixtures of ethyl alcohol and benzene. M. 8. Sherrill 
also moasuriKl the partition coeff. of the salt between water or potassium bromide soln. and 
benzene free from thiophene. H, N. Morse measured the partition coeff. between toluene and 
water, and between water and ^\,A'-Hg(NO,), J. Schroder and A. Naumann measured the 
solubility in pyridine. A. Naumann and F. Becker found it is soluble in benzonitrile. 
H. Arotowsky foimd tliat, at -10°, carbon disulphide dissolves 0*049 per cent, of mercuric 
bromide ; at 0°, 0*087 per cent ; at 10°, 0*122 per cent. ; at 20°, 0*187 per cent. ; and 
at 30°, 0*274 per cent. 

For the solubility in soln. of the bromides of the alkalies and alkaline earths, 
vide infra. H. N. Morse found a litre of -mercuric nilraU dissolves 20 gnns. of 
mercuric bromide. W. A. Isbekofi measured the solubility in soln. of aluminium 
bromide. P. Niggli measured the solubility of mercuric bromide in liquid sulphur 
dioxide, and fotmd at 159*4®, a 1*5 per cent, solubility. W. Hers and W. Paul 
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found the solubility of merco/ic bromide in bromiW wUer incxensed with inoretsing 
amounts of bromine, and they found indications of the formation of morooite 
periiiomide. HgBr4. 

M. Berthelot exposed moist and also dry purified mercuric bromide to sunlight 
in a sealed tube, without noticing any de4)omi>o«itiou, and ho added that the decom- 
position which is obst'rved with some pharmaceutical prt'paratious is produced by 
the Olganio mgtter which is present. C. Lowig found that aq. soln., when exposed 
to sunlight, depositi'd mercurous bromide. W. Ri'inders observed that some 
decomjKisitiou occurred during the drying of the salt between Tl)*^ and 8()“, for a 
specimen became grey, while a sample crystallized from alcohol showed a similar 
change at 60 *^. Acconling to M. Kohn and A. Ostersetzer. the mercuric halides 
are reduced by hydrogen perolide in alkaline soln. or by sodium j>eroxide, with 
the ]>recipitation of mert ury. 

M. Berthelot found that chlorine displaced hnnniiie from the dry salt with the 
evolution of Ti'i Cals., and in soln., 0 0 Cals., while F. Grump observed no action 
with iodine with or without water ; M. (’. Schuyten said that in the pn'senco of 
an excess of salt, thi' halogen in mercuric chloride, bromide, or iodide can be replaced 
by the other halogens except in the action of iodine on mercuric Imnnide, which 
displaces no bromine. C. F. Kammelsberg not^*d that sodium hypochlorite gave a 
precipitate of mercuric oxychloride with soln. of mercuric bromide ; and, according 
to A. J. Balard, with hjni^ochlorous acid, chlorine and bromine are evolved, and 
mercuric chloride and bromatc are formed. 

A. J. Balard said that >^hen mercuric bromide is heaUul with cone. SUlphUTiO 
add, bromine is evolved ; uhile H. llosii said this is not the case. G. Viard found 
the addition of an excess of sulphuric acid to a soln. of the salt , |irceij)i(at<*d mercuric 
bromide. The behaviour of hydrogen sulphide on au aij. soln. resembles its action 
on an aq. soln. of the chloride ; with soln. of the brond le In methyl acetate, 
F. Bezold and A. Naumann obtained a white iirecipitate of HgBr2.2lfg8, which is 
blackeiiod by light ; ammonium sulphide in the same soln. gives mercuric' sulphide ; 
M. Hamers and A. Naumann also obtained a white pre('i])itate of JlgBrg, 2HgS 
with hydrogen siiljihidc! in ethyl acetate soln. ; and in pyridine soln., J. Schroder 
found red mercuric sulphide t-o be j»recij»itaU‘d. According to G. Franceschi, 
when a fewdrojis of jiure alcoholic soln. of hydrogen sulphide are added t/o an alcoholic 
soln. of mercuric bromide free* from the mercurous salt, a white turliidity is produced, 
and afterwards mercurous bromide is precipitated — presumably : 2HgBr2“[*H2S 
=S-f 2HBr+2HgBr ; if a larger (piantity of tlie hydrogen sulphidi* soln. is used, 
but not an excess, a canary-yellow precipitate of 2HgS,HgHr, i.e. Ifg(HHgBr)j[, 
is formed, presumably : HoS j- 0 HgBr-|- 38 -- 2 HBr-|- 2 (HgBr 2 . 2 lig 8 ) ; while if the 
hydrogen sulphide solu. be in excess, a black preci}dtat<‘ of men qric sulphidc^is 
produced — presumably : II2S f 2HgS.HgBr2--3HgS-|-2HBr. 

A. J. Balard said that when mercuric bromide is heat<*d with nitric goid, it 
gives of! the vapour of bromine. The action of ammonia is indicated in a later 
section. K. A. Hofmann and E. C. Marburg prepared a comj)ound with hydrazine, 
(HgBr)2N2H4, analogous with the corresponding compound with mercuric chloride. 
They also prepared mercoric hydrazine bromide, HgBr2.N2H4, also analogous with 
the chlorine compound. A. Ferratini prepared white prismatic crystals of ^drazine 
tribromomercoriate, 2N2H4.HBr.ligBr2.H2O, by mixing soln. of hydrazine hydro- 
bromide and mercuric bromide in mol. proportions, and evaporating in vacuo. 
The crystals melt at about 73'", and decompose over 130 "' ; they an* sparingly 
soluble in water, and acetic ether ; soluble in alcohol and acetone ; and inibluble 
in ether. M. Adams was not able to make a compound with hydroxy lamine 
analogous with HgCl2^NH20H ; but he made white quadratic plates of hydroiyl- 
amine tribromomercoriate, 2NH20H.HBr.HgBr2. by mixing soln. of thc^component 
salts in methyl alcohol. The aq. and alcoholic wdn. slowly decomposer, forming 
mercurous bromide ; the decomposition is rapid in alkaline soln. C. Ldwig founa 
that mercuric bromide and ptuMVhonui give phosphorous bromidi^ ; and lilcewise 
VOL. IV. 3 L 
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when heated with antimony or mercuric brc^ide gives up its broiniiie to 

the metal. P. Lemoijlt observed that phosphine is copiously absorbed by soln. of 
mercuric bromide ; and H, Rose said that a yellow precipitate is formed as in the 
case of mercuric chloride ; the precipitate becomes black when boiled for a long 
time with water. H. Arctowsky noted that caldum carbonate (marble) gives 
similar results with soln. of mercuric bromide as with the chloride, and an oxy- 
bromide is formed. M. G. Kutscherol! obtained aldehyde by heating mercuric 
bromide with acetylene and water in a sealed tube. T. Harth noted that with 
two mols of potassium cyanide per mol of mercuric bromide, mercuric cyanide 
and potassium bromide are quantitatively formed, but with two mols of potas- 
sium bromide to one of mercuric cyanide no change was observed. H. Grossmanu 
observed that with potassium thiocyanate mercuric bromide behaves in an analogous 
manner to the chloride. C. Ldwig noted that a soln. of mercuric bromide is 
reduced to mercurous bromide when treated with mercury, copper, or a soln. of 
cuprous bromide in hydrobromic acid. Potassium hydroxide or sodium hydroxide 
was found by W. Sievers to colour mercuric bromide orange-yellow, forming mercuric 
oxide ; while with a soln. of mercuric bromide, a brownish-hlack precipitate of a 
basic salt is formed if the alkali-lye be not in excess, but if it be in excess, mercuric 
oxide is formed. W. Herz has investigated the equilibrium conditions in this 
reaction. 

As previously indicak'd, E. Beckmann, W. C. Luezizky, and J. S. van Nest 
have shown that mercuric chloride and bromide probably form a continuous series 
of mixed crystals ; but since the crystals obtained from;i sob. of two salts in alcohol 
have the crystal-form of neither the chloride nor the bromide— the axial 
ratios being a : 6 : c— (VOdbO : 1 : POSOB, sp. gr. 5*918, and m.p. 213^"— J. S. van 
Nest suggested that possibly a double salt, trimercuric tetrabromodichloride, 
HgClj,.2HgBr2, eaif (‘.^st. M. Berthelot gave — 6*4 Cals, for the heat of soln. of 
HgCl 2 -f HgBr^, and he added that the heat of combination is virtually nil. 

H. Edhem-Bey 8j)ontaneoualy evaporated a soln. of mercuric chloroamide, 
NH 2 HgCI, in a very dil. alcoholic soln. of bromine, and obtamed plate-like crystals 
of mercuric ammonium dibromochloride, NIl 4 Cl.HgBr 2 . J. M. Tliomson and 
W. F. Bloxam examined a sat. soln. of mercuric bromide and ammonium chloride 
with respect to crystallization when seeded with mercuric bromide or ammonium 
bromide — the former was active, the latter inactive. They assumed that the soln. con- 
tained trihydrated ammonium mercuric dibromotrichloride, HgBr2.3NH4Cl.3lLO. 
F. C. Ray olitained ammonium dimercuric bromotetrachloride, NH4Br.2HgCl2, 
by concentrating soln. of dimercuriammonium bromide, NHg 2 Br, in hydrochloric 
acid. V. Borelli prepared mercuric perchloratobromide, Bi.Ug.ClO^-^'ide the 
cqfrespoudmg jodide— in bundles or in mammillary masses of short white prisms. 
A soln. of mercuric bromide in one of the perchlorate depresses the f.p., and raises 
the b.p. It is inferred that mercuric bromide enters these soln. in Ahe form of 
HgBr*-ion8, and to a slight extent as Hg 2 Br 2 **-ions. The presence of complex ions 
is shown by the variations in the cone, of the mercuric bromide at the electrodes 
durmg electrolysis. 
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§ 20. Blercuric Oxybromides—Basic Mercuric .Bromides 

The remarks made about the mercuric oxychlorides apply also to the 
oxy bromides. Many compounds have been reported, but many are probably 
not chemical individuals. Representing the ratio HgBr : HgO in that order, the 
compounds 1 : 1, 1 : 2, 1 : 3, 1:3^, and 1 : 4 have been reported ; und, of these, 
T. Fischer and H. von Wartenberg ^ believe that ouiy the first two do not exist. 
In A. J. Balard’s method of preparing hypobromous acid by the action of aq. 
bromine on mercuric oxide, it is often stated that the 1 : 1 o.xybromide—dimercuric 
OXybromide, HgBr^.HgO, or Hg.^OBr2— is formed, but T. Fischer and H. von 
Wartenberg say tfiat’ihis is only an a88umj)tion, and that the product is really an 
oxybromaU;, Hg().Hg(Br03)2. G. Andre, how'cvor, claimed to have obtained 
grey crystals of this compound by heating a mixture of the two constituents in the 
required pro])ortion8 in a sealed tube to 3(X)" ; and he says the heat of the reaction 
(HgBrjj, ilgO) is 3’32 Cals. K. Thiimmel also reported the formation of red 
quadratic plates of the 1 : 2 oxybromide— trimercuric dioxybromide, HgBr2.2HgO, 
or Hg302Br2— by treating undried yellow mercuric oxide with a lukewarm solu. 
of mercuric bromide ; and also by boiling a 1 : 50 soln. of mercuric bromide, 
50 parts, with one part of sodium carbonate, and then digesting the product 12 hrs. 
at 35“ to 40°. G. Andre made it by a process analogous to that used for HgBr2.HgO, 
and he says that the heat of formation (HgBro, 2HgO) is 4'4 Cals. 

A cifron-ycWou; crystalline powder of tetramercuric trioxybromide, IlgBr^-SHgO, 
Of H^OgBra, was prepared by C. Lowig, and by T. Fischer and II. von Wartenberg, 
by adding insufficient potassium hydroxide to mercuric bromide to precipitate all 
the mercury, and subsequently boiling the mixture ; G. Andr6 made it by melting 
together eq. quantities of the component salts; and K. Thiimmel, by treating 
freshly pecipitated mercuric oxide with a lukewarm sat. soln. of mercuric bromide ; 
0 . Ldwig obtained it in a similar manner. C. F. Rammelsberg made a durk brown 
form of the same salt by precipitation from an aq. soln. of mercuric bromide by the 
addition of sodium carbonat<>!. T. Fischer and H. von Wartenberg made it by adding 
to a ’cold alcoholic soln. of mercuric bromide insufficient alcoholic potash for 
complete precipitation, and washing the precipitate with alcohol. When heated, 
K. Thiimmel found HgBrg.SHgO first formed HgBr2.4HgO, then HgBr^ and HgO ; 
and 0, Ldwig found that at a gentle heat it is resolved into oxygen, a sublimate 
of mercuric and mercurous bromides, and a residue of mercuric oxide. C. Ldwig 
said that this oxybromide is insoluble in cold water, sparingly soluble in hot water, 
and solublf in alcohol, but the fact that C, F. Rammelsberg found it to be insoluble 
m alcohol, makes it probable that C. Ldwig’s product contained some free mercuric 
bromide. K. Thiimmel says cold alcohol decomposes it, forming mercurous bromide. 
The reports of the properties of this compound are therefore not concordant. 
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C. F. Raimnolaberg also found the coni|K)und ia not change^ by boiling |>ota 8 h« 
lye, while C. Lowig saya it ia wholly converted into mercuric oxide. Ammonia was 
found by T. Fiacher and H. von Wartenberg to convert it into dimercuriammonium 
ox^’bromide. C. F. Rammelaberg saya that nitric* acid diaaolvi'a out the mercuric 
oxide and leaves mercuric bromide as a n'aidue. 

T. Fischer and H. von Wartenberg reported the formation of the 1 : 3J com|>ound 
^xmeamerooric heptoxybromide, 2HgBro.7HgO. Brown rhombic plates (yellow 
in transmitted light) of sp. gr. 9' 13, are obtained by heating a mixture of 4 3 gnus, 
of mercuric oxide, 14 4 grnis. of mercuric bromide, in 3t) c.c. of water for 5 hrs. in 
a si'aled tube at 150"^, and ufterw’arda washing the product with hot alcohol ; and 
also by heating a mixture of the two components in a tw'aled tube at T. Fischer 

and H. von Wartenberg also obtained another form of this salt in black rhombic 
crystals (reddish-brown in transmitted light), and of sp. gr. 8 23, by treating a 
sat. soln. of mercuric bnunide at (iO^^ with n sat. soln. of ])otassium hydrogen 
carbonate, and after standing the mixture for two hours, filtering and washing. 
This compound is d^(;ompo 8 ed by acids and alkalies, and by potassium bromide, 
forming mercuric bromide. Ammonia forms dimercuriammonium oxybromide. 
0. Andre gives the heat of formation (llgBr^, 3HgO) as C‘32 Cals. 

K. Thiimmel obtained the 1 : 4 compound- pentamercurio tetroxybromide, 
HgBr 2 . 4 HgO— by heating the 1 : 3 compound cither alone or in the ])res(‘nee of wat«'r. 
K. Thummel, G. Andre, and T. Fwcher and II. von Wartenberg made it by the 
action of sodium carbonate 911 a soln. of mercuric bromide. ; apd T. Fisc her and 
H. von Wartenberg made it by the action of potassium hydrogc’u carbonate on 
mercuric bromide ; by heating a mixture of ecjuimolar proportions of the component 
salts in the prc'sencc of water in a s<‘aled tube at 160", and subsecjucudly washing 
out the mercuric bromide with wat-er ; by heating in a sealed tube* at 2(K)" -3()0", a 
mixture of H O grms. of mercuric oxide and 7‘2 grms. of mcTcuric bromide ; by 
leaving a soln. of mercuric bromide for some weeks in contaet with marble or 
magnesite ; and by the action of ozonized air on a slurry of mercurous hromide and 
water — any nuTcuric bromide which is formed is removiul by alcohol. (1. Andre 
made it hy heating r>() grins, each of rod mercuric oxide and iiKTCuric bromide in a 
litre of water for 12 hrs. to near th«* b.p. The dark reddish-brown cTystallme jiowder 
has a sj). gr. 8 * 73 . It is decomposed by heat at 230" into mercuric oxide, and a 
sublimate of the bromide. Dry ammonia has no action, while acj. ammonia, a 
soln. of potassium bromide, acids or alkalies act like they do on the 1 : 3J compound. 
According to (I. Aiuln's the heat of formation (HgBr 2 . 4 HgD) is 7*8 (^als. The heats 
of formation of the mercuric oxybromidcs were found by G. Andre to be somewhat 
greater than those of the corresponding oxychlorides. 


UKrERKKOKS. 

^ T. Fischer anti H. von Wart«nl)org, Chem. Z,lg., 26. 906, 983, 1002; K. Thiimraol, Arch. 
Pharm., 223. 923, im ; G. Andab Ann. Phys. Chem., (0), 3. 123, 1884 ; A. J. Jlalard, ib., (2), 
82. 337, 1826 ; C. Ltiwig, Mag. Phnrm., 33. 7, 1828 ; Pogg. Ann., 14 . 486, 1828 ; C. F. RararaeU* 
berg, lb., 65. 248, 1842. 


§ 21. Compoondx of Mercury, Bromine, and Ammonii 

Mercuric bromide found by G. Gore ^ to be moderately soluble in liquid 
ammonia. According to H. liose, cold mercuric bromide does not absorb ammonia 
gas ; but when fused at a gentle heat, and cxM>led in an atm. of the gas, jt absorbs 
3 41 i>er cent, approximately eq. to 2 HgBr 2 .NH 3 . The analyses of the product 
by H. Rose and B. Mitscberlich arc not concordant — presumably on account of 
th« volatilization of some mercuric salt when heated. When the product is 
treated with water, ammonium bromide passes into soln. and a yellow powder 
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remains which C. F. JRanimelsberg found to give off ammonia gas when treated with 
potassium sulphide, hut not with the hydroxide. According to W. Peters, a mol 
of mercuric bromide takes up two mob of ammonia when treated in H. Ley and 
G. Wicgnerb apparatus. When aq. soln. of mercuric bromide are treated with 
aqua ammonia, a white precipitate of the bromamide is obtained : HgEr*, 
-f2NH3 -^NHiBr-f Hg(NH 2 )Br. The product is the bromine analogue of infusible 
white precipitate?, NH 2 lfg.Cl! J. 0. F. Druce said that aq. ammonia reacts with 
mercurous bromide, forming a mixture of mercury and mercuric bromamide. 

Sat. soln. of mercuric i)romide in methyl or ethyl acetate give a white ])re- 
eipitate of mercuric diamminobromide, HgBr 2 . 2 NH 3 . A. Naumann and F. Becker 
used a lialf-sat. soln. of m«?rcuric chloride in benzonitrilc. J. Schroder also examined 
the action of ammonia on soln. of nuTcuric bromide in pyridine. K. Widmaii 
and L. Pesci also made the diammino-eompound by incomplete preci]>itation from 
mercuric bromide ; and l)y adding a few drops of ammonia to a soln. of 008 grm. 
of ammonium bromide j>er c.(^ of wat<‘r sat. with mercuric bromide. 

H. made it by pouring a hoIii. of 50 jjrins, of morciiric brotnido, and 80 grins, 

of uminonuini bromide and 400 c.c. of water, into 100 c c*. of aqua ammonia such that the 
mol. ratio m tho two sola. NIIj : llgHr, isgn'ater than 2:1. 'I’ho procipitalt> was washed 
by doc.antation with cold water until it began to show a faint ytillow tingo ; and it was then 
ullowod to stand in contact with a very dil. soln. of ammonium oldorido for some hours 
untd tho white colour of tho procipitato is restored. Tho ])recipitalo was then drained, 
ilriinl on porous tiIo.s, and finally over barium oxklo at ordinary temp. 

L. Porti'i made it by treating dimercuriammonium bromide, NHg 2 Br, or the double 
8iilt of this compound with ammonium bromide, with a boiling soln. of ammonium 
bromide ; and liy the action of alcoholic ammonia on mercuric bromide, 

11. Gaudecboit foi^id that if a Roln. of mercuric bromide at Sif be poured into 
an excess of ammonia (‘ither lfgBr 2 . 2 NJl 3 or Nir 2 HgBr is formed “all depends on 
the (xmeentration. He studied mixcxl soln, of inerciirii', 
and ammonium bromidi^s and water in equilibrium with 
.solid pbaKe.s, and on plotting the (xmc. of tlu' elements 
firomine (or nitrogen) and mercury in soln. obtained 
eurv(‘s ri'sembling those indicated in Fig. 2d. The breaks 
in the curves correspondi'd w'lth the solid phases, 
HgBr.JNHg.Br; llgfNH.lBr; and ]IgBr 2 . 2 Ml 3 , as 
shown in the diagram. 

Aix'ording to E. C. Franklin, and F. F. Fitzgerald, a 
soln. of mercuric bromide in liquid ammonia undergoes 
amminolysis : 2 nglU 2 d lNH 3 ^=iNl[g 2 Br f dNH 4 Br ; and 
R. Widman found that with an excess of aqua ammonia 
on mercuric bromide, the compounds lfg(NIl 2 )Rr and 
NHgoBr arc formed : HgBr2.2Nll^?=iHg(NH.>)Br 
-bNH 4 Br ; and 2 Hg(NH 2 )Br^NHg 2 Br-fNTl 4 Br ; “fol- 
lowed by NI{g 2 Br b2ir20?=^:2irgO-pNH4Br. R. \Vidman also determined the 
etjuilihriiim ixmc. of the first two equations, but the extreme slowness of tho 
reaction last symbolized, and the low cone, of the ammonium bromide in soln., 
])revented the equilibrium conditions being established. It therefore follows that 
in tho presence of an excess of aqua ammonia, mercuric chloride and bromide 
behave in a similar manner, excepting that with mercuric, chloride there is a 
hydrblysis, forming HgOH — ^NH — HgCl, whereas with mercuric bromide the hydro- 
lysis occurs in the final stage involved in the formation of mercuric oxide. 

Both R. Widman and H. Gaudeclion agree that in contaTit with water alone, mer- 
curic diamminobromide decomposes, forming ng(NH 2 )Br and HgBr2.4NHg2Br, in 
accord with the symbols : HgBr 2 . 2 NH 3 T=^Hg(NH 2 )Br-l-NH 4 Br ; followed by the 
amminolysis and dianxmonatioii of the basic salt, mercuric bromoamide : 
9Hg(NH2)Brri^HgBr2.4NHg2Br-l-3NH4Br-|-2NH3. The further hydrolysis has not 
been determined, but R. Widman has shown that in the absence of free ammonia, 
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ammonium bromide soln. acta on mercuric oiide in agreement with the symlvols : 
9 Hg 04 ’ 6 NH 4 BrFi 2 NHs-f 9 H 20 -fHgBra. 4 NHg 2 Br. In the presence of an excess 
of mercuric bromide, R. Widman found both HglNH^lBr and NU(HgBr)a are 
formed, and ho has established the reactions : lIgHr 2 . 2 NH 8 ^Hg{NH 2 )Br-f ml^Br ; 
foUowed by 2 Hg(NH 2 )BrF:iNH(irgBr) 2 -f NHg ; and by 2 NH(HgBr) 2 -f 311*0 
?=^HgO-f2l'ni4Br-f HgBr^. and he has further shown that the ajuminobaaic wilt 
NH(HgBr )2 is successively ainminolyzed into Hgj,N 4 Brfl, and then into Nlfg^Br, in 
accord with the equations : 9NH(HgBr)2+r>NH3==-2HcoN4Br(j-l'riNH4Br ; followed 
by 2Hgj,N4Brfl+4NH3^9NHg2Br+3NH4Br. 

Mercuric diarainuiobromide is the bromine analogue of fusible wliih* precipitate. 
L. Pesci, and H. Gaudechon supposed it to be NUg 2 Br. 3 NU 4 Br, and the lattor, on 
this assumption, gave its heat of formation from the solid compound salts as 
9‘4 Cals, M. Hamers, and A. Naumann say that mercuric diamininobromide is 
a white powder without any smell ; it melts when heaU'd to 18()^ giving olT ammonia, 
and forming a white sublimab*. At a higher temp, it forms two volatile substances, 
one of which forms'a pulverulent sublimate and the other coiidruises as a liquid 
which solidifies to a crystalline mass. E. Clerici has measured th(‘ viscosity I'onstants 
of the molten liquid. When suspended in water, and t reab'd with hydrogen suljihide, 
it forms mercuric sulphide and ammonium bromide. It is decomposed by wab'r 
changing to a yellow colour, and when boiled with wnb'r, it bri'aks ilowm and forms 
a soln. containing but little mercury, and much ammonia— the reat'tions involved 
will appear from what has bfcn said above ; similar remarks apply t-o the action of 
aqua ammonia, and soln. of mercuric bromide and of ammonium bromide. L. Pesei 
says that soln. of ammonium chlorid<‘, hromide, or iodide slowly disHoIvi* the salt 
with the evolution of ammonia Alkali-lye decomposes it, forming ammonia and 
dimereiiriammonium bromide, NHg 2 Br. It is readily soluble in^iydroeliloric acid. 
The soln. in hot dil. sulphuric acid deposits crystals of mereuric bromide on cooling, 
and it is soluble in acetic acid, but not in alcohol. According to W. Peters, the 
salt loses ammonia in vacuo. F. Anderlini prepared dark him' e-ryslals of CUpriC 
mercuric tetranuninotetrabromide* CuHgBr4.4Nn3, by mixing a boding soln. of 
ammoniacal cupric bromide, and a soln. of mercuric and jiotassium bromides ; and 
bright blue scales or needles of CuHg2Br3.4NH3, by treating a soln, of the jireceding 
compound in a warm soln. of ammonium bromide with mercuric brornidi* dissolved 
in potassium bromide in the presence of free ammonia- not in excess. 

The bromine analogue of infusible white precipitat4‘ was prcpari'd by C. Lowig * 
in 1828, and studied by E. Mitschcrlich in 1840. Similar remarks ajiply to the 
constitution of both mercuric chloroamide, and bronioamide. Acconling to 
C. F. Rammclsberg, L. Pesei, H. Gamleehon, and other suppoiixTS qj the diamni^- 
nium hypothesis, this compound is assumed to be a doubh; eornpound of ammonium 
and dimerciyriammonium bromides — namely, NH 4 Br.NHg 2 Br ; while, according to 
R. J. Kane’s hypothesis, it is mercuric broinamide» NH^ — Hg— Br, or ^mssibly, 
according to E. C. Franklin, HgBr 2 .Hg(NH 2 ) 2 . G. Ijiiwig, E. Mitscherlich, and 
L. Pesci made this compound by adding aqua ammonia to a soln. of mercuric 
bromide. The same compound was found by R. Widman to be a jiroduct of the 
action of mercuric bromide on mercuric dianmiinobromide. 

Mercuric bromoamide is a white powder which is less stable the higher the 
temp. ; according to C. Lowig, it decomposes when heated intf> nitrogen, ammonia, 
steam, and a sublimate of mercurous bromide, or, as E. Mitscherlich said, of 
HgBr 2 ,NH 3 ; the residue is HgBr 2 . 2 NHg 2 Br. E. Mitscherlich also says thtft this 
compound is insoluble in water and alcohol. L. Pesci noted an indefinit<*ly large 
proportion of aramoniulii bromide could be extracted by washing with wabjr ; and 
that boiling water produces a yellow product which approximates closer aijd closer to 
NHg 2 Br. H. Gaudechon says that water decomposes it, forming HgBr2.4NHg2Br ; 
the reaction at 15° is represented by 9Hg(NH2)Br=HgBr2,4NHg2Br-f2NH^ 
+3NH4Br; and at 100^ 10Hg(NH2)Br-HgBr2.4NHg2Br-f2NH4Br+4NH« 
4-HgBr2. E. Mitscherlich found it to be slightly soluble in aqua ammonia ; and 
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H. Oaudechon noted that after standing at 8° to 10° in contact with ammonium 
, bromide the solid pnase is HgBr2^2NH3. H. Gandeebon and R. Widman bavr 
studied the equUihriam conditions. H. Saha and K. N. Cboudhuri obtained 
dihydnted mercuric oiybromoamide, Hg 0 .Hg(NH 2 )Br. 2 H 20 , by shaking aqua 
ammonia of sp. gr. 0 895 with mercurous bromide, and evaporating the ammoniacal 
filtrate in vacuo over sulphuric acid ; the resulting white powder was washed with 
water and dried over calcium* chloride. When heated, ammonia is evolved and a 
black mass remains, and at a higher temp, a sublimate of mercurous bromide and 
mercury is formed. Boiling potash-lye colours it yellow. 

Mercuric hydroxybromoamide, HgOH.NH.HgBr.— This compound can be 
regarded as the bromide of Mil Ion’s base, it can also be regarded as oxydiimrcuri- 
ammonium bromide, OHg 2 NH 2 Br, or as hydraled dimercuriamrmnium bromide. 
Graphically : 
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It is formed, according to P. C. Ray, when the salt NH4Br.4liBr is treated with an 
excess of potassium hydroxide. K. A. Hofmann and E. C. Marburg made it by 
digesting Millon’s base in darkness for 24 hrs. with a 3 per cent. soln. of hydrobromic 
acid, washing the product with the same acid, then with alcohol and ether, and 
drying 24 hrs. in vacuo over sulphuric acid. Attempts to dehydrate the product 
have been nugatory ; it decomposes at 200°. K. A. Hofmann and E. C. Marburg 
also prepared what they regarded as dihydrated dimercuriammonimn bromide, 
NHg2Br.2H20, but what E. C. Franklin regarded as hydrated mercuric hydroxy- 
bromoamide, HgOH.NH.HgBr.H 2 O. The alternative formula, (HgOH) 2 NH 2 Br, 
has also been suggestnl. This compound is formed as a yellow powder by treating 
an aq. soln. of mercuric bromide with dil. aqua ammonia, and washing the product 
with dil. ammonia, then with alcohol and ether, and finally drying in vacuo. 


L. Poaci prepared what lio regarded as a double salt, 4 N 7 Ig,Br. 6 NH 4 lir, but wliich 
K. C. Franklin regarded as mercuric dlammlno-enneabromoamlde, 7 IIg(NH 2 )Iir.HgBrj. 2 NHj, 
by tho action of ammonium carbonate on an aep soln. of mercuric bromide ; by passing 
(*arbon dioxide through a strongly ammoniai'a] soln, of mereunc bromide ; or by allowing 
the soln. to stand eiqiosod to tho air. Tho product is washi'd with a dil. soln. of ammonium 
carbonate, and dried over sulphuric acid. It forms minute nocdle-liko crystals, which, 
when heated, decompose without melting, fonning ammonia, (dc. The compound is 
docomriosod by water, forming ammonium bromide and mercuric hromoamido. Hot 
alkali-lye transforms it into dimorcuriammonium bromide, NHg,Br, with the evolution of 
ammonia. It is easily soluble in hydrochloric acid ; insoluble in cone, nitric acid ; and it 
is soluble in a wann 10 per cent. soln. of sulphuric acid- and on cooling, the last-named 
84>In. deposits frystola of mercuric bromide. It dissolves slowly in soln. of ammonium 
chloride, bromide, or iodide with tho evolution of ammonia. Tho constitution and there- 
fore also the name of this product is not dear ; nor is it known if a true compound or mixed 
crystals of two or more compounds are in question. 


R. Widman prepared mercuric dibromoamide, NH(HgBr) 2 , by treating 
mercuric bromoamide, Hg(NH 2 )Br, with a soln. of mercuric bromide : 3Hg{NH2)Br 
-f-HgBr 2 ^ 2 NH(HgBr) 2 +NIl 4 Br— vide supra — and also by shaking mercuric oxide 
with a soln. of mercuric and ammonium bromides. The white powder is rapidly 
blackened by exposure to diffuse daylight ; it is decomposed by water ; a dil. 
ammoniacal soln. of ammonium bromide converts it back into mercuric bromo- 
amide. 

Mercuric tetrabromoamide, (HgBr) 2 N.Hg.N(HgBr) 2 , is also regarded by 
E. C. Franklin as possibly having the composition 2 HgBr 2 .Hg 3 N 2 ; and by 
H. Gaudechon as having the composition 2NHg2Br.HgBr2, which he caUs dimercuri- 
ammonium dibromomercuriaie ; and he gives the heat of formation from the solid 
component salts as 10’9 Cals. H. Gaudechon made it by treating a more or less 
cone. soln. of mercuric bromide at 80° with sufficient ammonia for the mol. ratio 
HgBfj : NHj hot to exceed 1 : 18. P. C. Ray made it by gradually adding 
potash-lye — not in excess — ^to a boiling soln. of ammonium pentabromomercuriate, 



MERCURY 


NH4Br.2HgBr2. When the yellow powder u digested with water, it giyca up 
ao little mercury, bromine, and nitrogen to the solvent that If. Qaudechon could 
not decide whether the soluble matter was due to decomposition or soln. It is 
d^mpo^ by hot water into dimercuriammoniuni bromide, NHgjBr, and 
dtmercunammonium hexabromomereuriai^, HgBr^.iNRggBr. 

H. Gaudechon explains the formation of the compounds HgCl2,2NHg2Cl, and 
of HgBr2.2NHg2Br, on the assumption that the halogen salts of diinercuriamiuonium 
when given the choice of water, or ammonium or mercuric halide, unite bjjr preference 
with the mercuric halide to form what he calls in the case of HgCl2.2Nlig2CI, chhro^ 
mercurale de diniercuriammonium, and in the case of UgBra-tNIIg^Br, 6romo- 
mercurate de dimercuriavimonium. E. C. Franklin regards these compounds as 
amminobasic salts or mixtures formed in the presence of insufllcient ammonia to 
give basic compounds richer in nitrogen ; and he shows that tlie structural formula- 
tion applied to ordinary basic salts is also applicable : 
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H. Gaudechon made the comjKmnd HgBr2.4NHg2Br, or (lfgBr)2N.Hg.N : 
[Hg.N(ngBr)2]2, by j)ouring a litre of an aq. soln. of mercuric bromide sat. at 15* 
into a litre of aqua ammonia so that the mol. ratio HgBrg : NH^ is rather more 
than 1 : 2. Next day tlie liquid was decanted from the orange-yellow ])re(U})itato, 
and the precipitate washed free from bromine and ammonia by cold or luke- 
warm water, and dried on porous tiles at 15®, and then ^ darkness at 100®. 
H. Gaudechon also obtained this same product by using an ainmoniacal soln. of 
ammonium bromide with the soln. of mercuric bromide ; and by washing llg(NH2)Br 
or IIgBr2.2NH3 with hot or c^)ld water until the washings are free from bromine or 
ammonia. R. Widman stmlied the condit ions of equilibrium of this salt with soln. 
of ammonia and anHiionium bromide- -nV/c swpm— with acpia ammonia it forma 
mercuric bromoamid(‘, 2N4Hg9Br6-f4NH3--ttNHg2Br4-3NH4Br. According to 
H. Gaudechon, the heat of formation of HgBr2.4NHg2Br, from the solid eomjmncnt 
salts is 15 2 Cals. 

DimercuriamillOIlium bromide, or tdraniercuriamvionium hromidr, NHg2Br. — 
This product may be regarded as a basic mixture, HgBr2.Hg3N2. B. IVsci inade it 
by treating dimercuriammonium cnneabromomercuriat<', 5Nll4Br.4NIIg2Br, or 
HgBr2.7Hg(NH2)Br.2NIl3, with warm alkali-lye, or by treating Millon’s base with 
dil. hydrobromic acid, and, in cither case, drying the product in vacuo bver sulphurlb 
acid. H. Gajidechon made it by treating Wo mols of dimercuriammonium hexa- 
bromomercuriate, HgBr2.4NIfg2Br, with four mols of ammonia in a hot rone, soln., 
and drying the product at lUO'", or else at 15® over barium oxide. H. Gaudechon 
also made it by treatmg dimercuriammonium oxide, (NHg2)20.2H20, with hydro- 
bromic acid for 24 hrs. in darkness, drying the product on porous tilcB, and finally 
at 15® over barium oxide, and then at 100®. E. C. Franklm made it by adding a 
soln. of potassium amide to an excess of a soln. of mercuric bromide in liquid 
ammonia, and thoroughly shaking the mixture. F. F. Fitzgerald maile it by 
thoroughly mixing an aq. soln. of potassium amide with an excess of a similar 
soln. of mercuric bromide, and after standing 24 hrs., washing the precijwtate. 
R. Widman said that this compound is precipitated from ammoniaeal soln. of 
mercuric bromide, wheH the cone, of ammonium bromide is less tlian 0 0008 grm. 
per c.c. If a hot soln. of mercuric bromide is poured into a cold aq. soln. of 
ammonia, a white or yellow precipitate is formed, which, when washed IBth water, 
furnishes monohydiiltted dimercoriammonium bromide, NHg2Br.H20. If the 
soln. be mixed in the converse way, and the precipitate be washedf a deep yellow 
precipitate of dimercuriammonium hexabromomcrcuriate is formed. If the litter 
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be well washed with hot cone, ammonia, a canary-yellow dimercuriammouiuin 
bromide is formed.* This does not combine with water to form the monohydrate, 
nor is the anhydrous salt formed by heating the raonohydrate. 

Dimercuriamraonium bromide is a canary-yellow ])owder, which H. Gaudechon 
found to consist of very small crystals. According to this savant, the heat of 
formation of this compound from its elements is — 17'6 Cals. L. Pesci said that 
when heated, it decomposes without melting, giving oH ammonia ; and H. Gaudechon 
said that it explodes if rapidly heated to redness, but if gradually heated to 400 “, 
blue sparks appear in the mass and mercury and mercurous bromide are formed. 
This salt is insoluble in water, and it is not hydrated after standing 15 days in water 
or in an atm. sat. with water vapour ; L. Pesci said that it is insoluble in cone, nitric 
or sulphuric acid, and F. F. Fitzgerald obtained only a small residue — probably 
TiiereurouH bromide, when the salt is boiled for a long time with sulphuric acid ; 
it is readily soluble in hydrochloric acid. E. C. Franklin found it to be soluble in 
aq. soln. of acid, and ammoniacal salts ; and L. Pesci found it to dissolve slowly in 
soln. of ammonium chloride, bromide, or iodide with the evolution of ammonia. 
R. Widrnan, and H. Gaudechon have studied the condition^ of equilibrium of this 
compound with water and ammoniacal salts — vide su'pra. E. C. Franklin found it 
to be converted into mercuric nitride, Hg3N2, by potassium amide. 

What P. C. Ray regarded as hemihydrated dimercuriarnmommn bromide, 
2NIIg2Rr.H20, and E. C. Franklin as dimercuriammonium hydroxybromoamide, 
NHg2Br.HgOH.NH.HgBr, was made as a deep red precipitate by P. C. Ray, and 
J. S<‘n, by treating Nl^Br.2HgBr2 with an excess of'dil. potassium hydroxide, and 
drying at lOO*^. This product is decomposed by heat into nitrogen, mercury, 
water, and mercurous bromide. The salt, NHggBr.H.jO, is considered to be 
HgOlI.NH.HgBf ; and NHg.Br.^HgO, to be HgOH.NH.lIgBr.ILO. 

H, Gaudechon nui^le dimercuriammonium hemiammmobromide,2NHg2Br.NH3, 
by exposing dimercuriammonium bromide to the action of ammonia under })re88. 
When the contents of the tube have chang<’d to a red colour, the tube is cooled ho as 
to liquefy the ammonia. The tube is then opened, and the excess of lupiid ammonia 
poured off. The product is then allowed to stand in a bath of methyl chloride at 
•" 21 '^ until no more gas is developed. The red j)roduct can be kept at 4 ^- 5 ° 
without much change, but in 15 hrs. at 15 °, it lost's about oiui-third of its ammonia, 
and if kept over phosphorus pento.xide, it loses one-fourth of its ammonia, forming 
hydrated dimercuriammonium amminobromide, 4NHg2Br.NH3.H2O, as a hygro- 
scopic powder : 

The compound dimercnriamnionium hydrobromide, NHg,Br.4HBr, is considered to be 
ammonium yontabromomorcuriato, 2HgBr,.Nn4Br ; the compound NHg|Br.lIBr is 
supposed to be Nil(HgBr)|, tho dibromide of Millon’s base, or mercuric dibromoaraido ; 
the compound NHg,Br.NH 4 Br is better rej^ardod os mercuric bromoamido, Hg(NH,)Br ; 
the compound 4NJlg|Br.5NH4Br is also considered to bo mercuric diammino-onneabromo- 
amide, 7Hg(NH j)Br.HgBr,,2NH, ; and tho compound NHgjBr.3NH4Br may be regarded 
os mercuric diamrninobromide, HgBr,.2NH|. 

According to M. Adams, ^ hydroxylamine does not unite with mercuric bromide 
to form stable salts of the type MBr2(NH20H)2. An alcoholic soln. of normal 
hydroxylamine hydrobromide, cooled below zero, dissolves mercuric oxide, but the 
cold soln., on standing, furnishes white crystals of dihydroxylamine hydrobromide : 
Hg0-f-4(NH40H.HBr)-HgBr2-f2(NH20H)2HBr-fH20. If mol. proportions of 
the two salts, in methyl alcohol soln,, cooled below zero, be treated with a methyl 
alcohol soln. of hydroxy lamine, and ether added, microscopic quadratic plates of 
merooric tetrahydrozylamine dihydrohromide, HgBr2(^20H)2(NH20H.HBr)2, 
are formed. The crystals are soluble in methyl alcohol, forming a soln. which 
decomposes slowly ; the aq. soln. decomposes rapidly. The salt is less stable than 
the corresponding chloride. The methods used for the preparation of mercuric 
dihydroxylamine chloride fail when employed in the attempt to make the corre- 
sndndinfl bromide. 
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§ 22. Double and Complex Salts of Mercuric Bromide- -The Bromo- 
mercuriates 

According to R. Varetd the double broniideH are derivativoR of the complex 
acids nHgBr4 and ll2Hg2Brfl. C. Lowig noted that hydroj'Tonfic m id of Bp. gr. 
1’18 when sat. at 40' with mercuric bromide, forms a syrupy li(juid in which the 
two components are in the proportions HBr.HgBr2, that is, hydrotribromomercuric 
acid, lIHgBr3 ; and (b Neumann adds that thia compound exists only at temp, 
e.xceeding 4°. R. Varet gives the heat of formation IlBr-f HgBr2“-2 r)4 Cals, 
und 2HBr-|-irgBr2-^2 30 Cals, at 17^ and M. Berthelot gives HgBr^ (one eq. in 
40 litres) -bllHBr (one eq. in two Iitre8)~3'4 Cals, at 11°, and with lUBr, under 
similar conditions, r)-4 Cals, with crystalline HgBr2-4HBr in a soln. of similar con- 
centrations, 3-0 Cals., and with 12HBr, 20 Cals. The properties of the ]>roduct 
resemble those of the corresponding hydrotrichloromercuric acid, C. R. Crymblo 
also noted the resemblance between the complexes HllgCls and llHgBrg. If the 
soln. of hydrotribromomercuric acid be cooled or diluted with wat<'r, half the 
mercuric bromide is precipitated and the cx)mpound 2HBr.]fgBr2, tlyit is, dihydrt}* 
tetrabromomercuric acid, H2HgBr4, remains in soln., and G. Neumann added that 
this product.is formed in soln. at IT. C. Lowig noted that rnereuric bromide is 
readily soluble in soln. of ammonium bromide, and that the addition of alkali 
carbonates precipit^ites mercuric bromoamide, Hg(NH2)Br. 

P. C. Ray prepared crystals of ammonium pcntabromomerouiiato, 
2HgBr2.NH4Br, or NH4Hg2Br5, by the action of hydrobromic acid on dimercuri- 
ammonium nitrite. The soln. is then evaporated ; the same salt is made by 
evaporating a soln. of the eximponent salts in the presence of hydrobromic acid. 
The white prismatic and tabular crystels probably belong to the triclinic system ; 
they are decomposed by water into their components ; alkali hydroxides form 
NHgaBr.iHgO, t.e. NHggBr.HgOH.NH.HgBr ; and also 2NHg2>^r.HgBr2, 
i.e. (HgBr)2N.Hg.N(I^Br)2. E. Clerici has measured the viscosity constants. 
R. Varet gives the heS of formation 2*22 Cals, by mixing soln. of the component 
salts; R. Varet also gave 2*63 Cals, for the hypothetical HgBrg.N^Br. An 
alternative formulation for 2HgBr2.NH4Br is NHg2Br.4lIBr. 

R. Varet * deduced the formation of lithium tribromomcrcuriate, HgBr^.LiBr, 
with a heat of formation of 1*36 Cals., and of lithium tetralwOlIWIliercaiiati, 
HgBr2.2LiBr, with a heat of formation of 2 50 Cals., by mixing aq. soln. of the 
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component salts. F. Calzolari and U. Tagliavini prepared lithium morouric 
hfOmodiohloridCf o1^ lilhium bromodicklofomercuriale, HgCl 2 .LiBr, but could not 
get it in the crystalline form ; although the complex with hexamethylenetetramine 
readily crystallized. P. A, yon Bonsdorff prepared deliquescent needles and 
rhombic prisms of sodium bromomercuriate ; and T. Harth also prepared this 
salt. E. Clerici determined the viscosity constants. R. Varet gave the heat of 
fonnation of sodium tribromomercuiiate, HgBr 2 .NaBr, as 1*28 Cals, at 17°, and 
of sodium tetrabromomercuriate, HgBT 2 . 2 NaBr, as 2 30 Cals. A. Vicario pre- 
ferred the last-named salt to mercuric bromide for hypodermic injections ; the soln. 
is quite neutral and does not coagulate albumen. A. Vicario also prepared sodium 
dichlorodibromomercuriate, HgBr 2 . 2 NaCl, from soln. of the component salts. 

According to C. Lowig, a cone. aq. soln. of two mols of potassium bromide 
dissolves more than three mols of mercuric bromide, forming a stiff opaque mass 
which when cooled or dilutc^d with water, deposits mercuric bromide until two mole 
remain in soln. W. Herz and W. Paul measured the solubility of mercuric bromide 
in soln. of potassium bromide at 25°. Expressing the rcsidts in milligram-mols 
per 10 c.c. : 

KBr . .0 2 19 7 70 2,1-80 34 70 

HgBr, . . 0-17 0-98 4 72 13-60 19 30 

When the soln. of equimolar parts of the two salts is evaporated, P. A. von Bonsdorff 
obtained prismatic crystals of what is thought to be potassium tetrabromo- 
mercuriate, HgBr 2 . 2 KBr, or K 2 HgBr 4 . These crysta^ls are stable in air. Accord-* 
ing to J. Thomsen, the heat of formation (Hg, Brg, 2KBr, aq.)— 52T9 Cals., 
(HgBr 2 , 2KBr)-— 123 Cals.; (HgBr 2 , 2KBr, aq.)=l’64 Cals.; and for solid 
K 2 HgBr 4 , 242'4 (^ils^The heat of soln. of a mol of K 2 HgBr 4 in 6(X) mols of water 
is —D’Tr) Cals. M. Berthelot gives the heat of formation in soln. at 8°, as 
(HgBr 2 . 2 KBr), 5 0 Cals., and for HgBr2A,,.4-4KBra(,.=8'2 Cals., and of HgBr 2 aq. 
4-8KBr=9'6 Cals., so that higher double salts than the 1 ; 2 compound are suppostm 
to be formed. R, Varet gives for the heat of formation HgBr 2 . 2 KBr, 2’30 Cals. 
8. Bugarszky represent-s the equilibrium conditions between a soln. of potassium 
bromide and yellow mercuric oxide by 4KBr-fHg0-}-H20f=i2K0H“l-K2HgBr4. 
R. G. van Name and W. G. Brown studied the equilibrium conditions in soln. of mer- 
curic and potassium bromides, and obtained evidence of the formation of the double 
salt, 2KBr.HgBr2. Yellow octahedral crystals of potassium tribromomercuriate, 
HgBr 2 .KBr, or KngBr 3 , were prepared by C. Lowig by evaporating a moderately 
cone. soln. of potassium bromide sat. with mercuric bromide. F. W. Clarke gave 
the sp. gr. as 4A12 (17*2°), 4 419 (24’5°), and 4 3996 (20*5°). According to M. Berthe- 
lot, the heat of formation for the crystalline double salt is 3T Cals., for the soln. 
at 8°, 2'75 Cals., and for the heat of soln., — 8 9 Cals. The crystals melt when 
heated, and at a higher temp, furnish a sublimate of mercuric bromide and a residue 
of potassium bromide. Water precipitates half the combined potassium bromide. 
P. A. von Bonsdorff prepared crystals of hydrated potassium tnbromomeicuriate, 
HgBr 2 .KBr.H 2 O, or KHgBr3.H20, which F. W. Clarke found to have a sp. gr. 
3’865 (20°-24°), and M. Berthelot, a heat of formation of 6 4 Cals., and a heat of 
soln. of — 2 2 Cals. T. Harth prepared long needle-like crystals of potassium 
dibromodiohloromercuriate, HgBr 2 . 2 KCl, by crystallization from a mixed soln. of 
mercuric bromide and potassium chloride or potassium bromide and mercuric 
chloride in eq. proportions. T. Harth found the salt to be soluble in water, and 
at the same time to be decomposed with the separation of mercuric bromide if in- 
sufficient water is present to dissolve the latter. Ether *al8o extracts mercuric 
bromide from .the aq. soln. The electrical conductivity of the aq. soln. has also* 
been meas'iired. 

H, L. Wells has prepared a series of csesiura bromomercuriates, and chloro- 
bromomercuriates, and 8. L. Penheld has measured the crystallographic constants. 
The ratio HgBr 2 : CsBr is 1 : 3, 1 : 2, 1 : 1 , and 2:1. All the salts are white excepting 
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the 1 : 1 salt, which has a lemon-fellow colour in spite of the fact that the oonstituenta 
are both white. All the salts when recrptallixed one or more times from water, 
yield the 2 : 1 salt, osBiiiim penUhromoaimeicorUte, C!8HgtBr5, or 2 MgBr 2 .(^Br, 
with the chlorides, the 1 : 1 salt is the stable form with water. If alcohol be used 
for the recrystallization of the double bromide, then the 1 : 1 salt is the stable 
form. The crystals of the 2 : 1 salt are rhombic j> 8 cudohexagonul plates with 
axial ratios o : 6 : c==0'590 : 1 : 1 15. The solubility pi wati'r is () 807 per cent, 
at 16® ; the salt is sparingly soluble in hot alcohol and furnishes what are probably 
monoclinic crystals of t' 8 HgBr 3 ; under similar conditions, the cubic form of 
CsHgCls crystallizes from alcoholic soln. Cubic crystals of the 1 : 1 salt, OSSSlllllI 
tlitffomonidrciiriate, C 8 HgBr 3 , are formed as in the analogous case of the chluro-salt, 
when an excess of tlie cjcsium halides is present, and a dimorphous variety in mono- 
clinic crystals with axial ratios a : b :c-^ 10124 : 1 :0 70715, and P~ SV V is de- 
posited when the halide is not present in the soln.. in so great an excess. Unlike the 
corresponding chloride, the second form of this salt is decomposed by crystallization 
from water and the 2 : 1 salt is formed, but if the latter be n^crystullized from 
alcohol the monoclinic form of the 1 : 1 salt is obtained. The general appearance 
and mode of preparation of the 1 ; 2 salt, oeesiuiu tetrabromomerouriate, C8jjI:lgBr4, 
or 2C8Br.HgBr2, is exactly like the corresponding chloride. The rhombic bipyra- 
midal crystals have the axial ratios a:b: c— 0'5706 : 1 : 1*4715 ; and, acrordiug to 
E. von fedorof!, they arc isotecUiric with those of potassium sulphate, K 28 O 4 , 
potassium tetrafluoberylliate, K 2 BeF 4 , and potassium tetrachlorozincato, K 2 ZnCl 4 . 
The 1 : 3 salt, csesium pentabromomercoriate, CssllgBr^, or HgBr 2 . 3 CsBr, is 
prepared exactly like the corresponding chloride and tlie slender prisnmtic crystals 
belong to the rhombic system, and have the axial ratios a:h:c - 0*7960 : 1 : 0*6656. 
They are isoraorphous with the corresponding chloride, 

H. L. Wells also prepared double compounds of cjcsiuin (ililori'ile and mercuric 
bromide ; and although the tw'o salts unite together quite readily, ihert‘ is a general 
tendency to form unmixod salts — all the chlorobromides finally yield mercuric 
bromide when re’ery stall ized from water. All the chlorobromides ar<* colourless 
excepting the pale yellow ('sHgClBr 2 . The representative of the 1 ; 3 tyne, cseuum 
trichloro^bromomercuriate, CsjlIgClaBra, or HgBr 2 . 3 CsCl, is obtained from mixed 
soln. with a large excess of caesium chloride. It forms slender prisms with axial 
ratios a:b: c=0*78t52 : 1 : 0*6527. The representative of the 1 : 2 type, ca&iium 
dichlorodibromomercuriate, C 8 HgBr 2 C'i 2 , or HgBr 2 . 2 C'HCl, is also formed when a 
large excess of caesium chloride is prcwriit. The thin recUngular plaU-s are rhombic 
bipyramids with axial ratios a:b : C--05G7 : 1 : — . The representative of the 
1 : 1 salt, oeesium chlorodibromomercuriate, CBHgClBr 2 , or HgBrg.CsCl, forma 
pale yellow dimorphous crystals— cubic and rhombic with axial ratios approxi*# 
mately the same as the corresponding chloro-salt. It is possible that mixed 
crystals of the.l : 1 chloro- and broino-salts arc in question. The 2 : 1 salt, caesium 
chlorotetrabromodimercuriate, 2 HgBr 2 .C 8 Cl, or C 8 Hg 2 ClBr 4 , forms rectangular 
plates belonging to the rhombic system with axial ratios aib: c— 0*586 ; I ; — . 
When this salt is recrystallized from water, it furnishes crystals of CSMiuiU chloio- 
decabromopentameroiwte, CsHgsClBrjo, 5 HgBr 2 .C 8 Cl, belonging to the mono- 
clinic system with axial ratios a:b: c— 0*7111 : 1 : 0*4561, and ^ -85® 29'. These 
crystals are strongly double refracting. 

A. Mailhe obtained a green cupric mercuric oxybromide, Cu().JIgBr2.31l20, 
by the motion of a soln. of cupric bromide on mercuric oxide ; and also a blue 
powder, 3 CuO.CuBr 2 . 2 HgBr 2 .H 2 O, by the action of a soln. of cupric bromide on 
yellow mercuric oxide. Werner represented the latter by the formula : 

CM[“®Cu].Br,.2HgBrrH,0 , 

W. Herz and W. Paul measured the solubility of mercuric bromide in sola, of 
calcium bromide and found the solubility increased pari passu w*ith increasing 



proportiouB of calcium bromide. At 25^, expresAng cone, in milligram-mola in 
10 c.c. of soln. : 

CaBr, . . 0 072 8-45 18-92 24*79 37*64 

HgBr, . . 0-17 .1*17 6*76 13-68 27 06 36 06 

P. A. von BonfldorfE found that when an aq. soln. of calcium bromide is sat. with 
mercuric bromide, and then* evaporated, it (i) yields lustrous octahedral and tetra- 
hedral crystals which are permanent in air, and decompose when treated with a 
small proportion of water. The crj'stals dissolve completely on the application of 
heat, and crystallize out again on cooling, (ii) When the mother liquid remaining 
aftiir the separation of the first crop of crystals is further (evaporated, it yields 
prismatic or acicular crystals which deliquesce rapidly even in dry air, and which 
contain a smaller proportion of mercuric bromide than the preceding salt. It. Varet 
found the heat formation of calcium tetrabromomercuriate, CaHgBr 4 , to be 2'82 
Cals., and of calcium hmbromodimercuriate, 2HgBr2.CaBr2, or CaHggBre, 
3’ 10 Cals., when the component salts are mixed in aq. soln. at 17*". C. Lowig pre- 
pared strontium hexabromodimercuriate, SrHg 2 Br 6 , or 'iHgBrg.SrBrg, by dis- 
solving three mols of mercuric bromide in a soln. of a mol of strontium bromide 
in twice its weight of water at 50*". When the soln. cools, it deposits a mol of 
mercuric bromide, and the mother liquid, when evaporated, yields crystals of the 
salt in question. When digested with water, C. Lowig found the mercuric bromide 
remains undissolved, and the liquid furnislK's crystals of strontium tetrabromo- 
mercuriate, SrHgBr 4 , or HgBr 2 .SrBro, on evuj)oratioif. ii. Varet found the heat of 
formation of 2HgBr2.SrBr2 from soln. of the component salts at 17*" to be 3'06 Cals., 
and of HgBr2.Srl3r2, 2 68 Cals. The 1 : 1 salt is soluble in all proportions of water. 
W. Herz and W. Paul measured the solubility of mercuric bromide in soln. of 
strontium and of barThm bromides. P. A. von Bonsdprlf prepared lustrous prismatic 
crystals of barium bromomercuriate. K. Varet gives the heat of formation of 
barium hexabromodimercuriate, 2lIgBr2.BaBr2, or BallgoBr^, prepared by mixing 
soln. of the component salts at 17^ as 3*17 Cals., and for barium tetrabromo- 
mercuriate, HgBr 2 .BaBr 2 , or BaHgBr 4 , 2*01 Cals. 

P. A. von Bousdorll evaporated a mi.xed soln. of magnesium and mercuric 
bromides over sulphuric acid, and the first crop of crystals which separate as broad 
plates were thought to be magnesium hexabromodimercuriate, MgHgoBr^, or 
2 HgBr 2 .MgBr 2 ; and the 8 (;cond cro[> of deliquescent crystals, magnesium tetra- 
bromomercuriate, MgHgBr 4 , or HgBr 2 .MgBr 2 . P. Calzolari and U. Tagliavini 
prepared crystals of a complex of MgBr. 2 . 2 HgBr.lOH 20 with hexamethylenetetra- 
mine. R. Varet gives 3*07 Cals, for the heat of formation of the former by mixing 
%oln. of the 'component salts at 17*" ; and 2*8 Cals, for the latter. W. Herz 
and W. Paul have measured the solubility of mercuric bromide in soln. of magnesium 
bromide at 25*". P. A. von Bonsdorff also prepared prisms and plates of the double 
bromide of zinc and mercury which are permanent in dry air, and deliquescent in 
moist air-— they an? probably ZnHgBr 4 . By mixing sobi. of the component salts 
at 17*", R. Varet found the heat of formation of zinc hexabromodhnercuriate, 
2 HgBr 2 .ZuBr 2 , or ZnHg 2 Bre, to be 2*82 Cals., and of zinc tetrabromomercuiiate, 
HgBr 2 .ZuBr 2 , or ZnHgBr 4 , 2*56 Cals. A. Mailhe prepared white monoclinic prisms 
and hexagonal plates of zinc o^bromomercuriate, ZnO.HgBr 2 . 8 H 2 O, by digesting 
mercuric oxide with a soln. of zinc bromide. Prismatic neeilles of the corresponding 
cadmium oxybromomercuriate, CdO.HgBr 2 . 8 H 2 O, wore also prepared. R. Varet 
gives 2*2 Cals, for the heat of formation of cadmium hexabromodimercuriate, 
2 HgBr 2 .CdBr 2 , or CdHg 2 Brfl, by mixing aq. soln. of the tjomponent salts at 17® ; 
and for cadmium tetrabromomercuriate, HgBrg.CdBro, or CdHgBri, 2*44 Cals. 
C. SandefUnini studied the f.p. curve of mixtures of mercuric and lead bromides. 
There is a eutectic at 232®, with five mols per cent, of lead bromide, but there is no 
sign of the formation of lead bronwnmeuriates. 
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§ 23. Mercurous Iodide 

Mercury foniw two iodides — iuer< urous iodide, JIgl ; and iiiereurie iodide, 
Hgig. The two elements unite together at ordinary teiaj>., uiul, aciording to 
W. A. Sheiistone,^ the reactioi\ oeeurs only if moisture be rigorously (‘xeluded. A 
mixture of the two iodides is formed by triturating tln' two element, s together, 
and A. R. von Sehrdtter noU'd that if mercury he placed in a disli, and lodme or a 
sat, soln. of iodine in potassium iodide be ])laced in another dish, and both he 
confined under a jar, the mercury becomes dark violet and linally diangi's to 
red mercuric iodide. According to (J. Rram«‘, if mercury and iodine are placed 
in different parts of a tuboj the mercury iodide is formed at a distaneo awa^' 
from both elements, showing that combinathm probably takis plac(‘ between their 
vapours. According to II. Gautier and G. Charpy, the reaction between mercury 
and an aq. or alcoholic soln. of iodine is fairly rapid. According to M. Jh rthelot, 
hydrogen iodide reacts fairly quickly with mercury, and G. 11. Hailey and G. J. Fowler 
noted tlic reaction occurs in the abauice of oxygen. Green mercurous iodide is first 
formc'd very rapidly, and this is convi'rtiMj by an excess of hydrogen iodide into red 
mercuric iodide. The mercuric iodide is reconverted to mercurous iodide if an exeesH 
of mercury be added. Mercury is d»‘eompo8cd by aq. hydriodic acid more readily 
than by hydrobromic acid. 

The preparation o! mercurous iodide. — (1) From iwrcury aid Mercurous • 

iodide was made by J. 13. Berthemot by triturating cqui-grammolar jirojtortions of 
the two elciiKXits— preferably moisDmed with alcohol. The iodine is dissolviid 
by the alcohol and quickly transferred to the mercury. According to K. Hiller, 
much heat is evolved during the trituration, the mass liquefies, and iodine vapour 
is given off. On cooling, a reddish-brown mass is produced ; if this be ground with 
alcohol, a greenish-yellow powder is obtained. The product is always contaminated 
with a little mercuric iodide ; and L. Maiihe showed that even if a less than an equi- 
molar proportion of iodine be employed, some mercuric iodide is produced during 
the action. The mercuric iodide can be removed by leaching the product with 
alcohol, and E. Soubciran recommended washing out the mercuric iodide with bojjing 
alcohol. He found that some mercuric iodide is extracted even when the mer- 
cury has been rubbed up^with but half its weight of iodine. The product must 
then contain some free mercury. F. K. Williams recommended extracting the 
mercuric iodide with a soln. of sodium chloride ; and M. FraD 9 ois, with cqid ether. 
E. Riegel failed to obtain products of a constant composition by the trituration 
process. When mercury is agitated with a soln. of iodine, mercurous iodide is 
formed, but if other metals be present the iodide of that metal may be formed 
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before the mercury is attacked. Thus, H. Gautfer and G. Charpy found this to 

be the case when, lead amalgam is shaken up with a brown soln. of iodine in 

alcohol, ether, or acetone. Yellow lead iodide is first formed and the mass then 
becomes green owing to the formation of mercurous iodide ; they also say that 
violet soln. of iodine in carbon disulphide or chloroform gives green mercurou« 
iodide just as would be the case if lead were absent. They explain the action 
by assuming that the mercjiiric iodide first formed is transformed by the lead into 
mercurous iodide, and mercuric iodide is regenerated by the excess of iodine. 

According to E. Beckmann and A. Stock, the action rests on the difference in 

the solubility of the mercuric iodide — in alcoholic soln. the mercuric iodide is 
reduced by lead, but it is precipitated by chloroform as finely divided mercury and 
mercurous iodide which reacts with difficulty with the lead. If water be used 
instead of alcohol for the trituration the mercury and iodine combine more slowly, 
but the reaction is quicker if the mixture be heated ; the product of the tritura- 
tion with water is brownish-red, and with alcohol yellowish'green. M. Fran- 
cois treated mercury with a soln. of iodine in iV-KI, saturated at 20°, fonniug 
mercurous iodide until the soln. has 11 9 grms. of mer(;uric iodide per 100 c.c. 
at 20°. Nesslcr’s reagent alw) attacks mercury with the formation of mercurous 
iodide. According to H. Fleck, mercurous iodide is formed by the action of 
aluminium amalgam on ethyl iodide ; P. Yvon heated a mixture of equimolar 
proportions of the component elements in a retort to a temp, not exceeding 250°. 
Mercurous iodide sublimes in red crystals, which become yellow when cold. 
According to A. Stroman, the product is im})ure. , 

(2) From mercurous sails and iodine or iodides. — A, Stroman boiled a sat. soln. 
of mercurous nitrate, feebly acidified with nitric acid~and as free as possible from 
mercuric salts — along with an excess of iodine ; he poured the hot clear liquid into 
a vessel previously^ivarmed, and cooled it in darkness. The liquid was filtered in 
darkness, and the mercurous iodide was washed with nitric acid, then with water, 
and finally dried in darkness at room temp, on filter paper frequently renewed. 
A. Stroman also used an alcoholic soln. of iodine, under similar circumstances. 
N. E. Henry, and J. B. Berthemot decomposed mercurous nitrate, or chloride with 
hydriodic acid, or better, with potassium iodide. Since mercurous nitrate requires 
an excess of nitric acid for its soln. in water, this excess remains free—unless the 
potassium iodide contains hydroxide or carbonate as recommended by N. E. Henry 
to neutralize the excess of acid and avoid the formation of mercuric iodide- and 
an oxidizing action will set in converting mercurous to mercuric iodide ; hence, 
the liquid should be rapidly filtered. The oxidation is more rapid when hydriodic 
acid is employed than when potassium iodide is used. If the mercurous nitrate is 
• contaminated with mercuric nitrate, mercuric iodide will be formed. If an excess 
of potassium iodide be used, mercurous iodide will be converted into mercuric iodide 
which dissolves, and metallic mercury which remains mixed with the precipitate ; 
but a slight excess of potassium iodide is useful in dissolving the mercuric iodide 
formed by the nitric acid. C. Soetje, R. Varet, and M. Fran 9 oiB used a similar 
process. According to M. Francois, a soln. of mercurous nitrate transforms mercuric 
iodide into mercurous iodide, and nitric acid dissolves any finely divided mercury 
which may bo present. Hence, he recommends the following preparation : 

Diaaolvo 125 grms. of mercurous nitrate in 2 litros of water containing 20 grms. of nitric 
acid ; ai\d add a soln. of 50 grms. of potassium iodide in 100 grms. of water, drop by drop, 
witll vigorous agitation. Each drop produces a grey stain which soon b^omes yellow. 
The liquid is ^itated U or 4 times, while it is allowed to stand 24 hrs. and then decanted 
from the precipitate, which is then well washed. It is not advisable to wash with alcohol 
because this liquid decomposes mercurous iodide into thetnercuric salt and mercury. 

M. Fraryjoifl also recommended a soln. of iodine in potassium iodide ; F. Bodroux, 
methyl or ethyl iodide ; and P. F. G. Boullay, ferrous iodide, P. C. Ray obtained 
mercurous iodide as a by-product in the action of et^l iodide on mercurous nitrite 
at 190°“210‘’. Mercurous acetate was used by P. F. G. Boullay in place of the 
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nitrate, but mercniotu acetate iabut sparingly soluble in cold water, and it is deoom* 
posed by hot water into soluble mercuric acetate and mercury. J. B, Berthemot, 
therefore, pointed out that it is best to triturate solid mercurous acetate in the cold 
with an aq. soln. of potassium iodide, A greenish-blat'k powder is first produced, 
but this soon becomes yellowish*green. The product is liable to be contaminated 
with imdecomposed mercurous acetate which cannot be extracted by cold water, 
and is resolved by hot water into soluble mercuric acetate and metallic mercury, 
which remains mixed with the mercurous iodide. J. ‘Lefort rt»eommended a soln. 
of one part of mercurous acetate, and two ])arts of sodium pyrophosphate in 10 
parts of warm water in place of a soln. of mercurous acetate alone. The mcrt'urous 
iodide was precipitated by the addition of a soln. of one part of potassium 
iodide. J. Inglis recommended triturating 235 4 parts of merfuroiis chloride with 
an aq, soln. of 165*2 parts of potassium iodide ; if the mercurous chloride he in excess, 
it remains undccx)mposcd ; and leads to the separaticn of metallic nn'roury, 
0. Lichtenberg said that the product is contaniinat«'d with mercurous chloride and 
mercury. 

(3) From mercuric iodide. — J. B. Berthemot prepared mercurous iodide by 
triturating 226 parts of mercuric iodide with 100*6 parts of mercury jtrcferahly 
with the addition of a little alcohol. T. Uicckhcr used a similar jirmM'ss. 
M. yran 9 oi 8 claimed that mercurous iodide of a very high degree of purity can be 
made by the following process : 


Dissolve 50 grms. of mcrcurio io<lido in a heatod mixture of 100 gnus, of luiiliiic and 20 
grms. of alcohol. Crystals of dmhenyldiinorcuriammonium iodido are deposif^xl on cooling. 
On adding ether to tho mother mivud, acicular greenish -y olio w crystals of mrrcurotis ioilid© 
aro deposited. The preparation d<n)end8 on tho reducing action of a small amount of 
aldehyde present in other- -for a soln. of aldehyde m lOlX) parts of olctjhol prtH'ipitaioi 
mercurous iodido from a soln. of mercuric iodalc m aniline. 

# 

B. D. SU'clc noticed the formation of miTcurous iodide wln*n a soln. of potassium 
iodide in liquid sulphur dioxidi* is clectrolyz(‘d using a mercury anode, J. W. Clark 
prepared mercurous iodide by the tdoctrolysis of molten mercuric ioilide with 
graphite electrodes. 

A. Lottermoscr prepared colUndal mercurous iodide by tho action of iodine water 
on coUoidal mercury. According to th(‘ paUmted process of the? Chemische Fabrik 
von Heyden, 20 parts of albumen albuminose peptone, or white of egg, are diswlved 
in TifJO parts of water, and added to a soln. of 17 jiarts of jiotassium iodido in 100 
parts of water, and the mi.xture is then stirred with 26 parte of mercurous nitrate 
in 2000 parte of water, and the yellow soln. dialyzed. The greenish-yellow powder 
is soluble in water, forming a neutral yellowish-green soln. It is precipitat<*d from 
the aq. soln. by alcohol, acetone, or acids. The precipitate by alcxihol or acetone is 
directly soluble in water, but the jirccijiitate by acids requires neutral Nation with isn 
alkali before it is soluble. J. Ilausraann has studied the prc^cipitation of mercurous 
iodide in the presence of gelatine. 

The properties o! mercurous iodide.~The older chemiste— J. Inglis, 1\ F. G. Boul- 
lay, J. B. Berthemot, etc.~-de8< ribcd the colour of mercurous iodide as yellowish- 
green or green, and later, when yellow varieties were prepared, K. Varct* 
suggested that this compound occurs in two allotropic staters— yellow and green™, 
and he actually measured what he regarded as the heat of transformation from the 
green to the yellow— 0*15 Cal. M. Francois says that purified mercurous iodido 
u as yellow as lead chromate, the green colour appears only when very finely divided 
mercury is present ; the green colour is the resultant effect of the superposition of 
the colour of mercury on that of mercurous iodide. This is shown by the variatioiui 
in the tint with diflferant modes of preparation ; analyses of the green specimena 
show an excess of mercury over that required for mercurous iodide ; the purer the 
specimen the more it inclines to yellow ; the yellow samples can be maJe green by 
charging them with finely divided mercury— say by adding a little {wtassium 
iodi^to mercurous iodide; and the green specimens can be ;nade yellow by 

vnT. TV d M 



INORGANIC AND THEORETICAL CHEMISTRY 


dissolving out the mercury— with dil. nitric acid ; or by converting the mercury into 
mercurous iodide by digesting it with a soln. of iodine in potassium iodide. The 
fact that the properties attributed to mercurous iodide by the older chemists really 
referred to a mixture of that salt contaminated with a little finely divided mercury 
renders it necessary to accept many of their statements with some reserve. 

According to A. des Cloizeaux, the crystals obtained by sublimation arc tetragonal 
(P. Yvon said rhombic) plates with the axial ratio a : C“1 : 1*6726 probably, and 
isomoqihous with the crystals of mercurous chloride. According to E. J. Houston, 
when the light yellow salt is heated, it gradually darkens as the temp, rises, becoming 
dark yellow, orange, and orange-red ; and on cooling these colours appear in the 
reverse order ; at KX)"", A. Strornan said that the salt is always yellow. In sodium 
light, P. Yvon found the pale green colour changed to red at 70“, and at 220°, garnet 
red. B. Gossner obtained a specimen of mercurous iodide, by the trituration of 
mercuric iodide and mercury, which turned red abruptly when heated. It is, 
therefore, assumed that the red form is stable at the higher temp., the yellow 
at ordinary tem[). ; that the salt is dimorphous ; and that the tetragonal form of 
the crystals is retained as the salt pas8(‘H into the »}'ellow modification. 
According to C. J. B. Karst<m, the specific gravity is 7*6fir) ; and, according to 
P. F. G. Boullay, 7*75. 

The crystals sublime when heated, and, according to A. Strornan, ^ the sublima- 
tion begins between 1U)‘" and 12U“ (P. Yvon says 11X)“), and increases in velocity 
with rise of temp. ; P. Yvon says the crystals melt to a black liquid, the melting 
point being 21K)'‘, with partial decomposition, and the boiling point is about 310°. 
L. Truost measured the vapour density between 752 and 754 mm., and found a 
mean value 15*2 — the theoretical value is 15*7. The mol. wt. calculated by E. Beck- 
mann from the dejiression of the f.p. of molten mercuric iodide agrees with Hg2To, 
H. V. Ib'gnault’s* value for the specific heat bidween 17° and 09“ is 0 0395 ; and 
E. Goldstein gives forYhe molecular heat 6*4. 

The heat of formation from solid mercury and iodine is (Hg, 1) 23*8 ('als., 
according to M. Bi'rthelot ; 24*22 Gals., according to J. Thomsen; and from 
li(juid mercury and solid iodine, according t-o R. Varet, 28 85 Cals, for the yellow 
amorphous solid ; 28*55 Gals, for the greenish-yellow ; and for the yellow salt 
from liijuid mercury and solid ycdlow mercuric iodide, 6 65 Gals. The free energy 
of formation at 18° is —26*8 (Vila, calculated by M. de K, Thompson J. Tlnmisen 
also gives (lIgNO;},iq., Klaq.)— 21*26 Cals. ; (Hg^O, 2HJgftj<), 86 68 (’als. ; and R. Varet, 
HgoCpnMipitali'd ['‘^ilI.'«()lii."^'“IIn^yellow‘f'49 2;) Gals. 

A. des Cloizeaux reported that imTcurous iodide crystals exhibit a strong 
positive double ndraction, and J. A. Wilkinson found the salt exhibits a 
reddish-brown or orange lluorescence. A. L. Hughes has studied the photo- 
cR'ctric eft'eef. S. Bugarszky measured the free energy of the reaction : 
2HgGUid f ‘^KTsoin ^-2HgIyenow+2KCUn. from the e.m.f. of the cell Jig | HggClg, 
yJ,vV-1vC1 I A-KNO 3 I Hg2loyeHowHg, and found for temp. 0°, 18*5° 

and 43*4°, the respective values €=0*3131, 0‘.‘}086, and 0*3117 volt : de/dT 
0*(KX)27. The free energy is therefore 7134 cals., the bound energy 1819 cals., 
the total energy 8953 cals. ; and the observed value of (^=9310 cals. For the free 
.(uiergy of the reaction : 2HgClaond+2KLoin.=^2HgIpeeni8h-yeiiow+2KCl„oin., from the 
e.m.i of a similar cell with greenish-yellow mercurous iodide substituted in place 
of the yellow salt, for temp. 0", 18*5°, and 43*3, the respective values €=0*3131, 
0*.‘i083, and 0*3017 volt ; dc/(/r= -0*000265. The free energy is therefore 7127 
cals., the bound energy 1786 cals., the total energy 8913 cals., and the observed 
value of Q, 9160 cals. Hence, owing to the agreement between the free and bound 
energies with the yellow and greenish-yellow salts, it is inferifM that these two forms 
of mercurous iodide are chemisch id<'ntisch. S. Bugarszky also gives for the energy 
of the rea(?lion i Hg2(C2H302)2.s(>nd~h2KIgoin.~Hg2l2yenoVF“f'2K(C2H302)join * calcu-* 
lated from the cell Hg | Hg2(C2H302)2, iV-KC2H302 | A-KCsHaOj | yJoN-KOH, 
Hg20 I Hg, whvre he found for 0° and 18*5° the respective values €=0*4498 and 
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0*4277 volt ; and dc/df*:— 0*09118, the following values : free energy, 9883 cals. ; 
bound energy, 7951 cals. ; total energy, 17834 cals. ; and Q obaervtMls^l 7,275 cala, 
P. Braun estimates that 41 to 50 per cent, of the heat of formation can be transformed 
into electrical energy. 

R. Varet ^ says that highly purified merciirous iodide is very litth* changed when 
kept away from light ; but. according to W. Artus, when mercurous iodide is 
exposed to light, it becomes dark green and finally black, but these changes occur 
only if the compound is moist, and he adds that no iodine, is then evolved, but 
hydrogen iodide is given off, and therefon' mercurous oxide is probably formed ; 
and, according to J. Inglis, when kept a few weeks in vessels containing air, in dark- 
ness, mercury and mercuric iodide are formed in dentritie excresotmces — ho adds 
that the decomposition, however, does not take place mider water. J. M. Kder 
says that mercurous iodide blackens in light even if oxygen and n\oist tire are excluded, 
and he wTongly supposed that merciirosic iodide, Hg^ls. is formed. P. Yvon 
exposed crystalline mercurous iodide for eight years in a Hask closed by a sheet of 
paper, and found it had become almost black ; the blaekened iodich* had lost 0*44 per 
cent, of nuTCury ; anti some crystals of rod mercuric ioduh' collected in the upper 
part of the flask. A. !:5troman found that the preci])itated salt is more sensitive 
to light than the crystalline salt. 

A. Mailfert found ozone converted mercurous iodide into an oxy iodide. By 
heating a mixture of nuTcuric oxid(‘ and mercurous iodide obtained by dropping 
alcoholic potassium hydroxide into a boiling Alcolu)lic soln. of mercuric iodide, with 
water in a sealed tube at IfiO' for 80 hrs., and floating off the unchanged nn'rouric 
oxide and mercurous iodide, I*". Fischer and H. von Wartenherg prejiarcd brownish- 
red rhombic, ])latesof tetramercurous trioxyiodide, dllgO.Hgl, wliidi, when heated 
in an open tube and when treat'd with acids or alkalies, behaves like a mixture of 
the primary constituents. .# * . 

According to F. Laboure, when m<‘r<'urous iodide is suhliined it is resolved into 
metallic mercury w'hich collects at tin* to]), and a greenish-yellow sulilirnato below 
—he wrongly supposed that mercurosic iodide, Ifgols, is formed ; 1*. Yvon says 
that wlien heated very quickly an oxyiodide, ()Hg0.7Ugl2, sublimes ; while 
A. Stronian, and M. Frainjois say that mercurous iodide cannot he melted without 
decomposition, and that a mixture of mercury and mercuric iodide is formed aa a 
sublimate, leaving a residue of mercurous iodide. M. Fran^’ois found that mercuric 
and mercurous iodides in the mol. jirojiortions 2 : 1 can be melted without deeomjiosi- 
tiou. 

According to M. Saladin,« KH) c.c. of water dissolve less than ()042 grm^of 
mercurous iodide. G. Bodlandcr estimates the solubility to be 2 ()Xl0 ®; 
M. S. Sherrill, 3x10-10; and J. F. Spencer, 3xKr3. There, is mrobably some, 
hydrolysis of the iodide, the solubility product fa J is 1*« X 10 . According 

to S. Schlesinger, concentrated nitric acid decomposes it into mercuric iodide and 
nitrate which crystallize as a double salt or mixed ci^stals on cooling. M. Fran9oU 
found a soln. of mercuric nitrate enters into a reversible reaction, forming mercurouB 
nitrate and mercuric iodide, Hg{N03)2-f2HgIiF=i2HgN08'f Hgio- According to 
E. Riegcl, sulphuric acid at ordinary temp, has no action, but, acc^irding to 
A. Souville, when heated it forms a double salt, HgSOi.Hgla ; and he symbolizes 
the reaction : 2Hgl4-2H2S04=Hgl2.HgS04-{-S02-f-2H20. Hydrogen chloride was 
found by P. Hautcfeuille to decompose mercurous iodide but slightly if heated 
below the sublimation temp., while boiling hydrochloric acid slowly forms mercuric 
chloride and mercury ; according to E. Esteve, hydrocyanic acid first tran^orms 
mercurous iodide into mercuric cyanide, liberating hydriodic add : 2Hgl 4-2HCy 
=HgC}'24"2HI-l-Hg ; Che hydriodic acid then reacts with the liberated mercury 
reforming mercurous iodide. P. F. G. Bouilay found that a boilu^ soln. of 
ammonium or sodium chloride dissolves a little mercuric iodide, and a little 
mercury separates— L. Mailhe says the mercurous iodide is converted into mercuric 
chloride which dissolves, P, F. G. Bouilay and F. Labour^ found •that hydriodic 
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acid or an aq. soln. of a sohllile iodide— potAsium sodium, barium, calcium, 
maraesium, or me iodide — ^forms soluble mercuric iodide and metallic mercury. 
A. Stroman noted ttat potasdom iodide colours mercurous iodide green in the cold, 
and black when heated ; but, according to M. Francois, a dil. soln. of potassium 
iodide changes the green colour yellow, 2HgI-l-2KI^Hgl2.2KI+Hg ; the reaction 
is reversible ; similarly, with hydriodic acid, but if the acid be concentrated, there 
is a violent reaction between the hydriodic acid and the mercury formed in the 
early stages of the reaction.* No gas is evolved if the hydriodic acid be dil. more 
than 9714 grms. per 100 c.c. of liquid and there is a reversible reaction : 
2HgI-f HlAq.^Hgl2+Hg-f-HIaq. The hydriodic acid dissolves mercuric iodide and 
the soln. attacks the liberated mercury. For equilibrium, 1(X) c.c. of liquid contain 
in grams : 

HI . 1-142 2-214 4-062 8272 16 167 28682 49 807 67 099 

Hgl, . 0-3406 1-2485 3518 8853 20 815 47 670 91 559 118-720 

F. .lander found mercurous iodide is more soluble in soln. of amm onium iodide 
than in water---if be the solubility in water, and S the solubility in a soln. of 
ammonium iodide with 0‘1, 0*25, 0*5, and 1*0 mol per litre, S~Sq is respectively 
0*0492, 0*131, 0*236, and 0*549, and the ratio of the cone, of ammonium chloride to 
(S— aSo) lii'H bidween I H and 2 0. It is thought that the soln. contains the complex 
HgToNlLI or NH4}lgl3. Similar results were obtained with soln. of potassium 
iodide by R. Abegg and F. .lander. According to M. Fran9ois, 20 c.c, of a normal 
soln. of potassium iodide with 6*54 gnus, of potassium iodide are in equilibrium when 
the soln. lias 2'38 grins, of mercuric iodide and the mercurous iodide becomes green ; 
with 20 c.c. of the potassium iodide soln. and 2 grms. of mercurous iodide at 20®, 
all is convi^rted into mercuric iodide and mercury. According to E. C. Franklin 
and (a A. Kraws, mercurous iodide is very easily soluble in lujuid ammoni&. 

G. C, Wittati'in founb it to dissolve in aqua ammonia, h-aving a grey residue — 
probably globules of mercury ; and M. Francois says that it transforms mercurous 
into mercuric iodide, and finally, according to 11. Saha and K. N. (.’houdhuri, into 
white nu^rcuric diamrnino-iodide, Hgl2.2Nll3. M. Franyois also noted that aqua 
ammonia or alkali-lye transforms mercurous iodide into a green mass, which then 
blackens, and the corresponding iodide of aninionium or alkali is formed. 
0. F. Kammelsberg obtained what he regarded as dimercunammonium iodide, 
Hg2Nl, from the mother liquid remaining aft^T aqua ammonia had been allowed to 
act on mercurous iodide. Jl. Behrend found that uK'rcurous ioduh' is but slightly 
affected by dil. aqua ammonia, and he measured the c.in.f. of ammonia soln. in 
contact with this salt. 

M. Snlatlin ,sai(i that mercurous iodide is insoluble in ethyl alcoh)l ; H. Maelagan says 
it is not (juito in^luble therein, and M. Franyois says that boiling alcoiiol forms mercury 
and mercuric iodide until there is present 0-220 grm. of mercuric iodide pep: lOO grms. of 
alcohol when the system is m o(|uilibrium, for tho reaction is reversible. H. Saha wid 
K. N. Choudhuri report that melhyl eUcoliol forms no mercuric iodide. Unlike mercuric 
iodide, says M. Fran 9 ois, mercurous iodide is insoluble in cold ether, but H. Maclogan adds 
that it is not completely insoluble in this monstmum. Mercurous iodide is slightly docoin- 
posed by chloroform. J. H. Mathews foimd the specific conductivity of a sat. soln. of 
merctlrous iodide in allyl rmigtard oi/ to bo 4 '3 X 10'* at 25'*. J. W. Ketgers says mercurous 
iodide is virtually insoluble in tnethylene iodide. M. Francois found that mercurous iodide 
is decomposed by phenol, with which it reacts reversibly ; similar remarks apply to 
aniline. 
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§ 2 ^, Mercuric Iodide 

Mercuric iotlide oxiats in two formn — red and yellow. It oocurw in nature aa 
the mineral coccinite, reported by A. del Rio ^ in reddwh-brown particIoH in eome 
mercury ores at Cases VieiM (Mexico), but A. del Castillo has staWd that the 
specimens labelled by A. del Kio contained no iodine. There is, thendore, some doubt 
about this mineral, J. Domeyko described sonic mineralcs de pUila cltrrojodurctdat 
inerctiTxales from Caracoles (Chili) with lO o to 13*96 per cent, of iodine ; 6*3 to 
13*65 per cent, chlorine ; 9*2 to 2^) 5 jier cent, of mercury ; and 16*9 to 40*65 per 
cent, of silver. • • 

The preparation of mercuric iodide.~B. Courtois ‘prepared vermilion>coloured 
mercuric iodide by agitating the two elements together in the cold. I*. N. Vauquelin 
made it by triturating the two elements moistened with a little water. 
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J. B. Berthemot made mercuric iodide by triturating together mercury and iodine 
in atomic proporticJns, Hg : I=I : 2. According to F. Mohr, the combination is not 
complete because free iodine and mercurous iodide are formed. The union is more 
complete if water or alcohol be present ; if too much alcohol be employed, the 
temp, rises, the mass fuses, and some iodine is evaporated. J. B. Dublanc recom- 
mended pouring a kgrm. of alcohol on KXJ grms. of mercur}^ ; adding 124 grms. of 
iodine in successive portiorfs of 10 grms. ; and agitating the mixture aft(‘r each 
addition until the alcohol becomes colourless. The alcohol remains coloured after 
the last addition of iodine because all the mercury is then converted into mercuric 
iodide. The red product is washed with alcohol and dried. 

L. N. Vauquelin made the same salt by triturating iodine with mercurous oxide, 
mercurous nitrate, or mercuric nitrate — some iodate is said to be formed in the last- 
named reaction. 

When a soln. of mercuric chloride, nitrate, or acetate is mixed with an aci. soln. of iodine, 
C. F. Schilnboin noted that a pt'culiar compound with mercury is formed- possibly a hy|M)- 
iodito — With the characteristic smell of iodine, and the reaction with Stanih no longer appears. 
E. Schaor observetl a smular result with chlorine and bromine w afer, 

X. Landcrer used mercurous chloride ; M. C. Sc)iuyt(*n, mercuric chloride ; 

E. Soubeiran, menutrous iodide, or mercuric cyanide ; and J. Schroder used 
mercury or a mercurous salt and washed the jiroduct with jiyridine — mercurous 
sulphate and chromate do not react with the iodine satisfactorily, (h F. Rammels- 
berg boiled mercuric oxide with iodine and watt'r^ F. Granip heated mercuric 
chloride with iodine in a si'aled tube at 250"' for 6 hrs. ; E, Soubeiran heated 
mercurous iodide with arsenitt iodide when the latter compound is n‘(luc(‘d to arsenic. 
According to E. V. Perman, if the mercuric chloride and jiotassium iodide be finely 
jiowdered, and fliorot'ghly dried over phoH])horus pentoxide, the red coloration 
indicating tlie formation of mercuric iodide does not appear. 

When m(‘rcury is treated with hydriodic acid, men urii'. iodide is formed and 
hydrogen evolved ; and, according R. S. Norris and F. G. Cottrell, this more 
readily than is the case when mercuric bromide is fornu'd by the action of hydro- 
bromic acid on mercury. P. F. G. Boullay made mercuric iodide by precijiitation 
from aq. soln. of mercuric nitrate or chloride with hydriodic acid, or a soln. of 
potassium or ferrous iodide and washing the product with wuUt ; he added tliat 
unless the materials are mixed in eq. proportions, part of the mercuric iodide remains 
dissolved either in the excess of mercuric salt or the potassium iodide. 

11. Kolilor also recommended suspending 10 gnus, of iodine in water, end luldmg pon 
filings until all the iodine is changed to ferrous iodide ; tlii.s soln. is immediately poured into 
One contamink 10 75 parts of meicurii: chloride. The precipitated mei curie iodide la 
rapidly separated from the mother liquid to avoid contamination with iron ox> chlorides. 
The procipitato is washed with cold wati'r and recrystallized by coolmg a soln. of the salt 
from a hot soln. of potassium iodide or liydrochloric acid. The red lustrous crj’Htiils have a 
greenish rolloction. 

M. Francois treated mercury with a soln. of iodme and potassium iodide. 

F, R. Williams made merciu-ic iodide by precipitation from a soln. of four parts of 
mercuric chloride and two parts of ammonium chloride by five parts of potassium 
iodide. W. Sievers boiled a soln. of mercuric nitrate with iodine. C. F. ^hlagden- 
haufien heated mercuric chloride with ethyl iodide in a sealed tube at 100° ; 
F. Bodroux agitated an aq. soln, of mercuric acetate with methyl iodide for 12 hrs. ; 
M. C. Schuyten exposed a mixture of mercuric chloride and methyl iodide in ethereal 
soln. to sunlight and found mercuric iodide was quantitatively precipitated. E. Rupp 
and S. Goy treated a soln. of mercuric oxide and cyanide with potassium iodide ; 
and W. (A de Coninck treated a soln. of potassium c.hlorocyanomercuriate with 
butyl iodide. A. Ditte treated a cone, aq. soln. of iodic acid with merci^ and found 
that the resuRiug mercuric iodide is mixed with some iodate. C. Frankel recom- 
mended purifying the salt by recrystallization from a boiling soln. of cone. 
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hydr^hloric ^id, and waahing the product v?ith cold water. J. Preuss, and 
E. Riegel studied various methods of preparing this salt. A. Ldltormoser prepared 
colloidal soln. of meR'uric iodide by the artu)n of a soln. of iodine on colloidal 
mercury ; and J. Ilausmaun studied the formation^ of mercuric iodide in sobi. of 
gelatine. 

j' P’ * tteserilxHi what he riYardtHltas wn (h uuircurt loirr- 

tnediatre, formed by addinj; a soln. of potassuun iodide or li>dnodie m’ul U) meroviroiiH 
nitrate, arid not collecting the prtx'ijntute until the colour hiw changed to vi'llow ; and also 
by dis^lvuig in a soln. of pota.s,Mum iodide an amount of lodint' .xp to half that eontauied in 
the salt, and addmg the soln. to one of mercurous nilrato 'I'he nxl piwipitat^* lii^st foniuHi 
l>ocomc.a yellow on agitation. If too much iodine soln. has Ihhui a<liled, mereurio io<lido w 
formed, and this may bo rcmovtxl by wasliiiig with alcohol. J. M. Kder also suuj>o««.xl this 
salt ia formed by the action of light on moist mort'uroua iodule. J. J,. (lay Lussae and 
J. J. Colin supposed the yellow product to bo mercurous iodide, but J. Inglis, 1* F (1. lloulluy, 
etc., showed that it contains more io<hi)o than mercurous uidule, und 1'. F (1. Moullay rcgardi'd 
it as tTiercurosic iodide, Hg,l,. M. Franyois, Iiowcmt, shuued that the prodiK’t is roally a 
mixture of mercurous ^d mercuric lodide.s \Nhich oaii bo 8oparu(.c*d bv evimetion with 
ether. , 

The prope^es ol mercuric iodide.--In im E. MiiHchcrlidi » d. inonsimfed 
that lucrcunc iodide exists in two allotropic forin^i a red tetragonul form wlncli 
i.s stable and is obtained by crystallization from sola, at ordniurv bnuji ; ami a 
yellow rbombie form whieli is not stable and i.s obtained bv snbliinal ion or Ity <‘ryslal- 
lizatiou from tlu^ molten salt.^ According to W. (J. JiUezizky, the u.xiul ratios of the 
yellow rhombic crystals are a\ h : c -0 OlMISS : 1 : I TStKl ; and of the red tetragonal 
crystals a : c- d : 20080. E. Taiibert, T. (Iroth, W. C. Lue/.izky, 11. Kohler, 
E, Mitscberlich, and A. Oj»|M'nheim, liave obtained ditetragoiial bipyramidal i rystals 
of dillerent habits from hydrochloric acid, methyl und ethyl aleolmls, uc'ebme, allyl 
iodide, benzene, ek., and a(j. soln. in presence oi im*reurie I'lTloride or liromide, or 
potassium iodide. According to P. Gioth, the crystals from bmizmic or potassium 
iodide soln. are normally uniaxial, but from acetone soln the crystals are for the 
most part anomalous in appearing biaxial. J. 11. Kasth* found that at I'.IO ' the rt'd 
vari<*ty hecomes orang(!-yellow, and the red form is white, J. Dewar found that in 
liquid air, red mercuric iodide is yellow, and in liipiid hyilrogen wliite the original 
Colour returns when tiie. atm. temp, is restored; J). DobrossenlotT found that wht*n 
cooled by solid carbon dioxide, red crv.stalline mercuric. iodid<‘ becomes yellow, 
and he stated that the change is due neither to di.ssoeiation nor to modilieatious 
in the structure of the mol. 

The yellow crystals obtained hy sublimation may retain their yellow colour 
when cooled, or tiny may become scarlet-red, J( the yellow colour is retaim'd, the 
red colour is very quickly resuiiKMl when the crystals are mechanieally’ agitakd hf 
rubbing, stirring, or scratching with a pointed instrument. The jiart so treated 
becomes scarlet, and, according to A. A. IJayes, “ this change of colour extends 
W'ith a slight motion throughout the wliole mass of adhenmt crj stals as if the mass 
were alive. During this change the crystals retain their form unchaug(‘d and are 
therefore pseudomorphic ; and K. Waringtou added that under the microscopo 
the red coloration extends through the yellow plates by sudden starts, and is 
bounded by a line parallel to a lakral face or to a diagonal. C. Strzyzowsky has 
also examined the formation of mercuric iodide inicroKcopieally. W. W, Mather 
noted that the fused mass exhibits a red colour iiumediak'ly afkr solidification, 
but very rapidly turns yellow. The same crystals turn yellow every time* they 
are heated and red again on cooling. On cooling, however, the crystals may 
remain yellow for sevefal days, W. Spring also nokd that proRH. transforuu* 
yellow mercuric iodide into’ the red variety. G. Taimnann prepared a colourless 
modification of mercuric iodide by heating mercuric iodide to 3fK)' -WXJ* in a long 
glass tube connected with a receiver in which the press, can bo suddenly reduced 
from one to one-tenth atm. The colourless snow-like mass so obtnined becomes 
pink in a few seconds, and red after some minutes. If the receiver is cooled to 
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a low temp, the white form persists longer. Yellow mercuric iodide appears white 
if cooled to the tefiip. of liquid air, but this white form is not identical with the 
other. 

A. Oppenheim first determiped the trauntion temperature by heating the iodide 
in capillary tubes. He found 148®-154^, and added that the result is dependent 
on the quantity of substance employed, and on the diameter of the capillary. He 
regarded 148® as the most *probable value. H. Kohler gave 150°. W. Schwarz 
showed that the transition point is 126*3® ; G. F. Rodwell and D. Gernez gave 
126° i A. Smits, and A. Steger, 127® ; W. Reinders, 127*2° ; J. S. van Nest, and 
C. Sandonnini, 128® ; J. Guinchant, ISC'" ; and M. Padoa and C. Tibaldi,’ 131’9®. 
Consequently, at normal press., the yellow variety is stable above 128®, and 
the red form is stable below 128®. The red in general changes to the yellow form 
8hari)ly on passing through 127®, but on cooling the yellow colour may persist for 
several hours, showing that the red form cannot be much superheated, but the 
yellow form can be considerably undercooled. The transformation from yellow 
to red nuircuric iodide proceeds very quickly in ])re8ence of a crystal of the red 
variety. W. Schwarz noted that the transformation tem*p. is raised 1‘1® by a 
press, of 100 atm. According to W. Reinders, the transition temp, is lowered by 
admixture with mercuric bromide as illustrated in Fig. 25 ; and, according to 
M. Padoa and C. Tibaldi, by admixture with mercuric chloride. A. Steger found 
the transition point is raised from 127® to 132® by silver iodide. 

P. W. Bridgman studied the effect of press, on the transition point of mercuric 
iodide, and found that it rose to a maximum when tSc press, approximates to 50(W 
_ kgrms. per sq. cm. as illustrated in Fig. 24, and in 

Table X. The latter also shows the change in vol., 
^ ^ iu c.c. per gram in passing through the transition 

I i^d ! - . - ^ A point ; the change in the transition temp, per unit 

Ig \ change of press. dTJdp; the latent heat in kilo- 

^ fQ(j‘ A grammetres per gram; and the change of internal 

I \ energy in kilogrammetres per gram. 

^ ^ \ According to W. C. Luezizky, light yellow crys- 

^odd~^odd~ jFooo tals of approximately Hgl 24 - 2 HgBr 2 are obtained 
Pressure i(il^nn.persq,cm. slowly cooling a soln. of mercuric iodide in a warm 
Fio. 24. — Effect of Pressure sat. soln. of the bromide, the axial ratios of the 
crystsls ftro 0 : 6 : c=0-6782 : 1 : 1-7878 ; and from 
° a soln. of Hglj+BHgBr., crystals of the composition 

Hgl2.2JHgBr2 with axial ratios o ; 6 : c=0*6718 : 1 : 1*7222 are also formed. P. Groth 
found a mixture with approximately Hgl 2 H-HgBr 2 has the axial ratios a\h\c 
fc=0*6443 : 1 :*1*8389. J. S. van Nest obtained an unbroken series of yellow mixed 


Table X. — Effect of Puessube on the Transition Point of Mercuric Iodide. 


Prcaauro, 
KllograuM per 
aq. cm. 

Triuisltlon 

Temperature. 

hv 

o.c. per gram* 

dTIdp. 

I.Atent boat in | 
kJlograminetreB 
per gram. j 

1 Change of 
Internal energy 
in kUogram* 
metres per gram. 

1 

127 0" 

0-00342 

00267 

0-613 

0-513 

1000 

1498" 

0-00217 

0-0187 

0-491 

! 0-469 

2000 

166'2" 

0-00127 

0-0122 

0-466 

0-431 

3000 

174-9'’ 

0-00066 

0-0069 

0-420 1 

1 0-400 

<4000 

179-9" 

0-00024 

0-0028 

0-390 

0-380 

6000 

181-2" 

-000008 

-0-0010 

0-366 1 

0-369 

6000 

178-2" 

-000045 

! -0-0069 

, 0-346 I 

0-372 

7000 

169-7" 

-0-00100 

; -00134 

0-330 1 

0-400 

8000 

152-4" 

-000175 

-0t)234 

0-318 

0-468 

9000* 

122-3" 

-000270 

-0-0361 • 

0-296 i 

0*639 

0500 

102-4" 

-0-00325 

-0 0427 

0-286 

0*694 

10000 

79-4" 

' 1 

-0-00390 

-0-0496 

0-278 

0-668 
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orystals wth up to 97 per cent, mercuric iodide ; while if leas tbnn 3 P*'*' cent, of 
merciuic bromide be present, only red crystals are formed, * Ked mixed crystals 
r up to 60 per cent, mercuric iodide. W. lleinders and 

r. JNiggli also obtamed an unbroken series of yellow rhombic crystals by cooling 
w T 3 * The fusion curve corresponds with 

^ orro B curve Type III — men uric bromide fuses at 236*^, the iodide 

at 2oo , and the minimum with about 41 j>er cent, ‘of mercuric iodide at 216 7®, 
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J. S. van Nest’s curves for binary mixtures of mercury bromide with the iodide and 
chloride are shown in Fig. 25. 

The transition point of the yellow U) red form is lowered hy admixture with 
mercuric bromide as illustrated in Fig. 26. The effect is representt'd by two curves 
between which lies a transition mferval so that on one 
side only the a- or red crystals, and on the other side 
only the )3- or yellow crystals, can exist. The fall of 
the curve is so very steep that the corresponding tran- 
sition point for mercunc bromide, if it exists at all, 
must be below —8^3°. The yellow mixed crystals are 
also more slable at ordinary temp, than is the case 
with the yellow iodide alone, and this the more the 
larger the proportion of the bromide, as was observed 
by N. 8. Kurnakoff and P. P. Ejler, and by G. Bruni 
and M. Padoa. 

There is not so complete a scries of mixed crystals 
between mercuric chloride and iodide as between the 
bromide and iodide. M. Padoa and C. Tibaldi obtained 
a V-shaped f.p. curve with a minimum at 145° with 48 per cent, of mercuric iodide. 
There is a gap in the series of mixed crystals with betwwin 50 and 70 per cent, of 
mercuric chloride. TI* mixed crystals are red at ordinary temp., excepting only 
those with 1*3 molar j>er cent, of the iodide. The low<*ring of the transition temp, 
with the chloride is not se great as with the bromide. The mercuric*halide8 are 
i8otrimoq)hou8 in that they present three crystalline fonns : (i) the rhombic form 
of the chloride — ^not isomorpnous with that of the bromide ; (ii) the rhombic form 
of the bromide ; and (iii) the tetragonal form characteristic of the red iodide. The 
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Fio. 26. — Effect of Mer- , 
curio Bremide on Uie 
'J'ransition Tomptjrature 
of Mercuric Iodide. 



906 


INORGANIC AND THEORETICAL CHEMISTRY 


bromide crystaUizcs with the chlorjdc in the firtjt form, and with the iodide in the 
8ecx)nd and third foruis. A. Steger prepared mixed crystals of mercuric and silver 
iodides by melting and solidifying mixtures of the two salts. There is a gap in the 
series between 5 and 20 mols. per cent, of silver iodide. The mixed crystals with 
up to 5 mols. per c(!nt. of silver iodide ate of the rhombic mercuric iodide type ; 
and thowj with upwards of 20 mols. per cent, are of the regular silver iodide type. 

0. Wyroubolf wrongly 8u{)po8ed that the red and yellow iodides furnish each 
its own (iharacte.ristic vapour, and that the vap. densities of the red iodide is greater 
than that of the yellow. It was thought that yellow mercuric iodide is formed 
by rapid (undensation of the vapour, but that if the sublimation occurs at a low 
temp, red crystals may bo obtained. D. Gcrnez has shown that in every case it is 
very probable that the yellow form is lirst deposik'd and that this subsequently 
becomes red. D. Gernez observed that even when the red salt is vaporized, yellow 
crystals are first formed by condensation from the va])our at temp, as low as 25". 
M. L. Frankenheim noted that when a mixture of the red and yellow iodide is 
heated on a glass jilate and allowed to condense on another ])lat(fheld a short distance 
above, the* sublimat«5 is a mixture of lioth iodides. M. BiTthelot, howTver, does not 
regard this as proving the existence of red iodide in the state of vapour because 
solid particles of the n'd iodide are projected mechanically from the lower plate to 
the upper, and convert the yellow iodide condensed in their immediate vicinity 
into the ri'd. If either red or yellow mercuric iodide 1 h‘ vaporized m vacuo, at n 
relatively low k'nij)., and a cooler solid is introduced, vellow crystals are dejiosited 
if the surface be thoroughly clean, but if the solid has b<*(m ru))l)ed at one spot 
with a crystal of the red varady and a crystal of the yellow variety at another sjait, 
I). Gernez showed that red crystals an* deposikd on the former, and yc'llow crystals 
on the latter. • 

When a mercuric salt is treated with potassium iodide, a ])ale yellow precipitate 
separates out, and this immediately becomes scarh't-red. According to 
R. Warington, under the microscope, the precipitate which is first formed with 
mercuric chloride ajtpears to be composed of rhombic lamiiue, which are yellow^ by 
reflected light; these crystals gradually alter by the truncation of the (‘dges and 
corners as if they were dissolving, and their dimensions are n'duced until red sipiare- 
based octahedrons are produced. R. Warington, and M. Rerthelot also noted that 
if an alcoholic soln, of mercuric iodide be treated with wniter, or if a lutt sat. alcoholic 
Holn. be cooled, crystals of the yellow' ioduh' are formed. Acconling to L. Selmi, if 
an alcoholic soln. of mercuric iodide be poured into water, a yellow emulsion is formed 
from which yellow rhombic jilates scjiarate in a few' hours ; in agreement w ith the 
general behaviour of colloidal susjiensions, M. L. Frankenheim and others not(‘d 
that during the preci})itation of salts by alcohol, an unstable liquid phase is first 
formed, and from this the salt then separates. The emulsion is quickly flocculated 
by the addition of acids or neutral salts. L. Selmi also found sulphuric acid acts 
like water ; with nitric acid, yellow and red mercuric iodides are prcM-ipitated ; 
and with hydrochloric or acetic acid, only the red iodide. H. Schiff, and A. Reynoso 
also made observations on the separation of mercuric iodide from alcoholic soln. 
•It is probable that the yellow iodide is in all cases precipitated, and that the precipi- 
tate is more or less rapidly converted iiiW tlie red iodide in the presence of different 
catalytic agents. 

Analogous results have been reported with soln. of red and yellow' mercuric 
iodideiT in methyl alcohol (W. D. Bancroft, and R. Roliland) ; in methylene iodide 
(J. W. Retgers) ; nitrobenzene, m- and p-nitrotoluene, o-nitronaphthalene 
(L. Mascarelli) ; alcohols, hydrocarbons, hydrocarbon halidbs, ethers, esters, alde- 
hydes, ketones, organic acids and anhydrides, phenolamines, hydrazides, quinoline, 
pyridine {if. Gernez) ; allyl alcohol, amyl alcohol, acetonft, phenol, benzene, toluene, 
naphthalene, ^-cumene, ])ropionitrile, isopropyl or isobut)! bromide, ethylidene 
chloride, ethyl avid phenyl cyanides, benzoic acid, ethyl acetate, propionate, butyrate, 
4 -butyrate, iodide, or bromide ; propyl chloride, isobutyl bromide, methyl and 
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phenyl salicylate (J. H. Kastlc and M. B. Clark). E. Beckmann and A. Stock 
report that the soln. of mercuric iodide in chloroform is violet ; in benzene, red ; 
and in other, acetone, ethyl or juethyl alcohol, brown ; but the soln. are in general 
yellow and furnish yellow crystals when the hot sat. soln. is cooled ; the pink colour 
of certain soln.--e.^. with isobutyl bromide or propyl chloride— is attributed by 
J. H. Kastle and M. E, Clark not to the pr(*8ence of red mercuric iodide, but to the 
formation of unstable alkyl or similar iodides. Soln.* of mercuric iodide in molten 
naphthalene or spermaceti are colourless, but become yellow if rapidly cooled, and 
red if slowly cooled below the transition t<Mnp. 127'^. According to Liippo Cramer, 
the presence of gelatine in the sobi. favours the formation of tlo' yellow iodide; 
and W. Ostwald stated that when precipitated from al<*oholic .soln. in the presenep 
of a colloid, presumably gelatine, the yellow form of mercuric iodide can be pre- 
served a long tiim*. J. N. Friend also showed that in general protective colloids 
or organic emulsoids retard t)je velocities of chemical or physical reactions which 
involve a change of state in one or more of the components. For instane<‘, in the 
precipitation of ineKiiiric iodide from soln. of rnercurK* chloride and potassium 
iodide, the unstable j'ellnw form first preeijiitated rapidly as.suiiies the stable n*d 
form ; but in the jircsence of one per cent, of gelatine, there is a momentary forma- 
tion of colloidal iodidi;, and tin* canary-yellow precipitate which follows remains 
unchanged for half an liour. As iiidicatnl by W. Ostwald, K. Wi'ber, 11. SebifT, 
A. Reynoso, L. Seimi. etc., the change is accelerated hy exposure to light, 

L. Ma.scarel]i found only one value for the solubility with both the red and yellow 
iodides at a definite b'liip., hnd that the solubility curves are continuous between 
0“ and 230'’ without the ajijiearanei^ of any break at the transition jioini of the red 
to the yellow iodide. 1 fence it is inferred that the yellow form alone exists in sob. 
at all b'rrip The ycdlow form separates in all cases, but below t}j<* transition temp, 
the yellow form persists for a length of timo, dejienduig on tffi- distance of the U'mp. 
below the transition point. The yellow form of mercuric iodide wliieli separates 
by cooling, say, a soln. of this salt in amyl alcohol from to 118 ', begins to 
develop sjiots of the red iodiile m about 10 iniiiH. W. W. Alatln'r noted that 
j)ota.sh-lye immediately turns the y<'lIow iodidi' red. J. H. Kastle and J. V. Reed 
found the stability of the \ell(»w iodide to Miry greatly under dilTereiit Bolvents. 
As a rule, the stability luerenses with the vi.s<o.sitv of this solvent, and is greater 
under vaseline than under any other sidvent yet (‘.Yammed. In illustration, no 
change was observf’d afb-r staiKlmg U }ears under vaseline, the ehangc began 
under glycerol in 1 to .”> week.s , and uruler amyl aleobol in lU mins. W. Reinders 
also noted the slowness of the change from yellow to red when in contact with 
viscou.s liipiids. This is in agrei'ineiit with general experiemc that chemical and 
physical changes are slow in vis* mis solvents. J. II. Kastle and J. V. Kccd also 
found that soln. of mercuric iodide m naphthalene sat. at HO® yield no solid when 
cooled to ; the supersaturated soln. is not usually affected by adding a crystal 
of the red iodide, but a crop of crystals of the yellow iodide are obtained when the 
sob. is seeded with a yellow crystal ; other substances— €,7. powdea'd glass, gypsum, 
or dolomite — also lead to the 8<*]>uralion of yellow crystals. Where a red crystal 
does cause a precipitation from yellow sob., yellow crystals are produaid. 

It almost seems as if the red iodide is insoluble in organic solvents and that the 
red iodide forms the yellow variety before it dissolves, as is evidenced by the slower 
rate of sob. of the red variety in naphthalene. W. Ostwald has stak'd that he 
considers there is no difference fietwecn the gaseous and liquid stat^is of aggre{;ation 
of different allotrojiic forms of a sobd ; the vapour of red phosphorus is identical 
with the vapour of ytWow phosphorus ; a sob. of rhombic sulphur in carbon 
disulphide is no different from a sob. of the monoclinii; form ; and different 
forms of many salts are obtained from under-cooled soln.- ^^y. nickel sulphate — 
by introducing a fragment of the correspondbg crystal. (Consequently, physical 
isomerism occurs exclusively with solids, and disappears when 'the substance 
assumes another state of aggregation. So also with mercuric iodide, the same 
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•oln, ifi obtained whether the red or yellow iodide be used at the start ; and similarK- 
b,]bo with the vapdur. This idea can be symbolized ; Hgl 2 ga 8 T=^Hgl 2 iiquia^‘ 
^S^2yeIIow $(dld^^hnd aolld‘ • 

J. H. KsstJc and M. E. Clarjc say that the separation of the yellow iodide from 
soln. appears to indicate that the transition temp, is lowered by the solvent ; but 
the precipitation of the less stable yellow form of mercuric iodide from soln., or 
from supersaturated soln., err its formation by double decomposition, is usually 
cited as an illustration of W. Ostwald’s generalization that w^en a substance leaves 
any state and passes into another more stable one, the one actually product is not 
the most stable one under the existing conditions, but the one which can be reached 
with the minimum loss of free energy. For example, of the two possible forms of 
mercuric iodide the yellow less stable form is the first to appear during sudden 
precipitation. The theory of the allotropic states of mercuric iodide has been 
discussed by A. Smits, G. Tammann, M. Hasselblatt, etc. 

The reported values ^ for the specific gravity of red mercuric iodide vary from 
H. Schili’s 5‘91 to J. S. van Nest’s 6 2939 (20‘’) ; the latter gave 6 282 (20'^) for the 
yellow iodide. F. W. Clarke’s value for the mean of seven d'eterminations is 6*231. 
According to G. F. Rodwell, the sp. gr. of the red iodide; at 0° is 6*2972 ; and at 
126°, 6*276 ; the sp, gr. of the red iodide at 126° is 6*225 ; at the m.p. 200°, the 
sj). gr, of the solid is 6*179, and of the liquid, 5*286. K. Beck gives 5*34 for the 
sp. gr. of the liquid at 258° ; and E. B. H. Pridoaux gave for the sp. gr. of the 
liquid at a temp. 6 between 255° and 355°, 5*238-0*00322 (^—255). W. Biltzgave 
72*2 for the mol. vol. of yellow mercuric iodide, assufning the sp. gr. is 6*297 (0°). 
A. Keis and L. Zimtncrmami gave 2*0 for the hardness on Mohs’ scale. The 
coefficient of cubical expansion from 0° to the transition point 126° was found by 

G. F. Rodwell toJbe 0*0(XX)344706 per degree for the red iodide ; and for the yellow 
iodide from 126° to 21)0°, 0*0001002953 per degree. P. W. Bridgman gives the 

change in the coeff. of thermal expansion 
with press, as —0*000038 at a press, of 
one kilogram per sq. cm. ; —0*000036 at 
2000 kgrms. per sq, cm. ; +0 000020 at 
6000, +0*00(K)23 at 8000, and +0*000021 
at 10,000 kgrms. per sq. cm. The 
changes in volume which occur between 
0° and 200° arc illustrated in Fig. 27. 
According to W. Reinders, the change of 
volume at the transition temp, is 0*00135 
c.c. ])er gram, and to P. W. Bridgman, 
0*00342 per gram as indicated in Fig. 27. 
The change from yellow to red, during 
the cooling of mercuric iodide, is accompanied by distinct crackling sounds. 

H. V. Rognault « found the specific heat or mercuric iodide between 18° and 99° 
to be 0*0420 ; W. Schwarz, between 22° and 131°, 0*0413 ; J. Guinchant found 
0*0406 between 0° and 100°, and for the fused salt, 0*0554 ; and H. Barschall 
found between -72*5° and -183*3°, 0*0376 ; and between -78*2° and -183*3°, 
0*0370. At atm. press., the yellow iodide has the largiT sp. ht. J. Guinchant 
gives the difference as 0*0040 cal,, but, according to P. W. Bridgman, as the press, 
increases the difference becomes less. E. Goldstein found the molecular heat to 
be 6 * 4 , and at low temp, down to — 183*3°, 17*0. When the iodide is heated above 
the transition temp, the yellow colour gradually darkens, and just before the m.p. 
is attained the solid becomes a deep reddish-brown. According to G. F. Rodwell, 
the melting point of the solid is 200°, and, according to A. Oppenheim, 238°, but 
more recent measurements show that these numbers are much too low — R. Waring- 
ton, and T. Camelley and W. C. Williams gave 238° to 238 1° ; E. Beckman, 250° ; 

H. Kohler, 25,3° to 254° ; C. Sandonnini, and M. Padoa and C. Tibaldi, 254° ; 
W. Reinders, 255*4° ; and A. Smits, 255*5°. J. S. van Nest gave 245° for the m.p. 

< « 
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of the yellow iodide, and 243® ^or the red imlide. When heated slowly, the yellow 
colour gradually changes to oran^, wiihouf a change in tho erysUllmo form, as 
the temp, approaches 200®, and the molten liquid w dark rt'd. By extraimlation, 
F. M. G. Johnson estimated the boiling p<Wt to Im’ Sf)!®. The rolour ol molten 
mercui^ iodide is very like that of bromine. A portion of . 

A. Braits’ equilibrium diagram is shown in Fig. 28, The 
colour of red mercuric iodide ])er8i8ts from to 
because the mols. of the nnl iodide predominate ; at the \ Nv ^ 
transition point, 1 % to iSj, there is a change, st) that the \ \. 

red mols. preponderate ; the. change to orange is atten»le«l \_-J^ 

by a gradual ineroase in the proportion of red mols , ^ • 

and at the m.j)., SSq, the red mols. again preponderate ^ 
and form a red liquid. The in.]), of the yellow iodide / 

is re])re8ented diagrammatically at /I. ^ / I 

K. Beck found the viflOOSity of molten mi'reurie iodide g k| 
at 2r)8® to be 3 963 twat<‘r at 25” unity). Aeeording to 
P. W. Bridgman, tnc coefilrient of compressibility is ^ 1 5 

()’(X)0(XK)33 c.e. per gram per kilogram per aq. cm. 

N. S. Kurnakoif and S. F. S('heintsi*hu«*hny give th(‘ flow 
pressure as 67 8 kgrms. per sq. mm. Aeconling to 
E. Beckmann, the latent heat of fusion per gram is 

12‘4cal8. ; J. Gu inchant gave 9‘79 Cals, at 2r)0”. A)‘cord- , .i 

ing to E. Beckmann, the molecular weight oomi)Uted 

from the lowering of the f.p, of iodine is 463 when the Fm, 28. - Dui^rammatio 
value calculatcl f„r Ilgl, » IM, .T TimnM.ru, anna 
obtained higher values indicating a jiartial association an(>/i-IlgT,. 
of the mol., but E. Beckmann ascribes this U) the uw‘ of 

too high a value for the freezing constant of iodine, F. (larelli ami V. Bassani find 
mercuric iodide has a normal mol. wt. wlnm (hdermined by its action on tlie f.p. of 
methylene iodide. W. Herz and M. Enoch found that tlie raising of the b.p. of 
alcohol by mercuric iodide (‘orresjiomls with the normal mol. llgl^. H. Htiuner and 
J. Hchrdder found that in soln. of methyl aeetato the b p. met, hod corresponds 
with a mol. wt. 335 to 4()4'2~ in approximat** agreement with a 10 per ionisa- 
tion of the salt. M. Hamers found a mol. wt. of 4;)0-r) in ethyl acetate soln. ; 
A. Werner, 462 in methyl sulphido; 457 in ethyl sulphhle ; 474 in henzonitrilc ; 
and 408 in pyridine ; J. Schroder found a mol. wt. of 436 in pyridine soln.; 
and P. Walden and M. Gmtnerszwer say that in very dil. pyridim* soln. the mol. 


wt. is normal, and that it decreases slowly with increasing cone. 

According to C. Zenghelis, the vaporaation of mereiiric' iodide can be deteok^i 
at ordinary temp. ; V. Borelli also det^’cted it at 80^'. H Saha ami K. N. (.houdhuri 
found 2-435‘> grins, lost 0 0376 grin, in 12 hrs. at KK)" ; 0. Siilc found a loss of 
5'4 per cent, when the finely powdered salt is heated 6 lira, at lOl 5 , and If. Arctow- 
sky found that when heated 5 hrs. at 80”, the salt lost 0 06 ])er cent. ; at 103 , 
0*70 per cent. ; and at 130", 4 2 per cent. 'Phe vapouT pressure, p. from 100® to 
330° has been determined by K. Wiedemann, K. Stelzner, ami G.' Niederschulte, 
and their values below 177°, and F. M. G. Johnson’s values above this temp, are : 


Temp. 
V • 


100 " 150 " 177 “ 203 " 263 " 26 «“ 301 " 318 “ 341 * 

0023 0-79 30 100 730 108 260 390 624 


No change in the slope of the curve was observed by F. M. 0. Johnson at the ra.p., 
although W. Keinders noted such a (diange. Vap. press. measuremenU have also 
been made by A. Ditte, and by E. B. K. Prideaux. T. 0erne!h*y and W. 0. Williams' 
value for the boiling point lies between 339° and 359° ; W. Hittorf’s value is 368 . 
F M G. Johnson obtained 3!br at 760 mm. by extrapolation of the vap, press, curve. 
L. Rotinjanz and W. Suchodsky found the critical temperature to be 1072®, a 
result in agreement with the value 1077" calculated from T. E^. Thorpe and 
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A. W. Rucker’s formula. C. M. Guldberg’s ratio where Tj and 1 \ 

respectively denote the b.p. and critical temp, in absolute degrees. H. Rassow 
gave 797^ for the critical temp, of mercuric iodide. M. Prud’homme, and E, van 
AubeJ studied the relation between the critical temp., the b.p., and the m.p. 
According to F. M. 6. Johnson, the beat of vaporization is 15'84 cals., and, 
according to E. B. R. Prideaux, 14 '7 cals. ; and the corresponding values of 
Troaton^S constant Q/T are J5*47 and 23 5 respectively. According to W. Ram- 
say’s rule, b.p. at Ti and 750 mm. and at To and 450 mm., the ratio TijT^ is 
1*040 for mercuric chloride, 1*043 for the bromide, and 1 042 for the iodide. The 
molten salt heated in a large glass balloon furnishes a colourless vapour which 
becomes coloured as the vapour dissociates. H. St. C. Deville noted that the 
vapour is violet near the walls of the vessel, and colourless nearer the middle, 
and L. Troost found that the dissociation increases as the temp, rises, so that 
at 665^, about one-fifth of the vapour is dissociated. H. Debray noted that 
gold-leaf is whitened and powdered by the dissociating vapour of mercuric iodide. 
E. Mitscherlic.li found the vapour density to be 15 6 to 10*2 ;^ and L. Troost, 15*89 
at 17*<r, and 14*9 at 15*4" — the theoretical value is 15*712. . 

According to J. Thonisen,^ the heat ol formation of mercuric iodide from its 
elements is (Hg, 12)^34*31 Cals. ; (2ngl, I 2 ) -^20*18 Cals. ; (HgClgaq., 2KIaq.) 
”-26*75 Cals. ; (HgO, 2HIgjy,)— 84*07 Cals. M. Berthelot found HgO*f2Hl8oin. 
“Hgl2red"l-46*4 Cals. and ==Hgl2yoiiow+f3*4 Cals. R. Varct gives Hgiif,ni<i 
•|'i2»oiid=Hgl2roa4'25*2 Cals., and =Ifgl2yoi!«m''f'22*2 Cals. ; Hgn quid 4" 12x8* 
™Hgl2rcd4'li^ d Cals., and =Hgl2yeiiow4-55*8 Cals. Consequently, as noted by 
R. Weber, and G. F. Rodwell, heat is ai)Sorbcd when the red iodide changes to 
yellow, and evolved when the yellow iodide changes to red. R. Weber found that 
a thermometer, dipping in the crystals during the change from the yellow to the 
rod iodide, rose by 3" oi3*5‘\ According to M. Berthelot, the heat of transformation, 
Hgl2yoUow~Hgl2nHrl“3 0 Cals. ; W. Schwarz gives 1*1516 Cals. ; J. Guinchant, 
1*53 Cals, as 130"; and P. W. Bridgman, 1*2 Cals, as indicated in Table X. 
M. S. Sherrill gives the free energy of formation of mercuric iodide from its ions as 
48*6 Cals. 

The red crystals of mercuric iodiilc have a strong negative double refraction ; 
according to E. Taubert,® the ordinary ray is blood-red, the extraordinary ray, 
orange-red. G. D. Liveing found soln. of mercuric iodide in potassium iodide have 
a greater index of refraction than flint glass, ©r carbon disulphide ; for soln. of 
sp. gr. 2*77, at 18", he found the index of refraction for the A-linc to be 1*628 ; 
7i-line, 1*637 ; CMine, 1*641 ; 71-line, 1*654 ; J^’-linc, 1*673 ; and for the F-line, 
1*693. A. Lesure says that the soln. are almost opaque to ultra-violet rays. 
*k A. Wilkinson found mercuric iodide gives a yellow fluorescence. E. L. Nichols 
and B. W. Snow measured the reflecting power, i, of mercuric iodide for rays of 
different wave-length. A, at different kmp. : 


A . 

. 0-7630 

0*6689 

0*6080 

0*5670 

0-6185 

0-4920 

0-4600 

»* at 25" 

. 0-895 

0-771 

0*330 

0-050 

0-053 

0*064 

0*066 

♦ at 122" . 

. 0-846 

0*744 

0-066 

0-046 

-- 

0-044 

0-032 


According to H. von Jiiptner, the red iodide prepared in the wet way appears to 
be colouiless in the light from a sodium flame. A. L. Hughes found the photo- 
elactrio effect of mercuric iodide to be rather less than that of mercurous iodide. 
0. Scbonrock measured the electromagnetic rotation of alcohol and pyridine soln. 
of mercuric iodide. 

B. 0. Peirce ® found the emission spectrum of mercuric iodide gave con- 
tinuous bands with the mid-point about 4430. A. C. Jones extended the results 
into the iVtra-violet, and A. K. Chapman found a wide emission band shading off 
to the violet and red, and he claimed that there is a definite relation between the 
emission and absorption spectra, so that the vibrating system responsible for the 
emission is responsible for absorption in soln. C. Sheard and C. 8. Morris found 
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that with metcuric iodide ther# aw continnoun regions or band* hetwaan ®072 and 
58g ; 5605 and 5535 ; 5195 and 5132 ; 4828 and 4788 ; 4*506 and 4470 ; and 
4450 and 4375. 

According to S. Moyer,io the mAgpuiic soaceptibility of mercwric io<lidp is ~ 0‘26 
X 10^ unite of maes. W. Beeta moiwurcd the filectrical 00nduolivit]r of solid 
mercuric iodide at about U(>'' ; and A. (.ttx'kel found that the solid is quitt* a good 
conductor between 229“ and ite in.p. 2r»0\ W. Hatupe did not lind the 
solid a conductor. M. Faraday, and J. W. ('lark sai<f that the molten iodide ron* 
ducts electrolytically. W. lieetz added that the molten li(piid alwnit the ano<io 
is blackenc^i by the separation of iodine, but no menuiry appears at the cathode, 
and accordingly W. Ilampe concluded (i) that the mercuric iodide drcomjwses 
into iodine and mercury, (li) the mercury unit<*s with mercuric iodide to form 
mercuroiLs iodide, and (lii) the mercurous iodide dissolves in the molten electrolyte. 
J. W. Clark also noted tlie formation of mercurous iodide during the elei'trolysis 
of molten mercuric iodidi* lietwccn grajdiite electrodes. F. Kiimpf found lliat for 
low current densities, red mereiirio io<lide is ten times better eondueting in light 
than in darkne.s.s. 

F. Kohlrausch and F. Rose have studii'd the eleetrieal conduetivity of aq. soln. 
of mercuric iodide ; and C. Fritseh found tin* eondnetivity to be augmented by the 
addition of one piT cent, of potassium iodide. Tin* ionie coneentrntion, in soln, of 
mercuric iodide : IIgI.^-^-Hgl*-|'F is 10' ", and K. Abel emphasizes how very small is 
the di'gree of ionization of the salt. If. N. Monw‘ gives for the ionization eonstants 
(flg”lI'l-0-l X 10-i‘^Hgn; [Jfgl fl'l --25 X lO-rillglgi: (]lg-|rj> 
40 25^HgLl; ■ ![«J?l 2 j~-(>'fR(i{Rgl’ 1*’ Sherrill gives for the 

formation of conqilexes [lIg-‘ J(rj4-~--l’9xlO Hgl/' h, and iHgljjlfl'l*^ 7'3 
X lo^'fllgl/' j ; he also estimates that in a sat. snhi. of iiUTeuric i(»lide tlie con- 
centrations of th<* diffi'rent kinds of mols and ions are Hgl 2 ,^l‘:i>::*l 0 '< ; HgF and 
r, 1 HxlO-s ; Hg •, ; Hgl/', 2xl0~>A The transport numbers have been 

studied^ by If. X. Morse, and E. llieger. 

The electricul conductivity of soln of mercuric iodide in liipiid ammonia have 
been measured bv H, P. (.’ady ; in alcohol and in ether by W. Hanipe, and by 
(\ Cattuneo ; m liipiid iiiethylamme by II. 1). (Jibbs, and by F. F. Fitzgt rald; in 
])vridme, by A Saeiiauotf, ami A. T liiueoln ; m allyl mustard oil, by J. H. Mathews ; 
m methyl acetate, by H. St(Mner ; and in acetic anhydride, acetone, epielilor- 
hydrin, methyl alcohol, ethyl acc/ale, acetyl e|ilorid(>, salieylaldeliyde, aniline, 
dimetliyl sulphab*, and Ixuizonitrib* by L. I. Shaw. 

M, )Saladin found the solubility of mercurii' iodiile in water to be very small, 
and H. Arctowsky noted that the solubility increased ronsidi'rably with a riw‘ of 
temp. The aq. soln. are more or less hydrolyzed, and If, AretowsVy noted th<^ 
formation of a mercuric oxyiodide at 170“. The brownish six-sided rhombohedral 
crj’stals obtained by M. Saladm by the spontaneous evaporation of the a(|, soln. 
arc probably an oxyiodide. E. Rourgoin says that at 17 r>“ a litre of water dis- 
solves 0'04P3 grm. of the iodide ; and at 22 ', 0 0.530 grin. V. Rohlami obtained a 
similar result. II. N. Morse found a solubility of O OO grin, per litre at 25“. F. Kohl- 
rausch and F. Rose reported much lower values, namely, 0'0tj2 milligram eij. or 
0'(XX)4 grm. per litre at 18“ ; and later F. Kohlrausch gave 0 (XK)2 to 0'(XX)4 mgrm. ; 
M. S. Sherrill, R. Abegg, and G. Bodliinder have also made estimate’s of the solubility 
of mercuric iodide in water. The discordant data corresjjond with A. (I Dunning- 
ham’s statement that the solubility of mercuric iodide in water is too smajl to 
estimate accurately. As previously indicated, both the red and yellow rnodilica- 
tions form identically the same soln. 

The solubility of mercuric iodide in methyl alcohol betwei n 15“ and 20“ is given 
by P. Rohland as 3 24 grins, of salt per 100 grms. of alcohol and the sp. gr. of the 
soln. is 0 799. C. A. L. de Brtiyn gives 316 grins, at 19*5“ ; and 0. 8ulc, 6*512 grin* 
at 66“, the b.p. W. Herz and G. Anders found at 25“ 10 c.c. of inethyl alcohol 
dissolve 0*259 grm, of mercuric iodide, and that the solubility decreases as the 
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TOoportion of water increasea, being (yOliS grm.*with 78*05 per cent, alcohol ; 
0'0168 pm. with 64 |)er cent, alcohol i and 0*0^4 grm. with 47*(^ per cent, alcohol. 
P. Rohland found 100 gima. of ethyl alcohol at 15° to 20° dissolve 1*42 grmfl. of 
mercuric iodide (sp. gr. of soln. 0*810) ; E. Bourgoin, 1*48 grms. at 18° ; C. A. L. de 
Brayn, 2*09 grms. at 19*5° ; W. Herz and M. !^och, 2*19 grms. at 25° (sp. gr. of 
soln. 0*803) ; and 0. Sulc, 4*325 grms. at 78°, the b.p. 0. Schonrock measured 
the sp. gr. of alcoholic soln,^ The solubility is diminished with increasing propor- 
tions of water, thus, at 25°, W. Herz and M. Enoch found 100 c.c. of a soln. of 
95*82 per cent, alcohol have 1*162 grms. of mercuric iodide ; 86*74 per cent, alcohol, 
0*623 grm. ; and 67*63 per cent, alcohol, 0*204 grm. The sp. gr. of the three last- 
named soln. are 0*80950,0*82996, and 0*87214 respectively. W. Herz and F. Kuhn 
have measured the solubility of mercuric iodide in mixtures of methyl and ethyl 
alcohols. P. Rohland found 100 grms. of projyyl alcohol dissolve 0*826 grm. of 
mercuric iodide between 15° and 20°, and the soln. has a sp. gr. 0*816. W. Herz 
and F. Kuhn have measured the solubility of mercuric iodide in mixtures of propyl 
alcohol with ethyl and with methyl alcohols. 8. von Laszc^ky found that 
100 grms, of amyl alcohol at 13° dissolve 0*66 grm. of m^fcuric iodide ; at 71°, 
3*66 grms. ; at 100°, 5*30 grms. ; and at 133*5°, 9*57 grms. 0. Sulc found 100 grms. 
of isopropyl alQohol at its b.p., 81°, dissolve 2*266 grms. of mercuric iodide ; and 
isobuiyl alcohol likewise at its b.p., 105°-107°, 2*433 grms. J. H. Kastle and 
M. E. Clark say that mercuric iodide is more soluble in alhjl alcohol than in ethyl 
alcohol. N. A. Orloff and M. Adams have studied the reactions of mercuric iodide 
in alcoholic soln. , 

M. Saladin noted in 1831 the low solubility of mercuric iodide in ether ; according to 
8. von Laszoynsky, 100 grms. of ether dissolve 0'62 grm. of the iodide at 0°, 0 97 grm. 
at 36°, and, acoo^ng to 0. Sulc, 0*47 grm. at 35°, the b.p. of ether. 8. G. Livers^ge, 
and M. Francois \i8od %he fact for extracting mercuric iodide from certain mixtures in 
analytical work. S. von Laszeynsky found the solubility of mercuric iodide in 100 grms. 
of acetone to be 2'83 grms. at —1° ; 3 36 grms. at 18° ; 4 73 grms. at 40° ; and 6^7 gnns. 
at 68°. W. H. Krug and K. P. McElroy give 2 09 grms. at 26°, and 0. Sulc gives 3*249 
grms. at 66°, the b.p. W. Keinders gives a solubility of 1 *95 per cent, for the rod and 
3*00 per cent, for the yellow iodide at 26°, but it is probable that equilibrium was not 
attained with the red salt. D. Oemez and L. Levi Bianohini have studied the reactions 
of mercuric iodide in acetone soln. D. Gemez found mercuric iodide to be soluble in 
acetaldehyde, W. Reinders in henzaldehyde, and L. I. Shaw in ecUicylaldehyde. According to 
0. Sulc, 100 grms. of chloroform dissolve 0*040 grm. of the iodide at 18°-20°, and 0*163 grm. 
at 61°, the b.p. ; hromojorm, 0*486 grm. at 18°*-20° ; carbon tetraefdornie, 0*006 grm. 
at 18°-20°, and 0*094 at 76°, the b.p. ; ethyl bromide, 0*643 grm. at 18°-20°, and 0*773 grm, 
at 38°, the b.p. ; ethylene dibromiae, 0*748 grm. at 18°-20° ; H. Gautier and Q. Charpy 
give 0*653 grm. at 16°. O. Sulo further foimd that 100 grms. of ethyl iodide dissolve 
2*041 grms. of mercuric iodide at 18°-20° ; ethylene dichloride, 1*200 grms. at 8*66°, the 
*b.p. ; ieobiityi chloride, 0*328 grm. at 69°. J. H. Kastle and M. E. Clark foxmd mercuric 
iodide to Iw soluble in ethyl br^ide, propyl bromide, and butyl bromide. W. Reinders also 
found it to bo soluble in amyl bromide, amyl iodide, benzyl iotlide, and naphthyl bromide, 
0. SiJc foimd 100 grms, of methyl fomuUe dissolve 1*160 grms. at 36°-38° ; ethyl formate, 
2*160 gnns. at 62°-56° ; methyl acetate, 2*500 grms. at 60°-59° ; J. SchrOder and H. Steiner 
lUso found 2*3 grms, were dissolved at the b.p. of this solvent, and F. Bezold, 1*1 grms. at 
18°. According to E. Alexander, mercuric iodide is slightly soluble in ethyl acetate ; 
M. Hamers found 100 grms. of the anhydrous solvent at 18° dissolve 1*470 grms, or 0*0033 
mols of the iodide, and that the solubility increases with rise of temp. W. Herz and 
Q. Anders measured the solubility of mercuric iodide in mixtures of ethyl acetate and water. 
J. H. Kastle and M. E. Clark found mercuric iodide to be very soluble in ethyl propionate, 
ethyl Indyrate, ethyl ieohutyrate, ethyl ealicylcUe, and phenyl salicylate. W. Reinders found 
mercorio iodide to be soluble in amyl acetate. 8. von Laszeynsky fotmd 100 grms. of ethyl 
aoet&te dissolved 1*49 grms. of merourio iodide ot —20° ; 1*66 grms. at 17*6° ; 1*64 grms. 
at 21° ; 2*63 grms. at 40° ; 3*19 grms. at 65° ; 4*31 gnus, at 76° ; and 0. 8ulo says 4*20 
grms. at the b.p. 74° -78°. W. Reinders says that diethyl palate at its b.p. dissolves 
12 *6 per cent, of mercuric iodide, and 2*6 per cent, at 100®. F. Bezold and M. Hamers 
have studied the chemioal reactions of mercuric iodide in soln. of ethyl acetate. 0. 8i^ 
found 100 grms. of acetal dissolve 2*000 grms. of merourie iodide at 106° ; epichlorhydrin, 
6*113 grms. at 117° ; and hexane, 0*072 grm. at 67°. J. W. Retgers found 100 grms. of 
methylene iodvie dissolved 2*5 grms. of the iodide at 16°, 16*6 grms. at 100°, and 68*0 grms. 
at 180°. S. von Laszeynsky also gives for 100 grms. of benzene, 0*22 grm. at 15° ; 0*88 gnn. 
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at 60® ; 0 95 grin, at 65® ; 1 24 gmw. at h4 ; O. Siih* givw 0-825 gim at th» b,p , 80® ; 
and H. Gautur and G. Clmrpy, 0 217 gnn. at 15 . (’ IVUdm and A. 1*. N. Franohiniont 
alao studied the solubility of inemiru- lotlidt' m bmutu. and >f. S. ‘Sherrill, the pariition 
coeff. of this salt l>t*t\vi‘eu uaU'r and ben/ene. J. 11, Kaatle mid M. K. t'laik say njei’euric 
iodide is more .soluble in tolutm than m alcohol. U Kcmdcrs found inercurK' imhde to be 
soluble ui acetic acul, M. Kosenfeld m tu tJn auhifiindv, aild (!. Wittalem in soln. of atnut:)- 
mum »ucciiuU( . A. \\ crnor says that mcrcui jc n‘dide is hpaiingly soluble in methyl eulvhiJf 
and ethyl ttuiphide, and that there is some dironnio'.iiiuii. giw is evulvi'tl, and adaiUun 
products ore lornuHl. J 11. Jtlatheus also says nicivuiie iodide is soluble in atlyl mustard 
oil. A. Werner found ethyl Milplnde fornis addition produot.s. K K. l-'iltgerald, and 
H. D. Gibb.s said that hhtcuhc iodide is very soluble in tntthylaunnt ; 11, Void, m aniline . 
According to -M. Francois, mercuric ludidu in aniline sola, is risluccd to mercury when tha 
sola, contains more than 26 gnus of mercuric iodide to 100 gnus oi tuuhiie. J. H. Kaslle 
and M. E. Clark said that nieixuuu' iodide is Miluble in uaphihahne, in ^|l^cutn^nf, tthyl 
phimjl cyanide ; L Alascarelh, m mfru/it u^fne, ndrotolucnt , and uilroiuiphtluUcnt 
and A^AA!^rner, in bcnzonitrdc and other aromatic nitriles, .\ Ntnmuuin said that at JH®, 
100 grins. (Jf beiuonitrilo dissolve 0 98 grin, of mcrcune iodide, and that the soliibihl> is 
much greater iflijo^sium iodide Is' jue.si>nt. \V. Ki<lmann imiiid nu n uric iodide to Is* 
soluble in Fraii(,oi> found mereurie ioihde to be \ei> holtible m iihcnot, lor 

100 gnus of btuhl^phrJlOi dissolve 1 lO gnus. ol mereune iodide ; C. Mebu giiM' 2 t) grins 
|XT ItMIgnus. of solveW. a^ ,100'^. J Schroder mid Nauinami also found meicunc iodide to 
Ix’ solui)li ' 111 pyridine ;\V III !‘dnidiiti ; and l> Gcrne/, m Schbnroek 

measured the sp gr. of jiycidnie soln. J. Sehioder has studied the < li, (mcal reactions of 
nu'roune iodide in soil!, ul pyrid^'ie A V\ ‘MJi ertound (he jn/nridim reduces meicune iodide 
to the metal, tlie leactton is iu.-nct|itineotf« at lOO’. C .MiMiu loiind iliut JOU gnus ol 
bitter alinuiul oil dis.solv<*d 0 t,’ grm of nteo*ur\n iodide at 25", and 1 .1 guns at lOtr ; ra^loi 
Oil, 4 0 gnus, at 25", 20 0 grrvi.s at lOO" ; nnhcnl, 1 5 grins, at 100', 0 025 giiii. 

at 25", 0 20 gnn. at 100"; jktppy od, 1 0 giJit. at 25"; and ohre oil, 0 I gnu. at 25'. 
W. Rcindens also noted the S*4iiliihty of mdvuric loilido in tuijicntun and pitrolmni. 
M. C. Loa louml mercuric iodide 'li-ssolves readily in hot j/ZyetW, forming a i‘()loiirleHS solii., 
and 'r. Fairl(»y said that 100 [mils of glyceiol Aissolve 0 294 part of the salt 

Afoortling to P, Wuldcn,'- mercuric lodidi; in soluble in sutphwi vhlondi’, S^C'l^i 
fonnmg a reddish-brown solo , m t/uoni/f rhlondc, S0(’l.,, fdTmmg u teddish-yellow 
soln. ; m sulphury} chlorUle, .S02Pd2. ioriumg a yellovs solo. ; m phosphonjl chlnrulr, 
POCI3, fonning a colourless sola ; m phu.'^phoruH Inbrotnidc, forming a 

yollowiah coloured soln. ; and m arsenic Iru'hhu idv, .<\sCl3, and m ursouc trihrmnidv, 
AsBr3, forming culourle.ss .soin. K H. Biicliner linds mereune chloride to l>c 
insoluble in li((uid carhon dumdr. Ae.eordmg to J’. Walden and M. L\:ntner87,W(*r, 

mercuric iodide is solulde m iojUid sulphur dioxide The sal. sola at the cntb'Hl 

Umip., contains 0 7 [ler of mereurn iodide, and the erilual temp, tif 

the soln. increases with increasing eonc P Niggli said that liquid sulphur dioxide 
m a sealed tube at Hbl contains (»'2 per lent of men iirie iodide, m sola. I he 

presence of potassium or ruhidium iodide, or of mereune hromide augments the 

solubility of mercuric iodide (' E. Lmebarger, 11. An towsky, and H. Oantier 
and G. Charpy have measured the solubility of men une iodide in cuihon disulphide. 
The percentage solubility, A, is 

-110'' -SOj' 1(1 u .) !<'■ !•' 

S . 0017 0021 0 107 0J7:{ 0 207 0-239 0 271 0 320 0 382 0 445 

Mercuric iodide is photosensitive for K. JluntP^ and Lupjio ('ramei showed 
that a film of this salt becomes brown on exposure to light; arid d. W. Hlater 
found that blue light is particularly favourabh; m producing tlie change. 0 . Hulc 
observed that when a soln. of mercuric lodidtt m alcohol, chloroform, or ethyl 
bromide is exposed to light, free iodine and mercurous loduh^ are formed. J he 
photosensitiveuess of mercuric iodide in jihotographic emulsions has Ixmui studied 
by Liippo Cramer, J’, Kropf, A. P. Jl. Tnvelli and S. E. Sheppard, etc. Ihe 
results show that the evulsions are not so sensitive photochemically as those 01 
the silver halides ; that the red emulsion is more sensitive than the yellow emul- 
sion ; and that the yellow emulsion made at is not so sensitive as ihe others. 
While mercuric and silver iodides arc fairly stmsitivc, the double salt la only 
slightly so. • J / 1 

M. IBerthelot * ‘ found that purified mercuric iodide is not deconiposcd if exposed 
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dry or moist in a sealed tube for a month to simliim and the decomposition often 
observed with pharmaceutical preparations is due to the reducing action of organic 
compounds. M. C. Lea noted that mercuric iodide is darkened and even blackened 
by the a|»pIication of a high pressure without the liberation of iodine, for none 
could be extracted by alcohol. ‘ F. C. Phillips sublimed mercuric iodide in a stream 
of hydrogen without reduction ; and H. Schulze calcined it in oxygen without 
decomposition. M. Kohn and A. Ostersetzer found that mercuric halides are 
reduced by hydrogen peroxide in alkaline soln., or by sodium peroxide with the 
liberation of mercury, and the reaction has been applied in quantitative analysis. 

C. F. Rarmuelsberg obtained what hc‘ regarded as tetramercurio trioxyiodidet 
Hglg.dtlgO, by melting tog«'ther mol. proportions of the two components ; and he, 
as well as T. Weyl, obtained a similar product by the action of a dil. soln. of potas- 
sium hydroxide on mercuric oxide. A, Oppenheim also obtained a similar product 
by the crystallization of allylmercuric iodide from acetone. The yellow product 
is decomposed by <irying at 1(XJ^, and when exposed to the action of dry anuuonia. 
P. Yvon also obtained a pale yellow sublimate — approxiiy.ately 7 Hgl 2 .CHgO — 
by rapidly heating mercurou.s iodidt^. The mixture decomposes on exposure to 
light, and turns red. 11. Moissan noted that £luorill6 attacks mercuric iodide in 
the cold, the reaction is accompanied by uru>, Jlamm- trk'i vive, and the formation of 
a yellow compound -mercuric fluoride or iodolluoruh'. Molten ammonium 
fluoride was found by C. Poulenc not to attack mercuric iodide. E. Filhol noted 
that if ohlorino be passed through water in which men uric iotlidc is suspended, 
mercuric chloride and iodine trichloride are forniejl, According to M. Berthelot, 
the displacement of iodine by chlorine develops I'l'd Cals, with red mercuric iodide, 
and 17 ‘3 Cals, with the yellow salt. P. Hautefeuille found that mercuric iodide is 
not d(‘compo8ed,. when heated in a stream of hydrogen chloride ; J. J. Colin, 
P. F. G. Boullay, H. 'Baha and K. N. Choudhuri noted that the salt is soluble in 
hydriodic acid, and also in hydrochloric acid, and, according to H. Kohler, cone, 
hydrochloric acid is one of the best agents for crystallizing mercuric iodide since 
the hot acid dissolves a considerable amount of the salt without decomposition. 
C. F. Kamiiu'lsbi'rg found that mercuric iodide dissolves in a soln. of bleaching 
powder, and wh(*n tiie soln. is heated a gelatinous muss of basic calcium periodate 
is deposited and mercuric chloride remaius m soln. J. W. (dark noted that a soln. 
of mercuric iodide dissolves mereuroiis iodidi* and iodine. J. H. Kustle and 
M. E. Clark found that cyanogen iodide, Cyl, di'composes mercuric iodide in 
suspension in water, forming mercuric* cyanide and iodine. 

J. Timmernianus found that soln. of mercuric iodide in iodine give high values 
for the mol. wt. F. Olivari said that this is nut to be attributed to the formation 
04 mercuric polyiodides since the f.p. curve of mixtures of mercuric iodide and 
iodine shows no signs of their formation. The curve has a eutectic at 101 4° with 
llJ'5 molecular per cent, of mercuric iodide. S. Schlesiuger obtained a white powder 
by the action of hot fuming nitric acid on mercuric iodide ; this product, once 
thought to be nwreurw perioilide, Hgl^, was shown by S. M. Jorgensen to be mercuric 
iodate. R, Hunt also obtained a purplish-brown product — with 27 9 per. cent, of 
mercury and 7 21 per cent, of iodine — very nearly corresponding witn Hgl 4 , by 
the action of a soln. of potassium iodide sat. with iodine upon an aq. soln. of mercuric 
chloride. There is nothing to show that the product is a homogeneous or chemical 
individual, S. M. Jorgensen treated a hot (50‘') alcoholic soln. of potassium tri- 
iodide with au excess of a cold aq. soln. of mercuric chloride, and obtained a brown 
crystalline precipitate which was rapidly washed with cold water. It could not be 
dried without decomposition. The product is thought to ^ a mixture of mcfcuic 
hexaiodide, Hgl^, with some red and yellow mercuric iodides. The brown crystals 
belong to ihe rhombic system, and in form resemble yellow mercuric iodide ; they 
are slowly decomposed by cold water ; they gradually lose iodine on exposure to 
air f they are reduced by zinc and cold water, forming zinc iodide and zinc amalgam ; 
and they are decomposed by alcohol, forming red mercuric iodide. W. Herz and 
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W, l'aulj[meaaured the solubility of iodine in piercurie chloride soln., and partition 
experimente with carbon tetrachloride indicate the existeuw of'niArollric (Ubromo- 
ioolde, HgBr2l2, and of meicoric diohloroiodide, K^CLU. 

Mercuric iodide is not attackeil by SOlphoric add in the coltl, but when heated, 
the salt is deconipoik*d ; A. Ditte did not obtain salts analogous with HgSOi.iJHBr 
and HgS04.2H01 aa ia the cast' when auljdmrH- arid n*H<ta with tin* corrt‘Hpondiug 
mercuric halides. K. Harth found that although inen'uric iodide dissolvea in aoln. 
of the alkali sulphites, he could not obtain double salts analogous with those 
obtained with mercuric chloride or bromide. F. Field and K. Meusel found mercuric 
iodide dissolves in a sulu. of sodium thiosulphate, and when the (olourless iitjuid 
is heated, it deposits r(*d menuric sulphide ; J. M. Ed«'r and (}. UJm say that two 
mols are required for dissolving one of mercuric iodide, and C. F. Rammelsherg 
8up])08e8 that a double salt i« formed. 

The solvent action of liquid ammonia, and the formation of aionumia ( ompounda 
of mercuric iodide are discussed in a special section. K. A. Hofmann and 
E. C. Marburg prejiared mercuric hydrazine-iodide, HgL.N^H^. by adding an excess 
of hydrazine hydrate to an alcoholic soln. of mercuric iodide. Tlu' resulting yellow 
needle-like crystals are more stable than the corrcsjKmding bromide or chloride. 
They are decoinpos(>d by ex|>osure to light, and by treatment with waiter. 
S. Schlesinger found mercuric iodide to be soluble m nitric add ; according to 
K. Kraut, wlien nitric acid of sp. gr. I n is boiled w'lth mercurh' iodide, mercurio 
iodate, Hg(I03)2, formed, and a similar result is obtained with an acid of sp. gr. 
14 , but a small (juuntitv of m**Huric nitrate then passes into soln, ; with an acid of 
sp. gr. 13 , white micaceous plat<*s of mercuric nitratoiodide, Hgl2.Hg(N03)j, 
separate out on cooling ; and linally, with an acid of sp. gr. 12 , red crystals of 
unchanged mercuric iodide accompanied by white scales of tUc nilruto-iodide 
separate out on cooling. According to F. Venturoli, alcohoffc solii. of phoiphoruz 
and mercuric iodide’give a comjmund, mercuric phosphoiodide, Hg.^IMa, or PI(HgI)2, 
presumably: 8 Hgl 2 +bP= 2 Pl(Hgl) 24 - 1 * 2^4 » heated, PI(Hgl)2" Hgl2 

-f-Hgl-f-P, some phosphoric and phosphorous acids, hydrio<li<’ ari»l, and ethyl iodide 
are simultaneously formed. J. Ji, Bertlnmiot found that antimony or bismuth 
when heat<‘d with nnTcurir iodide and water furnishes bismutli oxyiodide in the one 
case, ami antimonic oxide in the other. K. Haack states that nicrcunc iodide is 
not affected hy boiling with soln oj sodium hydrogen phosphate or arsenate, or 
by fusion with cither of these salts. M. Kohri found arwmious oxide in alkaline 
Boln. reduces mercuric iodide According to B. E. Howard, when trcat<’<l with 
hypophosphorous acid, hydnodic acid IS ]>roduced in which mercurous iodide is 
dissolved, and the reduction is incomplete ^ ^ 

J. B. Berthemot studied the action of various metals on mercuric iodide ; he 
found that m^ny of the heavy metals, alone or with water, withdraw all or half the 
iodine from mercuric iodide, and that the resulting metal iodide may or may not 
unite with part of the mercury uulide to form double salts, iodo-merruriHt<*s. When 
heated and triturated with merc uric iodide and water, zinc forms zinc iodide and 
zinc amalgam with the evolution of much heat ; cadmium b<*haves. similarly ; tin 
decomposes slowly, and with half an hour’s boiling, tin amalgam and stannic oxide 
are formed, but und‘'compo 8 ed mercuric iodide and stannic iodide are still present ; 
iron forms iiKTCurous iodide, and afterwanls, if heat be applied, mercury and ferrous 
iodide are formed ; copper gives a similar result ; forms lead iodide and 
mercurous iodide ; and silver behaves similarly. C. F. Rammel 8 f>erg rubbRd up 
mercuric iodide with potaslium and formed potassium iodide and mercury ; the 
reaction is attended by fhe evolution of much heat, T. Fischer also noticed the 
decomposition of mercuric iodide, suspended in water by magnesium powder. 

J. B, Berthemot found that mercuric iodide is decoraj»owd by soln. of the alkali 
hydroxides, forming mercuric oxide and a soln. of a double iodide of mercury and the 
alkali metal ; if the soln. of the alkali hydroxide be very dil., C. F.* Rammelsberg 
says that mercuric oxyiodide separates out. J. B. Bert^mot also says that when 
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mercuric iodide is boiled with a soln, of potassiiiiu hytoxide, mercuric oxjde 
separates out, and h yellow soln. of a double salt of mercuric and potassium lomde 
is formed, which on cooling deposits crystals of mercuric iodide, and then greenwh- 
yellow needles of potassium. iodomercunate. An alcoholic soln. of potassium 
hydroxide acta similarly, but more readily. Soln. of sodium, banum, and strontium 
hydroxidos act similarly ; so does an alcoholn*. soln. of calcium hydioxido in 
alcoholic but not in aq. soln. Magnesium or alumi ni um hydroxides have no 
acition ; similarly also with magnesium carbonate. Aq. soln. of sodium or 
potassium carbonate do not decompose mercuric iodide, but alcoholic soln. do so. 
Mercuric iodide is soluble in soln. of many of tb; normal salts. R. H. Brett found 
it to be soluble in soln. of ammonium nitrate. Mercuric iodide dissolves in soln. 
of mercuric chloride, acetate, or nitrate, and, according to H. Morse, a litre of 
A-Hg(N08)2 dissolves 480 grms. of mercuric iodide. M. Francois observed a 
reversible reaction between mercurous nitrate and mercuric iodide : Hglg 
-|-2HgN03^Hg(N()3).2 h2HgI. G. C. Wittstein noted the ready solubility of 
m(»rcuri(; iodide in a hot soln. of ammonium sulphate and ammonium carbonate; 
G. C. Wittstein, and H. Saha and K. N. (Jhoudhuri, and R*. Bottger in a cold soln. 
of ammonium chloride ; P. F. G. Boullay, and M. C. Lea, in soln. of potassium 
chloride, sodium chloride, calcium chloride, and barium chloride. H. Grossmann 
found mercuric iodide to be very soluble in soln. of ammonium bromide, and 
K. .Tand(T in soln. of potassium iodide, potassium bromide, and ammonium 
iodide, with the formation of complex salts — e.<]. NH4Hgl3. P. Harth could find 
no signs of a reaction with potassium chloride or brj^fide when the soln. is extracted 
with ether. A soln. of mercuric iodide in potassium iodide was used by E. Sonstadt 
and A. von Lasaulx as a heavy liijuid — Somtadi's hemry liquid — for the separation 
of minerals of different sp. gr. M. Frani^ois found that with ammonium iodide 
a balanced reaction^ NJl4l4-Hgl2^NH4HM^3» established. J. Philijq) has 
studied the solubility of mercuric iodide in soln. of potassium thiocyanate, and 
isolaU'd a double salt: HgI2.2KSCy.2H2O. Mercuric iodide is also soluble in 
soln. of potassium cyanide ; according to P. Harth, two mols of pota.ssium cyanide 
completidy decompose a mol of mercuric iodide into mercuric cyanide and potassium 
iodide as proved by extraction with ether. F. Laboure noted that when mercuric 
iodide is treated with a soln. of stannic chloride, it is decomposed with the loss of 
iodine, becoming yellowish-red, yellow, greenish-yellow, green mercurous iodide, 
and finally into a mixture of mercury and stannic iodide. Mercuric iodide forms 
a number of double salts with other metal chlorides, and also with a nmnber of 
organic bases. A mixture of mercuric iodide with 90 per cent, of benzoated 
lard or suet is the unqueuhim hijdrimjyri lodidi ruhri of the pharmacopcoia which is 



used as an ointment in some skin diseases. A 
mixed soln. of equal parts of arsenious and mer- 
curic iodides is the liquor arsenii et hydrargyri 
mlidi, or Donovans solution of the pharmacopoeia. 

H. Moissan suggested the bare possibility of 
mercuric Jluoriodide being formed by the action 
of fluorine on mercuric iodide. According to 
J. S. van Nest, H. Kohler, and W. C. Luezizky, 
only a limited series of mixed crystals is formed 
between mercuric chloride and iodide. M. Padoa 
and C. Tibaldi’s fusion curves, Fig. 29, show that 
a-mercuric iodide and mercuric bromide give a 
typical V-eutectic. Tht same diagram shows the 
effect of mercuric chloride on the transition point 
of mercuric iodide. tThe regions of mixed crystals 
are also indicated in the diagram. There are no 
signs of the formation of any mixed salts under 
these conditions. M. Berthelot found the heat of combination of the two salts is 


60 so 
MolArXHsh 

Fio. 29.— Freezing-point Curves 
of Mixtures of Morcurio Iodide 
and Chloride. 
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almoRt wro. J. von Liebig prepared what haa been couaidered to be u^erourw Itinh 
cfdorodi-Mlide, 2 HgCl 2 .Hgl 2 , by crvatallixatiofc during the cooling of a Iwiling aq. 
soln. of mercuric chloride aat. with the iodide; F. S«dmi, and K. Riegel, likewiw' by 
.boiling mercuric chloride and wat(*r with an excess of iodine. H. Kohler showed 
that the products are not chemical individuals. According to .T.* L. liUssaigne, a soln, 
of mercuric chloride sat. in the cold with mercuric iodide furnishes coloiirless needles 
with HgCl 2 ; Hglo in the molar proportions to : 1 ; an qq. or alcoholic soln. of iodine 
nearly decoKuized with menuric chloride, deposits on (‘vaporation a similar product. 
If the iuduh* be in excess the crystals H])pear red owing to tin- presence of mercuric 
iodide whii li may be removed by re-erystallization from \\atcr. The aq. soln. has 
the general reactions of mercuric chloride ; it gives no blue coloration with starch 
even when chlorine or sulphur dioxide has been added. A soln. of mercuric chloride 
decolorizes blue iodide* of starch, due, said N. A K. Millon, to the formation of 
mercuric iodide and iodine chlorub* ; the hlue colour app<*ars if ])otassiuin iodide 
is added, because tie* lodim* chloride is decompose«l. P. F. (1, Boiillay and 
\. Larocijue j»n‘|tar('»l wliut lia.s hcen regarded hh mA'rcurir chhtrouKluh', llgt'll, or 
Kgl 2 .HgCl 2 . as u yellow |u)W<lcr, bv cooling a solii of mercuric clilonde sat. with the 
iodide. The prodin t soon ( hanges to a red colour ; if the soln. of inercune, cliloride 
he mcomjiletelv sat with the iodide, it first dcpo.sits a yellow powder, then yellow 
crystals, which soon turn red. H Kolilcr < (>nfirmcd the prcicding results, and said 
the best yield is obtained by heating 1 gnus, of mercuric chloride wutli ll fi grins, 
of iodine in a sealed tube at Ifii -l(io , or b\ heating I ."t grins of men'uric iodide 
and 2'7 grins of mercuric clj^unb* with a little water in a scaled tube for T-ri lira, 
at llO'- lbn ; and M. Bcrthc!(>t and 8 de Luca, by allowing cone, hydrochloric 
aeid to act on mercury in the pre.sence of allvl iodide. The yellow form of this 
I'oiajxmnd is in rhombic (Tvstals. the rc<l form in tetragonal jirisins. According 
t^) If Kohler, mercuric chloroiodide becomes citron-yi'llii^v at l^o'', and melts 
at 15;r to a golden-yellow liquid. It boils at dlo' , and sublimes unchanged at a 
soniew’hat lower temp. It is verv sparingly soluhle in water, but rather soluble in 
fiot alcohol. By chlorine it is (onverte<l into mercuric chloride with develojmient 
of heat ; it may lie sublimed in a current of hydroclilonc acid, sulphur dioxide, or 
hydrogen sul)>liide w'ithout decomjiosition, but in <lry ammonia it fulls to a grey 
powder. It IS somcw'hat soluble indil hydrochloric acid, and from this soln. hydrogen 
sulphide does not precipitate bln<k mercuric suljihidc even when hot, but a 
voluminous grecnish-yclIow preeqatate of men uric clihtroiodosul()li!d(>, HgjjBOll, 
which 18 sensitive to light. An a<j. soln. of nuTcuric chloroiodidc is used as A. von 
llii Ill's reagent for measuring the iodine number of fats. P Welmans jircferred 
a soln. m ethyl acetab*. C. Bdttinger biund it gives yellow jiroducts w'hen added to 
gallic acid or tannin soln. W. R<*inder8,i7 W (h Lmzizky, J. S. v^in Nest foui^d 
that fus»‘d mixtures of mercuric bromide ami loilide, or 
crystals obtaWd from the aq. soln. furm.^hes a comjdeb* 
stories of mi.xed crystals — mV/c Figs. 2‘t and 'i ». K. Beck 
measured the viscosity of the mixtures ; ami P. Niggli, 
the f.p..and sp, gr. AI. Berthelot found that the heat of 
union of mercuric iodide and bromide is almost zero. 

The m.p. of mixed crystals with more than 25 per cent, 
of mercuric bromide was^ound by P. Niggli to be lowered 
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by sulphur dioxide. Tl|. alleged nwrcnric hrom/mHlulr, 
liglBr, obtained by A. OJipenlicim by the action of alk> 1 ^ 

iodides on an acetone soin, of mercuric bromide, or by 30. - Kuxion Curve 

er)'8tallization from et^r or acetone soln. of the com- cirio ‘^JJ^rmide 

ponent .salts, thus appears as one memlKTof an unbroken ]f)dKlf*. 

series of mixed crystals.! y. Grossmann prepared rhom- • 

bic plates of ammoniam^oiercaric tribromotetraiodide, 3Nll4Br.2Hgl2, i>y saturat- 
ing a cold cone. soln. of ammonium bromide with rm*rcuric iodide, evaporating 
over sulphuric acid, and removing the ciy’stals of ammonium bromi(fe ; the crystala 
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are dichrolc, bein^ yellow when viewed parallef and pale yellow when viewed 
perpendicular to th^ prism edges. The crystals are decomposed by water ; ho also 
obtained similar crystals of ammnninm mercuric dibrom^odide, 2 NH 4 Br.Hgl 2 , 
by concentrating on the water-bath a soln. of a mol of mercdric iodide in a cone. 
Boln. of 2 mols of ammonium bromide. 

According to K. Abegg and G. Bodliindcr’s hypothesis of electro-affinity, the 
tendency of the mercuric halides to form complex cations is weaker the stronger 
the anion; combining with the mercuric ion to form the cation, since an increase in the 
electro-affinity of the halogen radicle should be a<‘companied by an increase in the 
tendency of the radicle to ionize according to the scheme 
V. Borelli has shown that this is the case with the com])lex salts formed by mercuric 
perchlorate; with mercuric iodide, bromide, chloride, cyanide, and thiocyanide. 
H<;re the tendency to form complex ions is greakst with mercuric iodide and cyanide, 
less marked with the bromide, and so slight with the chloride that the double salt 
cannot be isolat^'d. Mercuric perchloratoiodide, l.Hg(1()4. forms bundles or 
mammillary masses of white, opa<jUc prisms which deliquesye and turn yellow in 
air, and are decomposed by wat(‘r with the lilx'ration of ‘mercuric iodide. The 
lowering of the f.}t. in water gives valiU's for the mol. wt. less than that calculated for 
the complete ionization and for the j)artial hydrolysis of the perchlorate : Hg(C104)2 
4-H20=HC104 hHg(0H)CI()4, studied by H. Ij<‘y and C. Heimbucher. The 
depression of the f.p. of water by mercuric ])erchlorate is diminished by mercuric 
iodide, and this the more the greatt‘r the ])ro])ortion of iodide present in the soln. 
Accordingly, the molar cone, of the comj)lex undergoes a corres])onding decrease. 
The lowering of th(‘ conductivity of mercuric perchlorate soln. by addition of potas- 
sium iodide is due to a decrease in the cone, of the ions, and to the lower 
mobility of the new ions. The addition of mercuric iodide produces an increase 
in the molar cone, of u'crcuric perchlorab' soln. when this is not excessively cone., 
and a decrease when an excess of the perchlorate is present. V. iion'lli attributed 
these results to various reactions between nu'rcuric iodide and tlie ions Hg ‘ and 
CIO'4 originally ])resent in the soln. Mercuric iodide probably unites with the 
Hg’'-ion8 to give complex cations, a view in harmony with measurements of the 
transport numbers of soln. of mercuric iodide containing an excess of tin* ]»erchloratc. 
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§ 25. Ammino-, Ammino-basiCt and Aquo-amminobasic Salts of Hefcurio 
Iodide 

• 

Aoconlinf? to G Gor»%‘ E. C Franklin and C. A. Kraiw, and H. P. Cady, raercuric 
iodide 18 soluble in Injuid ^nionia. According to K C. Franklin, the sj/ln. in li(juid 
ammonia .8ufierRamminoly8ifl,2Hgl2d“'iNH3;p=^Hg : N Hgl-f and M. Francois 
represent* the hvdrolvsis with cone aipia ammonia as occurring in two otagee, 
Hgl2.2NH3^NH2Hgl fNH4l, and 2NH2HgMHg : N.Hgl-f NH^T ; if dil. aqua 
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ammonia be used, a compound ^oN 4 l« is formed. According to R. Bdttger, 
when aq. ammonia apts on mercuric iodide, a brown powder — probably NH2Hg.O.HgI 
or NHg2l.H20 — is formed along with a yellow liquid ; G. C. Wittstein says that 
aq. ammonia turns mercuric iodide white, and later, when heated, it forms brownish- 
red powder — probably NH 2 Hg. 0 .HgL According to F. M. G. Johnson and 
N. T. M, Wilsmore, the soln. of mercuric iodide in aqua ammonia, sp. 0 * 880 , 
does not fre(*ze at the m.p. pf liquid ammonia. A. Cailliot and M. Corriol found 
that when the soln. obtained by treating mercuric; iodide with aq. ammonia is 
evaporated in air, white needle-like crystals of mercuric monammilioiodide* 
Hgl2.NH3, are formed. C. F, Hammelsberg supposed it to be Hgl2(NH8)2Hgl2 ; 
and L. iVsei, 8 NH 4 l. 4 Hgl 2 . 3 NHg 2 l. C. F. Rammelsberg says that a similar 
product is formed by allowing aq. ammonia to act upon mercuric iodide until a 
white powder is formed, and J. Nessler adde-d that if cone. aq. ammonia be used, 
the diafnmino-compound is formed. C. F. Uammelsberg made the monammino- 
compound by precipitation from a soln. of mercuric iodide in an alkali thioanti- 
monate by the addition of aq. ammonia ; and J. Nessler obtainc'd it by treating a 
soln. of a mol of mercuric iodide and two of potassium iodidt* with aqua ammonia ; 
if an excess of ammonia be used, the diammino-compound is formed. The monam- 
mino-salt loses its ammonia rapidly in air and still more rapidly under water or dil. 
acids — mercuric iodide remains. 

According to H. Rose, 100 parts of mercuric iodide absorb 7 01 parts of ammonia, 
forming mercuric diamminoiodide, Hgl2.2NH3 ; tlie dirty white product loses its 
ammonia in a few hours on exposure to air and^,r.;forms red mercuric iodide, 
W. Fetters, H. Ley and G, Wiegner also found that by ex})osing mercuric iodide 
to the action of ammonia gas in a eudiometer two mols arc absorbed, and that the 
absorbed gas is given of! in vacuo. M. Franpois, and A. Colson also made the same 
compound by the acti(in of dry ammonia on dry red mercuric iodide ; A. Colson 
made it by passing dry ammonia through a soln. of mercuric iodide in dry benzene ; 

L. Pesci, by adding a(jua ammonia sat. at 0 '^ to a soln. of mercuric iodide in potassium 
or ammonium iodid(‘ ; P. Lemoult, by saturating a soln. of ])ota 8 .sium tetraiodo- 
morcuriato, K2llgl4, with cone, aqua ammonia and cooling to 0 ° ; J. Nessler, by 
treating the monoammino-compound with cone, aqua ammonia, or ajnmonia gas ; 
and J. Nessler, H. Salia and K. N. Choudhuri, by the ^action of a cold sat. soln. of 
ammonia on mercAinc iodide, or, according to M. Francois, on mercurous iodide. 

C. F. Rammelsberg representtMl this compound by the formula (NH3)2Hgl2, and 
T. Weyl, by 2NH4l.N]Tg2l. It forms a colourless or pale yellow powder or needle- 
like crystals which are very unstable, so that when removed from the mother liquor, 
the crystals soon redden owing to the loss of ammonia and the formation of red 
m^‘rcuric iodkh> ; according to H. Saha and K. N. Choudhuri, the crystals are stable 
in an atm. of ammonia. According to M. Francois, the dissociation takes place in 
two stages : mercuric tetramminohexaiodide, .3Hgl2.4NH3, is fifst formed : 
3Hgl2(NH3).2^3lIgl2(N 113)4-1 2NH3 ; and the product then decomposes : 
3Hgl2(NIl3)4^3Hgl2-f INII3. The dissociation pressures are : 

SJlKl,(NU3)t~>3HKl,.4NH3 I 2NHj :}HKl3.4NH3-r>31lKl^ + lNl^ 

Temp. . . . 0'’ 2.^>° n.'i'’ 80 ^ 25 ° 66° 96 ° 

♦Press, mm. . .8 37 219 732 1 2 12 107 

Mercuric diamminoiodide is decomimsed completely by water, and mercuric iodide 
is formed, M. Franyois says the diammino-eompoimd is insoluble in a little ammonia 
but soluble in a large quantity. Aq, ammonia forms first a yellow soln, which turns 
brown, and, according to J. Nessler, deposits brown NILHg^.Hgl ; and, according 
to L. Pesci, if small portions are added to a large excess of ammonia, NHg.^! is formed. 

M. Francois, vsays that with eonc. ammonia, NHgoI is forpied, and that the reaction 
is reversible ; and that with less ammonia NH2HgI is formed by a reversible reaction. 
L. Pesci says that hydrogen sulphide converts merciu-ic diamminoiodide suspended 
in water into luercuric sulphide and a soln. of ammonium iodide ; according to 
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M. Francois, ether dissolvea the ^iammino-conipou&d completely ; but, acoordiiig to 
J. Nessler, ether disBolvea it only partially, alcc^ol aim duiaolvea it partially, forming 
a yellow or, with more alcohol, a brown maaa. If the dil. ethereal »oln. Im' added 
to a 8oln. containing free aluminate, or aincate, a yellow coloration is obtained — 
the preaence of potaasium cyanide, sulphide, or iodide hinders the coloration ; 
no coloration is obtained with alkali bicarbonate, jyotasaium stannate, borax, or 
sodimn phosphate. F. Ej)hraim and P. Mosiinann made mercurio lillO totrinunillO- 
tetraiodide, [Zn(NH8)4]Hgl4 ; mercoric oadmium totramminotetndodida, 
[Cd(NH3)4]Hgl4.4H20 ; and mercuric cadmium hexamminoietraiodide, 
[Cil(NH3),]Hg|4.(>H20. 

M. Francois * prepared the iodine analogue of infusible whit»‘ pr«‘< ii»itate. merourlo 
iodoamide, NIl2HgI, by the a< tion of cone. a(jua ammonia added slowly and at 
long intervals on mercuric diamminoiodide, IfgfNHa)^!. The precipitate was 
dried in an atm. of ammonia. If large quantities of aqua ammonia art* added at 
once, brown dimercuriammonium iodide, HgjjNl, formed. The reaction is 
reversible, NH4I, ami with aq. ammonia of sp, gr. o ‘l23, 

at 21*^, the cone, of the ammonium iodide, at e<|uilibrium, was between 0 ()20-iV 
and 0 02.‘biV. Mercuric iodoamide forms a dirty wliito crystalline moss which is 
not reddened in air, and which is insoluble in ether. E. 0. Franklin says that 
mt'rcuric iodoamide may be also regarded as a basic mixture, llgfNHjila l^Jili* 
M. Fram^is regards what has been called mereurie iodoamide, NH2.IIg.I, as mono* 
mercuriammonmm iodide, and In* givt's for the graphic formuhe of this compound 
and mercuric diamminoiotjidt*, and dimercuriammonium iodide, 

Hg:N.lIgI. 


lig 


H 


Mt rcurlt' lixlii.iiiitdi*. 


.Mcrnirlo (UarnmlnoUvUdti 


Hg 

Hg- 
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As jireviously indicated, M. Franyois found that if cone, atjua ammonia acts 
on men uric diainininoiodidc, or on mercuric iodide dyimercuriammoniuiu iodidC* 
ilgoNl, or Hg : X llgl, is formed. M. Franyois also jireparcd this compound by 
the action of alkali hydroxide on mereurie diamminoiodide. 

CHrefully stir 30 yrnin. of mercuric loOido in a gliws mortar with 30 c.c. of aqua 
aminotua of sp. gr. 0 023, add 30 c.c. of ammonia, and stir the mixture 24 hrs. in a mortar 
with 00 e (• of (i 25 })or cent. soln. of'siKlium hydroxide. l><'t tho mixture stand under a 
bell ]ar with occasional stirring for live days. Draw off the liquid and ogam treat the 
solid with 00 c c. of the 25 pereent. «oda*Iye, and heat the mixture for 2 hm. on a watar- 
hath. Wash by d*s’nritalion with water, and dry at 60^ 

T. Weyl first made it by the action of liquid ammonia on the basic iodide, 3HgO.Hgj2, 
and dried the product in a stream of dry air, first at KK)’’ and then at b'H)'’, and be 
say.s that Iff* was not successful in his attemjits to make it from (NHg2)20. 
E. C. Franklin also show'cd that this compound is formed by the am miuoly tic, action 
of liquid ammonia on mercuric iodide, as well as by the action of potassium amide 
on an i^xcess of mercuric iodide in solii. in Inpiid ammonia. The salt forms a dark 
red almost black crystalline powder or a dark brown powder whi(>li is very stable. 
It decomposes without explosion when h«‘ated in a tube- mercury and mercuric 
iodide, sublime. It bums with a blue flame. It deconqiosefl with the evolution 
of ammonia when boiled with a soln. of imtassium hydroxide or chloride ; it is 
insoluble in water, but soluble in hydrochloric aedd. Dil hydrochloric acid cxinverts 
it into a mixture of mercuric iodide and ehloride, and ammonium chloride. It is 
soluble in aq. soln, ammonium chloride. Mercuric diamminoiodide can be 
formulated as if it were a coinjiound of ammonium and dimercuriammonium 
iodides, 3NH4l,NHg2l. ^ ^ 

A compound with the empirical composition HggNHgOl -the yellow precipitate 
formed by the action of Nessler’s reagent on ammoniacal comjiounds — has 
been ihe subject of many investigations. E. C. Franklin regard! it as mafCluia 
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hydroiyiodoamine, HgOH.NH.Hgl, i,e. the iodide of Millon’s base ; and it can be 
regarded as Hg(HgQH)NHI, grapUc^lly : 

„ xj/HgOH I v,./HgOH 

. H/ \Hg 

as fjxydwwrcuriamtnoninm iodide, NH^fHg.O.Hg)!, or as hydrated dimercurmm- 
moniuni iodide, Hg2NI.H20^ but M. Francois could only {jrc'pare the anhydrous 

According to E. C. Franklin, this compound is formed by tin* action of ammonia 
on inercuric iodide, and, in general, when mercuric iodide and ammonia are brought 
together in alkaline soln. For example, (;. F. Rainmelsberg, and T. Weyl made it 
by passing airimonia gas over .‘^HgO.Hglo at 1H()° ; C, F. Rammelsberg treated 
mercuric iodide with an exci'ss of cone. a<pia ammonia at (>0° ; the red iodide 
becomes white, brown, and finally reddish-brown: 4NH3-f-Hgl2+H2C 
|-Hg2NH20! ; the supernatant liquid is decanted off, and the solid is washed by 
heating it seven times with fresh aqua ammonia. .1. Nessler yvashed the precipitate 
finally with ether. J. Nessler jirepared the sanu^ product by treating an aq. soln. 
of ]»otassiurn iodomercuriate with ])otassiiim hydroxub* and ammonia ; if a little 
alkali hydroxide he used the ])roduct is pale yellow and the »‘olour darkims more and 
more as the amount of alkali is increased : 2K2Hgl4 f 3KOH-f NH3 -7KI f2H20 
-}-Hg2NIf20I. L. (bam<“r obtained an emulsion by using soln. containing gum 
arabic or gelatine. C. F. Kaiumelsberg also converted the corn'sponding chloro- 
conqtound into the iodo-conqiound by digesting it witk potassium iodide. 

C. F. Kaminelsberg reported that mercuric nydroxyiodoamide is a brown 
])owder with a purple-red tinge. It loses a little hygroscopic moisture w luui Inuited 
to 128‘\ and when strongly heated in a retort, out of contact with air, it fuses to a 
brown liipiid, which aftvrwards detonates with a blue light, and givivs off mercury, 
mi'rcuric iodide, ammonia, and nitrogim. When heated to KKf in a stream of 
hydrogen chloride, it apjiears dotted with yellow sjiarks, and emits white fuim's ; 
and if heated to the m.p,, a sublimato is formed of mercuric ammmoiodide, mercuric 
and ammonium chlorides, and ammonium iodide. The formation of water was not 
observed. According to Jf. li. Weiser, the iodkle of Millon's base decomposes as 
low as ]()()'’, but the reaction is not rapid until about The decomposing salt 

exhibits a lumim'scence more distinctly violet than tlu' potassium flame, lie added 
that the orange lumin<‘sc(‘nce of mercury salts is diie to the reaction Hg -ions->undiH- 
sociated mercurous salts ; the green luminescence to the reaction Hg -ions->lfg"- 
ions ; and the violet luminescence to the reaction Hg* ->-Hg. If hi'ated with an 
a(|. soln. of barium sulphide — or, according to J. Nessler, potassium 8ul])hide- the 
cijntained nitrogen is all evolved in the form of ammonia ; it dissolves in a warm 
aq. soln. of pota.ssium iodide giving off ammonia - the litjuid contains jiotassium 
iodomercuriate, KoHgbi, and free potassium hydroxide ; mercuric hydroxyiodo- 
amide, dissolves in hydrochloric acid, forming a colourless liquid which on cooling 
deposits crystals of mercuric iodide and mercuric chloroiodide ; it is not decom- 
posed by boiling potash-lye, and no ammonia is therefore given off und«r these 
conditions. 

• The compound enneamercuriammoniuiii iodide, HgoNilo, was madi* by 
M. Franyois by the action of a -t,A^-8oIn. of ammonia on mercuric tetrammino- 
hexaiodide. d}fgl2.4NH3. The white mass becomes brown. After standing 8 lira., 
the supernatant liquid is decanted off ; the solid washed with water, and dried in 
air. It is then washed by decantation with ether. The reaction is reversible and 
is represented: 3lIg3(NH8)4l(j l-/jNIl3^Hg9N4leT;12NH4l-]jk(n— 4)NH3. This com- 
pound was also made b}' gradually heating mercuric iodoamide between 80"* and 100® 
when the {yhito mass becomes brown and ammonia, is evolved : 12NH2HgI 
=Hg9N4lQ-f 3Hgl2-f-l^^lH3 ; tbe rt*action is not reversible. The same compound 
was made by the action of a 25 per cent. soln. of soifiuni hydroxide, on mercuric 
diainminoioaide' M. Fran9oi8 represents the formula of 3Hgl2.4NH3, by 
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in which two nitrogen atoms an* supposed to In 

M. hran^’ois prepan-d microscopic crystals of and found it to bo insoluble 

m neutral solvents, and to be transformed by cone, soda-lye into mercnrie oxyiodide 
and dimercunainmonium iodide. M. Krunvois also prepared heptamercuriam- 
moniom tetraiodide, Hg7H.>N4l4, bv the action of fio c.c. of ,\A’-ummunia on 
aHglo.4NH3 (*‘4- to 2 gnus of iiHTcuTic iodide) for two (lays with fn‘(juent 
stirring Th** remtnm i.s reversible The brown ervslallme imiss is represi*nted 
a.s being con.stitiited 
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L. P(‘8(‘i att(‘in})tvd to |>repare JJgfNIIjjL liy the action of ammonia on mercuric 
iodide ; and of a sola, of ammonium (’arbonato on freshly pn'cipitated mercuric 
iodide, but he obtained what he regarded as 8NIJ4I ‘lUgl^.’lNHgal, mntnonitm- 
fiierciiri~dniu'rcurmKimomHn^»i^lHU\ Imt which K. C. Kranklm su]>j»os(‘h to be a 
slightly ammonolyzed mixture, NlL.JIg.I 4 llg{NH 8 )nL. 

According to M. Adams. ^ hydro.xylamine does not unib* w ith im'reuric iodide to 
form a complex mercuric hydroxylamine iodide ; the reduction of mereunc oxide tx) 
mercury by hydroxylamine hvdroiodule was so ra))Kl.even tin* cold, that no mU*r- 
iu(‘diate products wen* isolated. The other methods employed in the* preiiaration 
of the double salts with liydroxylamme chloride and mercuric chlori<le are also with- 
out avail. Hence, tlie reducing power of hydroxylamim* or its hydrochloridi* 
increases m passing fnun the cldoride U) the iodide. 
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$ 26. Doable and Complex Salts of Mercuric Iodide— The lodomerouriatei 

Mercuric iodide forms a series of double salts with the univalent metals M'Hgls 
and M' 2 Hgl 4 - according to D. Dobrosserdoff,^ the former are dec(fhipoBed by water, 
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but the latter are fairly stable, The bivalent metals form salts of the types 
and The^ double salts alp supposed to be salts of the complex acids 

HHgIs, H2Hg2lfl. A, Eekul^ says that hydrogen sulphide gives no precipi- 

tate when passed into a cone, soln, of mercuric iodide in hydriodic acid. According 
to M. Berthelot, the heat developed during the* action of hydriodic acid on mercuric 
iodide makes it probable that hydriodomercuric adds are formed; thus, 
Cals., and Hgl2+8ill=5‘8 Cals. Nearly the same amount of 
heat is developed as bv the soln. of mercuric iodide in a soln. of potassium iodide and 
as is the case when hydriodic acid reacts with potassium hydroxide. P. P. G, Boullay 
dissolved a mol of mercuric iodide in one of warm hydriodic acid ; on cooling, 
crystals of menjuric iodide were first deposited, and these were followed by a crop 
of citron-yellow transpanuit needles. The crystals are probably 3Hgl2.2HI.H2O, 
because M. Francois obtained these crystals by an analogous process. The crystals 
give of! hydriodic acid, forming mercuric iodide when exposed to warm dry air ; 
they are decomposed by water, forming mercuric iodidii. G. Neumann evaporated 
a sat. soln. of mercuric iodide in hydriodic acid in a desiccator over sulphuric acid 
and lime at the temp, of a winter’s cold. The, resulting yellow needles had the 
composition Hgl2.HgI, and they became red when I'xjiosed to the air. 

Four double mercuric and ammonium iodides have been prepared with the ratios 
Hgig ; NH4I : H2O as 2 : 1 : 0, 1 : 1 : 1 , 1 : 2 : 0, and 1 : 2 : 1 . P. F. G. Boullay » 
found that a hot aq. soln. of a mol of ammonium iodide dissolves one and a half 
mols of mercuric iodide ; part of the latt(‘r separates out on cooling, and the remain- 
ing liquid furnishoH crystals of hydrated axpioniuin thiodomercuriate» 
NH4l.Hgl2.H2(), or NH4Hgl3.H20. A. Longi and U Mazzolino also prepared the 
same salt from one part of a mixture of two mols of iodoform and three mols of 
mercuric cyanide with four of five parts of alcohol treated in a sealed tube for 
two days at or for a shorter time at 160 ^- 165 '’. Hydrogen cyanide, 

carbon monoxide, carbon dioxide, methane, formic acid, mercury, etc., are formed. 
The yellow oil also produced smells of an isonitrile, and furnishes on evaporation 
crystals of NH4I.Hgl2.H2O which can be purified by recrystallization from alcohol. 
F. Pfankuch previously obtained these crystals, but regarded them as a double 
compound of cyanoform and mercuric iodide, 20HCy3.3Hgl2, a conclusion which 
A. Claus could not verify. Hydrated ammonium tri-iodomercuriate crystallizes 
in yellow needles, which are stable in air, but, according to P. F. G. Boullay, in 
vacuo they become orange-yellow and give off d per cent, of water ; and when 
heated, also, they fuse to a yellow liquid, which gives off 3 per cent, of water, 
and then becomes viscid and acquires a red colour — on cooling, the mass freezes 
to an anhydrous mass of red crystals. If heated to a still higher temp., part 
of the salt sublimes undecomposed, and part is resolved into mercury, mercuric 
iodide, etc. A. Longi and G. Mazzolino give the m.p. as 110 “- 111 '’, and say 
that the liquid freezes to a mass of yellow needles at 75 "* ; they also add that 
the crystals lose water in open vessels at 100®, or in a stream of dry air at 65 °- 70 ®, 
and become orange-red. Water decomposes the crystals with the separation of 
40 per cent, of mercuric iodide, and P. F. G. Boullay adds that the remaining 
soln. contains an excess of ammonium iodide, for it yields crystals of hydrated 
ammonium tri-iodomercuriate when cone, by evaporation ; A. Longi and G. Maz- 
zolino obtained crystals of approximately the composition 12NH4l.5Hgl2, but 
it is not clear if this formula is that of a compound or a mixture— probably the 
latter. According to M. Fran9oi8, in the action of water on ammonium triiodo- 
mercuriate, there is a state of equilibrium which alters with temp, less mercuric, 
iodide separates the higher the temp, of the water, and with a large proportion of 
water a soln. of mercuric iodide in ammonium iodide is formed, while with a small 
proportion 0! water, a soln, of ammonium triiodomercuriftte in ammonium iodide is 
formed. A. Longi and G. Mazzolino say that ammonium triiodomercuriate is soluble 
in alcohol, and rather more soluble in ether ; and that when tjiis salt is treated with 
an alkali hydroxide or sulphide, ammonia is evolved. 



IfBKCJURy w 

A. Ferratmi prepared hfdniA dihfteiine tEiiodoiiMieQli«to» 

HjO, by the action of powdered mercuric toddle on a cone. aoln. of the h^dtaa^e 
salt. After standing two days in vacuo, the aoln. depoaita yellowiaU-whito, pria- 
inatic, hygroscopic plates, which slowly decompose with the separation of mercutio 
iodide. The crystals melt at and the dark yellow tiuid solidifies and melt* 

a second time at This salt is ‘but sparingly soluble in water, alcohol, 

acetone, ethyl act*tate, etc. ; and insoluble m ether. The atj. soln. are stable only 
if a very small proportion of waU*r is present, and the salt very pure. The salt 
is vigorously attacked by cone, nitric acid. 

8. Hajudei and M. Low pre{)arod ammoniom pentaiododmiftrcariat«» NU4I. 
2Hgl2, or NH4Hg2lg, by heating a mixture of a mol of mercuric chluruamide with 
three of metliyl iodide in a sealed tube for lU to 12 brs. at lOl) . This salt forms an 
aggregate of light yellow crystals which can be separated from the mt'rcuric methyl 
monainminoiodide, Hgl2(CH3)NH2, and other products by fractional crystallization 
from nitrobenzene. When gently warmed in a scaled tube mercuric iodide sublimes, 
and with stronger heating ammonia gas is evolved. \Vut«‘r decomposes the salt with 
the separation of merauric iodide ; and it is soluble in an aq. soln. of potassium 
iodide ; and very soluble in alcohol, ether, and nitrobenztme. 

A. G. Duboin made a heavy liquid of h[>. gr. 2118 (26'*) and refractive index l 'r)27— 
sodium light — by alternaUdy adding mercuric and ammonium iodides to a small 
(quantity of water until sat. The soln. deposits crystals of hydrated ammonium 
totraiodomercuriate, 2NH4I.HgI2.H2O, or (NH4)2Hgl4.H20. H. 8t. C. Deville and 
L. Troost found the vapour 4*in8ity of 2NH4l.Hgl2 to bo O -tU at 300*^, and fi'38 at 
440'^. A. G. Huboin ^ prepare^ll heavy liquid of sp. gr. 3 28 at 2r)'63'", and refractive 
index 1'783 — sodium light — by alternately adding mercuric and lithium iodides to a 
small quantity of water until sat. The sobi. gives a precipitate of mercuric iodide 
with water, but is soluble in alcohol. On standing, the soln. depostts hozahydratad 
lithium tetraiodomercuiiate, 2Lil.Hgl2.(>H20, or Li2Ugl7.6H20, in the form of 
long, tlattenod, deliquescent needles, having a sp. gr. 3*20 at O'", rcadily soluble in 
methyl, ethyl, propyl, isopropyl, isobutyl, amyl, or allyl alcohol, glycerol, acet- 
aldehyde, acetone, formic or acetic acid, ethyl acetate, or oxalaU^, or ether; less 
soluble in nitrobenzene, ethylene bromide, or chloroform ; insoluble in benzime 
or methyl iodide ; and decomposed by water. The mother liquor from which the 
crystals have been removed yields at 8’ a second OCtohydratod Uthium tatfEiodo* 
mercuriate, Li2Hgl4.8H20, or 2LiLHgl2.8H20, in the form of large, soft, prismatic 
crystals, melting in the hand, having a sp. gr. 2 yo at 0"', clom-ly resembling the first 
compound in solubility, but insoluble m cthylem! bromide and almost so in nitro- 
benzene. F. Calzolari and U. Tagliavini prepared the hexamethylenetetramine 
derivative of A. G. Duboin’s salt. J. E. Marsh prepared a number of comnouiM|U 
of mixed lithium halogenomercuriati-s with ethyl ether-^.^. LiBr.HgBr2.4(C2H4)j(J ; 

LiBr.HgCL.lCgHslaO ; Lia.HgBr2.(C2H,)20 ; Lil.Hgl2.6(C2H5)2U ; Lil.HgBr,. 

j^CgHslzO; LiBr.Hgl2.4(C2H6)20. 

According to P. A. von Bonsdorll,* the evaporation of an aq. soln. of sodium 
iodide ^at. with mercuric iodide over sulphuric acid in a desiccator furnishes deli- 
(jucscent yellow rhombic prisms of a double iodide of sodium and. mercury whose 
composition was not determined but was possibly, 2Nal.Hgl2. About the same* 
time, P. F. G. Boullay noted that a hot soln. of two mols of sodium iodide in 
a little water dissolves over three mols of mercuric iodide, and on cooling some of 
the latter separates out. The evaporation of the mother-liquid gives a yellow 
mass which is not crystalline, and which probably contains some yellow nfercuric 
iodide, because when tljp inner surface of the basin is scratched with a glass rod, 
red mercuric iodide appears to be formed ; if this be dissolved in warm water, more 
mercuric iodide separates jut on cooling, and the mother liquid, whei^ evaporated 
slowly, gives debquescent needle-hke crystals—probably fodium tefriiodo- 
merciuiate, 2NaI.Hgl2, but no analyses were given. J. B. Berthemot attempted 
to make the double salt by boiling mercuric li^idc with aq. or dlcohoiic iomum 
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hydroxide, or sodium carbonate ; or by boiling mercuric or mercurous oxide with 
aq. sodium iodide l^e obtained a deli(|uc8c.ent mass, but not definite crystals. 

A. G. Duboin prepared a heavy liquid of sp. gr. 3‘46 at 26°, and refractive 
index 1797 — sodium light — by alternately adding mercuric and sodium iodides 
to a small quantity of water until sat. The soln. absorbs a little moisture from the 
air, and gives a pri'cipitate of mercuric Iodide when mixed with a large proportion 
of water ; the liquid is soluble in alcohol, aldehyde, acetone, formic acid, acetic 
acid, propionic acid, butyric acid, valeri(‘ acid, ethyl benzoate ; and insoluble 
in benzene, monochlorobenzene, chloroform, ethvlen(‘ bromid(‘, and ethyl nitrate. 
Cellulose! swells up and becomes transparent when placed m this liquid, and when 
the ])roduct is washed with an aq. soln. of sodium iodide, it dries to a horny mass. 
When A. (jr. Duboin’s soln. is very slowly- “ some wei'ks "—evaporated in dry air, 
it furnishi'R deli(jues(!ent flatteiu'd crystals of tetrahydrated sodium tetraiodo- 
mercuhate, 2Nal.HgI2.4H2O, which have a Hp. gr. of about 3 at O'". E. Rupp 
prepared the anhydrous salt, 2NaI.Hgl2, by the ju tion of an alkaline soln. of iodine 
on mercuric cyanide. 

P. F. 0. Boullay found that a boiling soln. of two mwls of jiotassium iodide 
dissolved tlire«‘ mols of mercuric iodide, and deposited on cooling one mol of 
mercuric iodide, but not so much in the pre- 
sence of alcohol. A. Souville and F. Laboure & 
got over two, but not so much as three mols of 
mercuric iodide in a soln. with two mols of potas- 
Hium iodide, and it ivas therefore argued that the 
conqiound 2KI.3ilgl2 is not formed in the soln., 
but that mercuric iodide is dissolved in a soln. of 
Kl.HgR, since on evaporation it yields needle- 
like crystals of this suit ami cubi'S of potassium 
iodide, (k .1. Tanret found that a soln. of 10 grms. 
of potassium iodide in PK) grms. of water dis- 
solved 1473 grms. of mercuric iodide at 20°. 
M. Francois noted a break in the solubility curve 
of mercuric iodide in soln. of potassium iodide, 
as illustrated in Fig. 31, winch n'presmits as 
abscissa! the number of grams of jiotassium 
iodide per PK) c.c. of liquid ; likewise with 
mercuric iodid»‘ as ordinates. A selection of his numbers, at 20"', is : 

KI . 8065 30440 62-436 62 814 63-036 71-427 82-740 94 104 

llgl, . . 13-72 56 09 94-09 116-45 116 22 120-76 131 88 146-7 

Tlie break, J,*^iu the curve for 62'8 gnus, of potassium iodide and 116 2 grms. of 
mercuric iodide is attributed to the change in the solid phase from HgL to KI.HgIg. 

The solubility of mercuric iodide in aq. soln. of potassium iodide has been 
long explained by assuming that a soluble double or complex salt is formed. 
M. 8. Sherrill examined the nature of the complex salts (i) from measurements of 
the e.m.f. of couc. cells of the typo Hg | Hglasoin. 0, Hglzsoiu. ft | Hg ; (ii) from the 
' effect of mercuric iodide on the f .p. of soln. of potassium iodide ; (iii) from the 
distribution of mercuric iodide between benzene and aq. soln. of potassium iodide ; 
G. Bredig and J. H. Walton (iv) from the effect of mercuric iodide on the catalytic 
decomposition of hydrogen peroxide by soln. of potassium iodide on the assumption 
that the velocity of the decomposition is proportional to the couc. of iodine-ions 
which is diminished in the presence of mercuric iodide ; Dawson (v) from the 

partition of mercuric iodide between water and carbon disulphide or carbon tetra- 
chloride ; |1. Rieger (vi) from the conductivity of soln. of potassium mercuric 
iodide being smaller than the sum of the conductivities of the constituents ; and 
R. Abegg, C. Immerwahr, and F. Jander (vii) from the solubility of mercuric iodide 
in soln. of potassium iodide, where the mol. ratio K1 : HgL^ for soln. sat. with 
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mercuric iodide falU from 2*2 fUr a 0'(>31Y-aolii to 1*82 for a A^-soIn. of potamium 
iodide. The general conclusion in that the eoln. contain the goraplexea 
and 3KI.2Hgl2. Eijiresaing the components in the order Hglj : KI : Hj{0, the 
five salts 1 : 1 : 0, 1 : 1 : 1, 1 : 1 : 1}, 2 : 1 : 0, and 2 ; 1 : 2 have been reported. 

A. C. Dunningham has studied the three-comjmnent systi'm Hglg — KI—HjO 
at 20"^ and at 30^, and his rt‘sults ore plotted in Pig 32. There is no evidence of 
the formation of mixed crystals with , 

potassium and mercuric iodidi's ; and ^ 

the following four solid phases, KI. /\ 

KHgIs. KHgljH.O. and IlgL. wen* 

alone found to exi.st in eijuilibnum with ' A\ 

the soln. The })oint E represents water ; / * y \ \ 

F, potassium iodide ; G, mercuric iodid** ; \ \ \ 

J/, potassium triio<lomercuriate,KHgI,i. / 

and iV, rnoiiohydrated jiotussium tn- A '' ' 

iodomercuriate, KHgl^ H^O. The line / 

AB represents the rajige of sat. soln / *, 

coexisting with solid jiotassium iodide : \ 

BC, with solid potassium triiodomer- ^ ^ v V 

euriate ; ('/), with solid hvdrated potas E ^ 

sium triiodomin urmk , lm\ UE. with '•''O- 3-’ 

,1 11 j Ti .u li inagram for th«* I ernury System, 

solid mercuno eliloride. I he point It ii^, KI -HjO • 

represents a sat. soln eoex|^ing with * , 

solid potassium iodide and flriiodomercurmU* , with solid potassium tri- 
iodomercunate and its monoliydratcd suit ; and IK with solid liydrat^'d potassiuni 
triiodomereuriatc and mercuric iodide. The area FAB re]>resents mixtures of 
the sat. soil], on AB and solid potassium iodide; B^M, on B(' and solid 
lodomereiinate , (\\1), and Cl) and solid hydrated potassium triiodomereiiriatc ; 
EDO, on I)E and solid mereurie iodid<* ; FBM, mixtures of soln. B and solid 
potassium iodide and triiodomereiiriatc ; MCN, soln. C and solid potassium 
iodomer<’iiriat<‘ and its monohydrated salt: NDG, of soln, 1) and soli.l hydraU'd 
potasHiiim triKshmuTCuriate and men uric iodide; and DJN(i, solid mixtures of 
mercuric iodide, jiotassiiim triio<lomercuriate and its monohydrat/c. When solid 
mercuric iodide is added to u sat soln of ]>ota,ssium iodide, rejiresented by .4, 
the composition of the mixture follows the line AG. 3 he first solid phase which 
separates is hydrated potassium Iriiodomereuriale, Kllgl^ HaO. A. 0. Dunning- 
ham also studi^'d the ternary 8yst<*ms : potassium iodide, ether, and water at 
20"'; mercuric iodide, ether, and water, and j»otussnim and mercuric iodides and 
ether at 20 , and again found the range of the existence of potasiiium lodome,*- 
curiate, KHglg. but of no other ioduh* lb* also worke<l out the conditions of 
e<|Uilihnum of the four-component «>r «juat^*rnarv svst4*m : mereurie, and ]»otassium 
iodides, ether, and water. • ^ „ r 

P. P. G. Boullay obtained crystals of potassium truodomercunate, Ilgli.Kl, 
or KHgJs, by cooling a hot sat. soln. of mercuric iodide in potassium iodidi? until 
one-third the mercuric iodide which was m soln. harl separated ont ; by further ^ 
cooling the mother lujuor, prismatic crystals of this suit were said to be formed. 

If mol. proportions of the component salts W.used, W. A, H. Naylor and K. J. Ohappel 
gay that a mixture and not a compound is formed. P. A. von Boiuidorff evaporated 
u soln. of potassium iodide, sat. in the cold with mercuric iodide, in dry air, y over 
sulphuric acid in a desiccator, and obtained crystals of this salt ; he also evaporated 
a sola, of mercuric chloride in potassium iodide until crystallization occurred, and 
extracted the double salt with alcidnd potassium chloride remained os an insoluble 
residue. J. B. Bertheraot likewise prepared yellow cry'stals of this ^iWm (X)oling 
the liquid obtained by l)oiling mercuric iodide with alcoholic potassium hydroxide 
or carbonate ; and also by boiling mercuric oxide with an aq. soln, of potaMium 
iodide, so that the proportion of mercuric to |)otassium iodide is as 1 : 1, the liquid 

IV 0 
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contains potassium hydroxide and deposits ciys^ls of KI.Hgl2. If mfircurons 
oxide is used some ipercury is formed and if the oxide be in excess, some mercurous 
iodide as well. According to J. E. mrsh and R. de J. F. Struthers, this salt can be 
extracted from an aq. soln. of 2KI.Hgl2 by ether, ethyl formate, or other solvents. 

Potassium triiodomercuriate forms long yellow prismatic crystals similar 
to the ammonium salt. M. Berthelot giVes the heat of formation from red mercuric 
iodide as 21 Cals., and from the yellow, 5*1 Cals. P. F. G. Boullay says that when 
the salt is heated it loses a litlle water, and melts to a red liquid from which mercuric 
iodide sublimes. R. Brandes and G. Bohm said that if the temp, is not too high 
the molten liquid is yellow and solidifies to a greenish-yellow mass with a radiating 
fracture ; at u higher temp, the liquid is brown, and the solid has a granular 
fracture ; at a still higher temp, the molten salt is dark brown, and gives of! mercuric 
iodide. The mol. lowering of the f.p. of aq. soln. was found by F. M. Raoult to be 
According to P. F. G. Boullay, water separates about half the mercuric iodide, 
and forms a soln. of 2KI.Hgl2. This is probably a wrong inference. According 
to A. C. Dunningham’s work, if water be added to potassium iodomercuriate, 
KHgla, th(! com]) 08 ition of the mixture can be represented by points on the line 
ML', Fig. ,‘J2. When N is reached, all the salt is converted into hydratt'd potassium 
iodomercuriate ; further additions of water cause the formation of soln. D with 
the two solid phases, nuTcuric iodide and hydrated potassium iodomercuriate ; 
at P, all the last-named salt is decomposed and mercuric iodide alone appears as 
solid plm8<\ The mixture then follows the line DE, more and more mercuric 
iodide being formed as tlu* proportion of water inerjases, until, at E, the soln. is 
virtually pure wat(*r, for the solubility of mercuric iodide can, for the jiresent 
puqiose, be regarded as negligibly small. P. F. G. Boullay states that dil. acids 
separate all the mercuric iodule from potassium iodomercuriate. J. B. Berthemot 
and P. F, G. Boullay ^^ay that although cone, acetic ac id dissolves neither of the 
conqionent salts, it does dissolve the double salt, and th(^ doubh; salt also dissolves 
in ether ; tin* addition of wat<u to the alcoholic soln. precipitati's mercuric iodide, 
but R. Brandes and G. Bohm said that the alcoholic soln. may be mixed with the 
ethereal soln. without jirecipitation ; and that a soln. in 70 per cent, alcohol 
deposits crystals of mercuric iodide during spontaneous evaporation. A. C. Dun- 
ningham, and J. E. Marsh have made a special study of the action of ether on 
this salt— a double salt, KHgl3.4(C2H5)20, is formed. R. Brandes and G. Bohm 
also found the salt to be permanent in dry .air, but hygrosiropic in moist air ; 
and if a thin film of the salt be formed on a watch-glass by the evaporation of 
its alcoholic soln., the colour is red when breathed upon, and the yellow colour is 
restored when gently heated. W. PawlofI found that the crystals sinter at 69° ; 
they become red at 72°-80° ; and they begin to volatilize at 104 5°. The molten 
salt if shaken freezes at 105°, but otherwise it remains liquid down to 85°, when 
it solidifies and the temj). rises to 104’5°. The last traces of water are expelled at 
191°--195°, and it decomposes at 204° into its components ; P. Walden and 
M. Centnerszwer say the salt melts at 117° to a red liquid, and that it loses over 
one per cent, in weight when heated to 98°, but the loss of weight is not constant 
because some mercuric iodide is lost by volatilization along wdth the water. 
M. Berthelot gives the heat of formation from red mercuric iodide as 2*3 Cals, 
and from the yellow iodide 5’3 Cals. According to P. F. G. Boullay, mercury 
distils from a heated mixture of potassium triiodomercuriate and copper or iron ; 
('hlorjpe decomposes the heated salt, and potassium chloride remains. 

W. Pawloff prepared hydrated mercuric triiodomercuriate, KHgls.NsO, 
by crystallization from a soln. of equimolar parts of the component salts evaporated 
in a desiccator ; and when a mixture of the component' salts is allowed to stand 
for a few yeeks in contact with undried ether this double salt is formed. P. Walden 
and M. Centnerszwer crystallized the commercial salt from a boiling mixture of 
acetone and benzene, and evaporated the soln. slowly at ordinary temp. The 
lower deep-red layer of liquid furnishes crystals of this salt which can be dried at 
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temp. The crystals are straw-y^ow hygroscopic prisms or needles. 
The limits of stability of the salt in contact with water are IndicaW in Fig. 32. 
All are agreed that the salt is decomposed by water ; and J. B. Marsh says that 
when the yellow crystals are moistened with wat^'c they become red — presumably 
owing to the formation of red mercurie iodide, but he says that the crystal* 
can be dissolved in a little water, and that the liquid obtained by heating the 
salt to 117® is a soln. of the salt in its water of’crvstalliration. W. Pawloff 
found that the salt is not decoinpow'd by dissolving it in alcoliol or acetone. 

J. E. Marsh says that the salt is not very soluble in dried ether, but is easily soluble 
in undried ether ; that the solubility is great<*r in cold than in w'arin ether ; and 
that the soln. in ether is aceonipanied by the development of heat, and the formation * 
of a compound. KHgl3.4(CiH5)20. 

W. A. H. Naylor and E. J. Chapind claim to have made the seaijuiliydrated 
salt, KHgl3.1 JH.,0, by dissolving 4f» grins, of mercuric iodide and 10‘5 grins, of 
potassium iodide in 20 c.c, of lioiling IK) per c«-nt. alcohol. Yellow erysUls of tJie 
salt separate out duriiij^ the cooling of the filtered soln. E. 0. Clayton also obtained 
similar crystals by allowing a cone. soln. of NesshT’s reagent to stand for some time. 
The crystals were washed with alcohol and dried. M. Frunvois also obtained this 
.same salt. Thert' is, however, some doubt if this hydrate really (‘xiste. 

P. F. G. Boullay assumed potmsiufn tdraiodoinercuriate, 2Kl.llgl2, or K^Hgl^, 
to be present in the liquid obtained by dissolving jotussium triiodomereuriate in 
water, when he supjiosed that half the mercuric iodide separates out. On evapora- 
tion, the soln. furnished a yi^.av' raa-ss but no crystals ; when treat^'d with water, 
the yellow mercuric iodide remains undi8solv«‘d. but is dissolved on shaking the 
mixture. Both A. Souville and F. Labour^ showed that tin- soln. contaiiiH not the 
tetraiodomercuriate, but is rather a soln. of potassium iodide in (fne of potassium 
triiodomereuriate. W. PawlofT says that if th<* conqioneflt salts are }»resent in 
aq. soln. in the ratio Hgl2:2Kl, crystals of the douhle salt. HgL 2K1.2HoO, are 
formed. S M, Jorgensen has said that if a sedn. of iodine m one ed potinwium 
iodide be shaken with men ury, part<»f the iodine forms insoluble mercurous iodide 
and the remainder g()e.s into soln. as 2Kl.}IgL. J. M. Thomson ami W. P. Bloxam 
say that this salt separab's from a 8U]>er8aturated soln. wln-n se(*d«*d with needle- 
like crystals of mercuric iodide, but not with ciystals of potassium iodide. E. Hupp 
made it by the action of hydrochlorm acid and potassium iodide on mercuric cyanide 
or chloride ; E. Kuji]) and W. F. Schiriner. by the action of jaitassiurn iodide on 
mercuric oxide, and they jiropose a method for detennming mercuric oxide in oint- 
ments by dissolving the oxide in water (ontaining 8-12 times its weight of potas- 
sium iodide, and titrating the soln. with ,’iA'*HCl, using methyl orange as indicator. 

L L. de Koninck and J. Ix*brun also baw; a method for the. volumetric deter- ^ 
mination of yiercuric chloride by titration with potassium iodide ; the separation 
of mercuric iodid<*, say F. Auerbach and W. PlUddemanu, iKgins when this double 
salt, 2Kl.Hgl2, is formed : HgCl2-f4KI=Hgl2.2KI'f2KCl ; but there is a slight 
error owing to the separation of mercuric iodide before all the mereury salt required 
for the teat-named reaction has been added ; this is due to the secondary reaction, 
Hgl2.2KI-fHgCl2->2Hgl2-f2KCl, which depends on the relative concentrations • 
of the salts in soln., and for which a correction can be made. J. E. Marsh and 
B, de J. F, Struthers made this salt by the action of different ketones — acetone, 
diethylketone, acetophenone, etc. — on a soln. of mercuric iodide in cold potash- 
lye. K. G. van Name and W. G. Brown studied the equilibrium of soln. of Was- 
sium and mercuric iodides, and obtained evidence of the formation of the double 
salt2KI.Hgl2. • 

The facts are not very definite as to the formation of 2 Kl.Hgl 2 , siijce most of 
them can be interpreted by assuming that soln. of mercuric iodide in {mtaoeium 
iodide are formed, and there is the very ch*ar evidence of A. 0, Dunnmgham that 
this salt does not exist in aq. soln. between 20® and 30®. Consequently, the reaction 
etc., said to be due to the formation and properties of this salt really refers to a 
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soln. or mixture of ])otaHHiuni iodide with potassium triiodomercuriate. For 
example, J. Thomsen gave the heat of soln. of a mol of mercuric iodide in two of 
potassium iodide as 3 45 Cals., and the heat of soln. of the salt in 800 mole of water, 
as -9‘81 Cals. E. Rieger found the electrical conductivity of 0 214 mol of mercuric 
iodide and 0 782 mol of potassium iodide per litre to be 7 0x10"^. R. Behrend 
studied the e.m.f. of aq. soln. of the salt. F. Bezold said that the salt is copiously 
soluble in methyl acetaU;, ahd that hydrogen sulphide does not change the soln. ; 
dry ammonia produces no change ; but hydrogen sulphide in the soln. sat. with 
ammonia produces a red precipitate of mercuric sulphide. E. Alexander and 
M. Hamers found a similar behaviour with soln. in ethyl acetate. By electrolyzing 
a soln. of the salt in liquid sul])hur dioxide, L. S. Bagster and B. D. Steele obtained 
a ])r(‘( ipitate containing Hulj)hur on the catho(k.‘. J. M. Eder and G. Ulm warmed 
the a(|. soln. for a long time with sodium thiosulphate at 81)'", and obtained a volumi- 
nous precipitate — a mixture of menmrous iodide and mercuric sulj)hide. 
H. WegeliuH and 8. Kilpi remov<‘d iodine from the soln. by the addition of moist 
silver chloride, and they noted the formation of silver tetraiodomercuriate, 
Ag.jiHgT 4 , which below .50° is yellow, and red above this temp. H. Ley and 
G. Wiegncr ])rcpared a white potassium diamminotetraiodomercuriate, 
K 2 Hgl 4 . 2 NH 3 , by the action of ammonia gas on potassium tetraiodomercuriate. 
The compound loses its ammonia after si'ven hours’ exposure in vacuo, and becomes 
Hid. W. Platers found the vapour tension rises from 17 mm. at 0° to 272 mm. at 
55°. Numerous compounds of mercuric iodide with organic compounds have 
been rejmrtcd — c//. A. Naumann’s compound witlir^tcnzonitrile, KHgl^.hOJI^.CN ; 
etc. 

F. llofm(‘ister has studied the action of this salt on albumen. C. J. Tanret 
recommended the salt K. 2 llgl 4 as a reagent for albumenoids ; and E. L. Winckler, 
W. DellTs, J. E. de Vr^j, W. R. Grove, F. F. Mayer, C. J. Tanret, F. A. Fliickiger, 
G. Herk('], 1. Ouareschi, etc. , have recomnnmded the same reagent on account of 
the colour reactions it produces with alkaloids. G. Romijn ® has recommended the 
alkaline soln. as an oxidizing ag(‘nt. An aq. .soln. of imtassium and mercuric iodides 
can b(' made with a s)). gr. and glass floats on the liquid. The soln. 

has bet'll recommended by A. H. Chim'h, J. Thoulet, V. Goldschmidt, J. Joly, 
and others for separating a mixture of minerals above and below the sp. gr. of the 
liquid. According to V. Goldschmidt, the soln. is bi*st prepared in the following 
maniK'r : 

Stir U05 of incnairio iodide and 246 ^'rms. of potussium iodide will) as little water 
03 13 lu'ccssary for tho soln of tho solt.s. Tho ratio kI : HgTj is as 1 : 1‘239, and this ])ro- 
oortioii givt'H tlu' Ih'hI result. Tho lupnd is evaporated on tho water-bath until a piece of 
hmnualine, s|* gr. 31, floats on it. tlie lufuid is allowed to cool, and its sp. gr. will bo nearly 
3190 in winter, 317 in summer. Aeicular crystals of a hydrated double salt separate on 
cooling ; the ])reeipitnlo can be dissolved in a few drops of water, or it cai\ be filtered off, 
dissolved in water, and evaporated to the necessary concentration. If too much potassium 
lodidi' 1)0 Used, crystals separate on the surface of tlie liqiud ; and if too much mercuric 
iodide be u.sod, a mass of yellow needles «eparate.s ; this con be dissolved in water, but red 
meifuric iodide is simultaneously deposited, and is dissolved by agitation with, a soln. of 
potassium iodide. 

The cone. soln. is decomposed by adding water, aud red mercuric iodide is deposited, 
but redissolvod on agitating the mixture. The sp. gr. changes on long standing 
owing to the absorption of moisture from the air. The sp. gr., D, of the soln. with 
W gnns. of the solid salt to 100 grms. of water is : 

D . 2-940 2-717 2 243 1-873 1'646 1-247 1-193 1 139 1 091 1 0477 

W . 617-24 466-96 266 2 150-6 830 33 9 25 809 18-206 11 677 6001 

The solii.*^ is nut affected by exposure to light. H. 'S. Hatfield, however, found 

that if iron compounds be present, the reaction : 2KI-4-0+Hg-f H20=2K0H+Hgl2, 
occurs iu suukght, since under these conditions iron compounds are strong catalytic 
agents. The soln. is 'decomposed by organic matter— filter paper, etc. The 
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liquid is poiaonous, and attat^w th^* akin. Metals ~d(*riv(^ from the grinding 
apparatus, etc. — decompose the solu. with thcjSi'paration of mercury. It is diflBoult 
to wash the heavy soin. from the particles If minerals, and*8ome minerals — e,f/. 
febpar, chrysocoll, xeolites, clays, and colloids -ilei'ompose or adsorb the soln. 
very tenaciously. The cone, soln. are very viscid/ and the vist'osities have been 
measured hy E, Clerici ; aud A G. Dubdiu lia.s ineasunnl the ndraetive indices - 
u soln. of sp. gr. 3' 19(5 1ms a refractive index l ltV) -for the Na-liiio, 

An alkaline soln of the douhlo (kotassium oml tnercuno uhIuIo— oalltHl Nssslsr's lOllltiOIl 
— IS asetl for the colorimetric iletenuination of atnmotua, fur it tfivivi a yellow or brown 
coloration with anutionia or ammonium salta, and the int-enHity of the colour is pmjMirf ional 
to the concentration of tlio ammonia preaimt The unvmitato w-ith Nessler’s rt^a^oait is 
supposed to lx« inen'uric hydroxynxloairudo : Nllj f -l-SKOlliaTKl i 

f HgOH.NII.Hgl. S^'verd methcKls of jireparing the ix^agent have Um'ii published in 
analytical works. .\ htix' of Neiwler's solo, is usually ma<le l>y dissolving (50 grins, of 
potassium iodide in lOO e.c. of water and pouring Ihw solu. on 25 gnus, of in«'rcuric ohloride 
in a gla/wl porceluin mortar, 'rho mixture is tnturab'd until all is dissolvisl, and the solu. 
mmlo up to 750 cc by the luldition of water. Add 150 grins of polaHsiuiii bydroxide in 
sticks, and, when diasoA'ixl aud coolwi, grailually ivdd sutheieiit of a sat soln of mennirie 
ohlondc to produce a slight jwnnanent prtM^ijatab^ ; ihl. the soln to a litre ; and, after it 
has stood for some tiuu* to h't the pns'ipitate setth'. dis-anl oft tiie clear lapiid I’he soln. 
IS preserved in a bottle close<l with a \v«‘ll-lltting rubls*r stopper J ranret ' mixed 

14 73 gnus, of meirura^ iodide with a soln of 1(> gnus of pufassmin nxlide in 100 gnrw. 
of water, and iuldt*d half its volume of a 1 . 3 soln. of sodium hyilroxide. C I'lgi'Iing says 
that tho jiresonce of mereune chloride raises the seiiHitueness of (ho reagent, hut sodium 
or potassiuni chloiide has no ix'sult. L h. d<» Koniiu'k says that Ne.ssler’s rt'ageiit d»s's 
not give a coloration or a pn^p>itat<* with atrunonia m absolute alcohol soln. ; luid the 
presence of uli‘oli(»l m (ho twp soill. hinders the n^action.; the corresponding rew'tion with 
nicicuric chlondt' ui.Miliing in the tormation of mereune chloroamide, llg(NH,)t'l, is nut 
so much aflcctcd by the prchcnce of alcohol. (’ J 'I'ann't says that the ammonia reaction 

15 not presi'iitesi with methyl- or ethyl-amine, but K. \V t'huritsehkoft says that the aniine 
liydrochlondes winch are dccoinposiHl by iwj. soln. of jiotassium iodide cfo give the reaction, 
b. Rosenthuler noted that organic compounds w’lth primary orfocondary liydnAvl groups 
are reduced, while tho.se with tertiary hydnixyl groups are not reduce<l by •! Nessler’s 
reagent. Various other organic compiauids were found by J. Vamvakas, H, Ditie, 
K. Schul/.e, 1‘. X. Huikow and C. KuliimolT, ete , to reduee Nesshu ’s reagent gelatine, for 
mstonce, gives a Icuil-oolounMl emulsion ; gmn arabic also giv<*s a grey pri'cipitation which 
13 [irovontcd liy tartaric acid 

H. Erdmann,^ and Jl. Groftsinann obtained yell«)w priHiiiH or needlcK by cooling 
a soln of niercurie iodide in hot eqnc. riibidiuin iodide, H. lirossinann found them 
to b(‘ rubidium triiodomercuriate, HbHghj, or llbl.HgL 'I'hey are mimi diately 
di'eoMiposed by wab r wnth the separatum of niercurie iodide ; they dissolve with- 
out deeomjiosition in ah ohol ; they are n-adily solubh* in aee.tie acid, anti behave 
ehemicallv like the other alkali coinjdexes with niereurie iodide 11. Grossmann 
made yellow lustrous four-sided plab-s of rubidium tetraiodom6rcuriltte« 2KbI.Ifjfl2, 
or Kh 2 U^?l 4 f from a soln. with the comjionent salts in mol. proportions. The cryiitab 
become mutt on exposure to air, and are easily solubh* in Water. 11, Grownianu 
al.so obtained yellow [dates of rubidium dibromodiiodomercuriate» Kb 2 HglJr 2 l 2 , 
or oUbBr.lIgL. from a soln of mereune iodide m rubidium bromide ; the crystala 
are decomposed by water into tlieir (umiponent salts ; but they dissolve in alcchol 
without decomposition. , 

H. L. Wells® [irepared five cjcsmin iodomercuriates, Csallglft ; ; 

CsHgIs ; CsgUgals ; and C^sHgals- i'he corresponding chloride^ and bromides of 
all except (’sgUgglg have been made, but no iodide or bromide corresponding 
with CsHgjCln. It is suggest^-d by H. L. Wells that J. Holmes’ aniwionium 
octochlorotrimcrcuriaU* (NH^liHggClfj IH^O, is the same type of compound as 
the salt Cs-^Hgalg. According to H. L. Wells, the double iodides of nuTCUry and 
csesiiim arc all yellow. The colour of the salts CsHgoIs and CsgHgaIg, resembleg 
normal potassium chromftte, and the others ‘become paler as the proportion of 
the cffisiuin salt luereases. All of them are decomposed by water, forming com- 
pounds containing more mercuric iodide than the original salt, •or, at the limit, 
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merctiric iodide iteelf. It is therefore possible to take any one of these double 
salts, and, by recrystallizing from wak‘r and evaj)orating the resulting sohi. to 
prepare the complete series of five \lduble 'iodides, as well as the component 
simple iodides, without the use of any new i»iat<!rial. It is noticeable that the 
iodides differ from the chlorides, and bromides in not ineludiu^z a salt that can 
be reciystallized continually from wateri This peculiarity is doubtless due to 
the comparative insolubility of mercuric iodide. 

The salt csBSium pentaiodbmercuriate, or 30sI.Hgl2, is prepared like 

the corresponding chloride and bromide by crystallization— by cooling or sponta- 
neous evaporation— from very cone. soln. of caisinm iodide with but a small 
proportion of mercuric iodide. S. L. Penfield says the crystals are of diverse habit 
ancf belong to the rhombic bisphenoidal system with axial ratios a: b:c 
~0T)362 : 1 : 0'97975 ; H. L. Wells gives the sp. gr. 4‘605. When this salt is 
dissolv(‘d in a small (quantity of hot water, caesium tetraiodomercuriate, CB2Hgl4, 
or 2 C 8 l.Hgl 2 , crystallizes out on cooling, but with a larger proportion of water, 
everything remains in soln. ; the same salt is produced under wide limits of con- 
ditions by cooling mixed soln. of the cornjjonent salts with the ccesium iodide in 
excess. The crystals have diverse habits, and belong to the monoclinic system ; 
8. L. Penfield gives the axial ratios a : b : c--l‘3ir)5 : 1 :U 92G(), and 09^^ 56'. 
According to T. V, Barker, these crystals are isomorphous with ammonium selenatt^ 
(NH 4 ) 2 Se 04 . The sp. gr. is 4*806. The salt is not dissolved or decomposed by 
alcohol ; but it is decomposed by watt'r giving either one of the salts containing 
mercuric iodide or im'rcuric iodide alone ; all depends on the proportion of water 
used. The salt csesium triiodomercuriate, Hglg.C^iror CsHgIs, is formed only 
witliin narrow limits of concentration from soln. with a little more mercuric iodide 
or water than the two preceding salts. It is eash'st to dissolve 0 B 2 Hgl 4 in a little 
hot wat<ir, and on cooling the salt CHllgl 3 can be obtained, although it often happens 
that all three salts : Csgllgglg, CsHgIg, and (J 82 Hgl 4 , are successively deposited from 
the soln. ; and it is dilliciilt to isolate CsHglg in a pure state'. The crystals form 
thin transparent plates ; the crystal angles have not bei'n measured. When the 
crystals are pressed on paper tlu'y rapidly become opaque, but H. L. Wells says 
“ ho was unable to determine w'liether this is caused by mol. rearrangement or loss 
of water of crystallization.” An air-dried sample after press, on paper had no 
water of crystallization, whereas a sample quickly dried on paper had a composition 
in agreement with (^sHglg.HoO. The salt caesium octoiodotrimercuriate, 
2 Csl. 3 Hgl 2 , or CH 2 Hg 3 lg, is formed under widely varying conditions ; and is most 
conveniently made b)* cooling a soln. of C 82 Hgl 4 in the proper quantity of hot 
water, or by treating the same salt with not too much cold water. The monoclinic 
crystals vary considerably in habit, triangular plates and elongated prisms are 
common forms. S. L. Penfield gives the axial ratios a: b: c=0*3438 : 1 : 0*3544, 
and j8~71° 55*5'. The sp. gr. is 5*14. The salt dissolves in alcohol and is decom- 
j) 08 ed by water with the separation of mercuric iodide. If a hot aq. soln. of csBsium 
iodide is sat. with mercuric iodide, caesium pentaiododimercuriatei CsHgglg, or 
C 8 l. 2 Hgl 2 , contaminated with more or less mercuric iodide or CsgHggIg is separated 
out on cooling, but if dil. alcohol be used as solvent, this salt is readily formed in 
yellow prisms, which become red on standing in the aq. mother liquid ; they are 
more stable in alcoholic soln., but when dried by pressing on paper they quickly 
become red without losing their crystal form. The decomposition products are 
probably Hgl 2 and CsgHggIg. The crystal angles have not been measured. 

H. E. Wells has made three double salts with bromine and iodine, vtls. 
C 83 HgBr 3 l 2 ; C 8 HgBr 2 l 2 ; and C 8 HgBrl 2 ; and one chlproiodide, Cs 2 HgCl 2 l 2 . 
When atU'mpts were made to prepare bromoiodides with a larger proportion of 
iodide, there was an interchange of the halogen, and nearly pure double iodides 
wore formed'. Csesium tribromodiiodomercoriate, CsgltgBrsIg, or 3 CBBr.Hgl 2 , 
forms rhombic bisphenoidal crystals like those of CssHglg, with a pale yellow 
colour; oseMum mbromodilodomercuriate, C 82 HgBr 2 l 2 , or 2 C 6 Br.Hgl 2 , forms 
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raonocUnic crystak like those ot GbsHkI 4, with a faint tinge of yellow. This salt 
J8 possibly dimori)hic, although only one forijn has yet been prepared. When the 
hot 8oln. cools, thin plates resembling thow' of the chloride, *broniide, or ehloro- 
broniide are deposited lirst, and when the dilution is right, thest* crystals can be 
removed and stout inono<*linic crystals like the iodide obtained. Only one form 
of Cttnam bromodUodomercariate* Hgljl^sUr, or CsHg.Brl^, has Ix^m prt'pared in 
pale yellow raonoclinic crystals with axial ratus* u ; h : c--(> l»T8 : 1 : ()'743, and 
^=87° 3‘5'. Only one form is known, although the thh‘e other salts of the 1 : 1 type 
are dimorphous. CflMilim didilorodiiodomercariate, iH'sClUgL, or (ksUgIj>Cls, 
is the only known chloroiodide ; when attempts wen* made to pn'pare chloroiotlidiNi 
with more mercuric iodide, there w’as an interehange of halogens and a nearly pure 
iodide was formed. The salt ('s^HgCloI^ is formed only in very cone, solii. con- 
taining a great excess of the ciesium halide. It occurs in white slender radiating 
needles which instantly become n*d in contact witli wat4*r owing to the formation 
of mercuric lodulc. the crystals b<*long to the monoclmic syst-i'm. The angles 
were not measure*!. ^ 

Thn‘e cuprous iotk)iuercuriateH have been n‘|K)rled with HgCl2:^'i*l i*i the 
mol. proportions 1:1, 1:2. and 1 : 1. 1*. Jb'ss obtained what In* regivnlcd as 

cuprous triiodomercuriate, t'ul.HgL, or CuHgla. by treating a w*ln. of the corre- 
sponding ]iotassiiiin salt, Kllgl3, with cupric sulphate, decanting olT the clear 
li<|uid. and washing the precipitate first with a dil. soln. of sodium thi<»sulpliate, 
and lat<*r with di.stilh'd water, until iwline no longer appears in the washings. Ihe 
precipitat<* was th«*n dried ^yer sulphuric acid in a desiccator. Tin* madder-red 
])r()diict can In* recrystal hz<‘(l ffom hydrochloric a< id. E. M**us(*l, and K. Lenoble 
wofked in a similar maninT, but w'ashcd out the io<luu! with water only. S. M. Jdr- 
gensen also prepanal a cuprous nn*rcuric iodide, of unknown composition, by shaking 
mercurv with a soln. of cupric polyiodide. L. Cramer^ made* cujirous triicMlo- 
mercuriate bv the action of a dil. soln, of mercuric chloride, on an emulsion of 
cuprous iodide. Tin* red pow'der is chocolate brown wln'ii heated to 7tl , and the 
original <‘olour is restored on cooling. The electrh*al conductivity of the solid 
was found by S, 1’. Thom])8on to be a maximum between 87 '^ and 88 5" at which 
temp, tin* compouinl * }iang«*s in colour from red to black. IV Hess found >io 
chemical ( hang** (neurs when heated to 1<K)' , but at 100 ' mercuric i.)di«l(‘ is evolved, 
and 18 completely expelled at a higher temp. ; iodine is simultaneously given off, 
but the lodiin* is completely expcHed only by repeatedly heating the pow'der with 

nitric acid. /i i ti t 

M. H«‘llati and K. Romanes** jirepanal CUprous tetraiodomercuriaW, 2(ail.Hgl2, 
or Cu.>Hgl4, from a mixture of cuprous and mercuric iodides in alcoholic soln. ; 
and K". Caventou and J. E. Willm, by the a<*tion of cujiric suljihuj^* on n boilmg 
soln. of potassium iodoiuercuriati". tin* sp. gr. of the product is 0’()9r)6 at (T ; 
the calculatlld valli from the mixtiin* law is 0-268, and there is accordingly a 
considerable contraction during tin* formation of the conmound. M. Bcllati, 
S. Lussana, and R. KoinanetM* found that the colour changes from a bright red to 
a dark.purple at 69-6" ; to a chocolate brown at 7()‘6" ; on cooling, the reverw 
changes occur at respectively 610', 07 2", and bc^tweeii 0&‘2" and 02*3 . 
The thermal expansion when $ is below 62' is 1 when d iB 

above 72', i’-^l-(X)68()3-fO-(K)iX>814728d. There is an irregularity in the volume 
changes between 62^ and 72'. The mean sp. ht. between 9i and is 005320^ 
4-0^XX)4 1131(01-1-^2) ; and the true sp. ht. at 0 is O OO32O68-H> fX)UO822620. 
Th'e heat of transformation at 70" is 2*3619, and at 60", 2*3210 cals. E. Caventou 
and J. E. Willni found t^at a cold soln. of potassium iodide slowly extracts mercuric 
iodide and leaves cuprous iodide while a hot soln. acts more quickly. W. Peters 
prepared the red diamminp-compound by the action of ammonia gas gn the^ie4 
salt ; H. Ley and G. Wiegner, and W. Peters prepared green CUPTOOI heniWept- 
Brnminn -tatraiodomarcorSite. Cu^Hgli.a^NH,, and brown oaproui OCt aminino - 
tetraiodomefcoriate, Cu2i^l4.8NH8, by the action of the gas orf the dried salt. 
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M, Beilati and R. Romaneae alao report cuprous hoxsiodomCTCUnBto, 4CuI.^gl2, 

orCu4HgI(,. ^ f 

In attempting to make cuprous iMonjercuriat^’S F. Andcrlini obtained yellow 
crystals of two products which were too unstable for analysis, hut he obtained com- 
pounds with Hgig ; Cul : NH^ m the approximate ratios 3:1:6, 2:1 : 3, 2 .*'1 ; 4, 
and 1 ; 1 ; 2. The com])ound cuprous diammino-iriiodomercuriate) 0uHgl3.2NH3, 
was obtained by adding ammonium suJphiti^ to a soln. of a copper salt, heating 
nearly to boiling, and adding a soln. of potassium mercuric iodide. Mercury 
separates out, and the soln. is kept at 5l)° until it is clear. The hot liquid is filtered, 
and on cooling brownish-yellow crystals separate out; these are washed with 
aq. alcohol and dried in a desiccator over a mixture of calcium oxide and potassium 
hydroxide — not (calcium chloride. The crystals gradually redden on exposure to 
air ; they melt with dei^ornposition, below ; they are decomposed by water 
and alcohol ; they become blue, forming CuHgl4.2NH3 by the action of ammonia 
in moist air ; and they are soluble in a warm soln. of ammonium 8ulphit-<‘, but lose 
their colour and give off ammonia. F. Anderlini prepared cuprous triammino- 
pentaiodo-dimercuriatc, (/UHg2lr,.3NH3, by dissolving the* mercuric diammino- 
iodide, HgI.,.2Nll;{, in a soln. of ammonium sulphite, and adding an ammoniacal 
soln. of cupric iodide to the hot soln. When the blue liquid is kept at 
it gradually becomes yellow, and yellow crystals of the triammino-compound are 
deposited on cooling. Tln^ dry compound becomes red on exposure to air ; it is 
decomposed by ])rolonged washing with water, and also by absolute alcohol 
but more slowly than by wat(‘r. Cuprous tetramn^iio-pentaiodo-dimercuriate, 
CuHg2l5.4NTr|, is obtained if in jireparing the triaffimino-compound, the soln. are 
mix(‘d cold, and warmed to bir until the precipitate has rcdissolved. The bright 
yellowish-green crystals behave like the triammino-compound when exposed to 
air, to water, and to alcohol. F. Anderlini also reported a compound, cuprous 
heXftniniino>h6Xaiodo-tninercuriat6)by a Jirocess resembling thatfor(hiTlg2l5.4NH3, 
but using strongly ammoniacal soln. The analyses do not show whetln'r the 
green plates have the composition CuHg3l6.5NH3 or (»Nll3. Two cupric ammino- 
iodomercuriates have b(M*n nqiorted by S. M. Jorgensen and F. Anderlini, namely. 
2:1:4 and 1:1:4. S. M. Jorgensen made cupric tetrammino-tetraiodo- 
mercuriate, Hgl2.(hil2.4NH;,, or CuHgl4.4NH3, by the action of alcohol on a mixture 
of cupric tetrammino-t(‘traiodide, CUI4.4NH3, and mercury for soim* liours at 
ordinary temp. The blue mass of crystals can be purified by recrystallization 
from hot ammoniacal alcohol. He also obtained the same compound by slowly 
cooling a hot soln. of cupric amminosulphatc and potassium iodomercuriate, and 
washing the product, first with water and then with ammoniacal alcohol. F. Ander- 
lini alao prepared this compound by cooling a warm ammoniacal soln. of 
CuHg2lfl.4NH3. The prismatic crystals of CuHgl4.4NH3 are an intensely blue colour; 
th(‘y are gradually d(‘composed at 135" ; they are easily deconrposed Ify' water and 
by acids ; when boiled with zinc and water iodine goes quantitatively into soln. 
and copper, mercury, and the excess of zinc remain ; they dissolve in cone. soln. 
of neutral ammonium salts -chloride, bromide, sulphate, etc. — with the evolution 
of ammonia ; and the soln. on cooling deposits green crystals of cupric tetrammino- 
hexaiododimercuriate, (h1I2.2Hgl2.4NH3, or (iuHg2lo.4NH3, which gives the 
original compound, CuI2.HgI2.2NH3, when treated with ammonia. S. M. Jorgensen 
previously prepared the compound CuI2.2HgI2.4NH3 by shaking the blue soln. 
obtained by digesting at 30" cuprous iodide with an alcoholic soln. of iodine — 
Cul-|-9l — with mercury ; the green liquid is decanted from the mercurous iodiSe, 
and warmed with alcoholic ammonia. The resulting bb^e liquid furnishes dark 
green crystals of the conijiound in question. S. M. Jorgemsen made the same 
compound by mixing warm soln. of potassium iodomercuriate and cupric ammino 
sulphate ; tne crystals which separate on cooling were rapidly washed with water, 
and dried in darkness in vacuo over calcium chloride. The dark green crystals 
can be kept in sealed vessels, but in air they lose iodine and ammonia ; they are 
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Beositive to light ; they low atSmonU and mercuric iodide when heated to IS5** ; 
by prolonged washing with water they forima mixture of cuprous and mercuric 
i(^ide8, and also when tri'ated with ilil. acilla ; they art* w)luble in an alcoholic 
sob. of acetic acid ; they behave like CuL.Hglj.tNHj towards itinc and water ; 
and they form CaU Ugl)..4NH3 when wariiuHl with an exccaa of ammonia- aome 
cupric iodide pass*^ into aoln. 

H. W. B. Roozeboom and A. Steger have studied the effect of temj>. on mixtures 
of silver and mert'uric iodides. When the litjuid mixture solidities, mixed crystals 
are formed in all ^iroportions excepting for the gap luniween h luid mol. |M'r cent, 
of silver iodide — the mixed crystals with less than f> mol. jier cent, of silver iodide 
are of the rhombic mercuric 
iodide type ; and {fi), those con- 
taining 20 to KK) mol. per cent, 
of silver iodide are of the regular 
silver iodide type Li<juid mix- 
tures with between ,') ujid 20 mol. 
per cent, of silver iodide soliitify 
at 242*" into a mixture of the' t\\(> 
tyjiesof mixed crystals ; the gap 
is wi(l«‘r at lower temp, being 
from 2 to Iir) mol. ]>er cent, of 
silver iodide at 132*5'^, as Ls illus- 
trated in Fig. dd. The in^’d 
erystal.s containing Indwcen 
40 ftnd IM) mol, per cent of silver 
iodide, undergo a change, the 
maxituuni temp, of mIiicIi is 
158', 111 a mixture with 00 mol. 
per cent, of silver iodide. Ap* 
jjarcntly the mixed crystals (fi) 
are then changed into the com- 
pound Hgl 2 . 2 AgI, and the 
ina.Kimum temp of this chang«* 

is .strictly analogous to the maxi- , « • • ii 

mum f.m of a imre . omimuml. in th.' mix«l .-ryBtnlH ifi) .•ontmnmg mthor more 
mermitic iodide or more sliver iodide than is required for the .•ompound the temp, 
of change is lowered, on the silver iodide side to the point l.t.. , .H) mol. per 
cent., on the mercurie iodide side to the point n«", 40 nnd. per cent., these t^O 
being analogous to eutectic iioiiits on freezing curves. On neither side of yie 
niamiium, however, is the pure roinpomid formed ; aeeording to the Hide there w 
an admixtiifr of silver iodide or m.-reurie iodide. A fiirthi'r coinplieatioii has been 
detected at low P-mp., inasiiiii. h as the alHivc-mentioned double salt undergoes » 
transformation at .v‘>-45“, the eolour changing from red to yellow, I Ins has lieen 

ev^denw*^a^ to'^Z'''forniati..ii of sUvet tetraiodomercuriato, 2AgI.HgIs, 
or AgsiHgla, is not very dclinit.', H. Wegelius and S. Kilpi prepared it by treating 
freshk precipitated well-washed silver chloride with potassium lodomercuriate , 
and E Me Jl. by treating a soln. of silver nitrate with potassium 
B Meusel, however, said that the yellow precipitate he obtained is not a coinpo^d^ 
L Cramer prepared silver iodomercunate as an emulsion by adding sdver 
and potassium iodide t*an emulsion of mercuric iodide in gum arable. H. 
atorff crv'stallized the compound from a hot aoln. of mercuric nitrate. M. BelU 
I^R^imanese found tjhe sp, gr. to be 5-9984 at 0“, when the valge 
from the Uw of .mixtures is 6-038. E. Meusel and B. Bottger showed thrt when 
the yeUow precipitate of mercuric and silver iodides is heated 
inteiiaely red, and the yellow colour m restored on cooling ; and They stated that 
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mechanical mixtures of the two insoluble iodides present a similar phenomenon. 
M. Bellati and K. !^manese studieci the remarkable colour changes which occur 
when mixtunjs of mercuric and silver iodides are heated ; the compound Ag2Hgl4 
was found to be canary-yellow at ordinar}' temp. ; orange at 47 5° ; orange-r^ 
at 48'5'' ; and bright red at a* high^t temp. The reversible colour change which 
occurs in the neighbourhood of 50^* was ‘supposed by A. E. Baur to be due to the 
decomposition of the complex salt, Ag2Hgl4, and not to dimorphism, because he 
observed no break in the e.m.f. curve up to 53“. H. Wegelius and S. Kdlpi drew 
the opposite conclusion. They found that after adding silver chloride to the liquid, 
the canary -yellow precipitate which changes to a blood-red at 50°, gradually passes 
into the pale yellow colour of silver iodide as the proportion of silver chloride is 
increa8<‘d. If so little silver chloride is present that the soln. after the formation 
of the canary-yellow precipitate still contains a considerable proportion of mercuric 
iodide, the transformation can be frequently repeated without forming solid silver 
iodide. H. W. B. Iloozeboom places the transition point at 45° ; and H. Keben- 
storf! says that both modifications can exist in presence of one another between 
about 33° and 45° ; and he devised a colour thermoseope based on this transformation. 
According to M. Bellati and R. Romanese, the thermal ex})an8ion increases n*gularly 
up to 40°, so that the volume v, at the temp. 6°, is v~l-f-() 0()0()*J537^ ; between 
45° and r>0°, the volume changes are irregular owing to changes in the internal 
structure ; and above 51°, the thermal expansion is again regular when t'—l 000165 
-|-0 (XXX)88102d. They also find that the thermal expansion of the compound is 
greater than would be the case if it were a mech^sal mixture. They give the 
mean sp. ht. between and ^2° as 0-035648-f 0-(XK)5™5(^i +^2) *“0'0000052621 

the true sp. ht. at d°, as 0*035048 -fO OOll 5670 -O’OOOOl 578630 2 ; 
the amount of heat required to raise the temp, from 0° to 0° as i r)86(X)-f-0 06 130350 ; 
the sp. ht. at 51® as 0'(^)6130 which they say is constant ; and the heat of trans- 
formation at 50° as 2*0807 cals., and at 41°, 2*0283 cals. Alcohol gradually 
decomposes Ag2Hgl4 into mercuric iodide. 

M. Bellati and R, Romanese also cited evidence to show the formation of 
Hgl2.AgI, and Hgl2.2Agl. They showed that the sp. gr., thermal expansion, 
sp. ht., and heat of transformation of Hgl2.3AgI from the values for Hgl2.2AgI 
and Agl agree with the assumption that Hgl2.3AgI is a mixture. Sin)ilar evidence 
indicates that Hgl2.AgI and Hgl2.2AgI are compounds. Thus, the sp. gr. of 
silver triiodomerairiate, AgHgl3, is 5*9302 at 0°, when the value calculated from the 
mixture law is 5*990 ; the thermal expansion is much greater than corresponds 
with the mixture law, being v=l-|-O*OOOO656890 for values of 0 between 0° and 
40° ; for values of 0 over 50°, v=l*OO35OO-f'O'OOOO84OO50 ; and there is a great 
irregularity between 40° and 52° as is the case with Hgl2.2AgI. The salt HgL^.Agl 
shWs similar colour changes to those presented by Hgl2.2Agl. The mean sp. ht. 
between 0^ and 9^ is O*O544O4-fO*OOO79681(0i-{-02) ; the true sp. ht. at 0° is 
0 054404 +0*0001593620; and the heat of transformation at 49°, 1*7525, and at 
41°, 1*7323. 

M. C. Lea prepared a compound or mixture with a composition approximating to 
silver dw/ilorodiiodomercuriate, 2AgCl.Hgl2, by mixing moist and freshly precipitated 
silver chloride and mercuric iodide ; and by the action of eq. quantities of potassium 
iodide, mercuric chloride, and silver nitrate. The yellow powder gradually reddens 
when heated above 38°, and the scarlet-red colour is a maximum at 60° ; the original 
colour is restored on cooling. The colour of the product is darkened in sunlight, 
and the original colour is restored in darkness. Consequently, M. C. Lea concludes 
that a compound is here in question. c- 

According to P. F. G. Boullay,^* when a hot aq. soln. of calcium iodide, sat. 
with mercur^'? iodide, is cooled, somo mercuric iodide is (leposited, and the mother 
liquid, on evaporation, furnishes crystals of what is thought. to be calcium 
kexaiododitnercuriale, 2Hgl2.Cal.>, or CaHg2le : the crystals are decomposed by 
water, furnishing red mercuric iodide and a liquid which leaves a yellow mass on 
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evawmtion. J. B. Bertheniot afto obtainiHl yellow newllea from the eolii, obtained 
by ooilixig mercuric iodide with calcium oxide and alcohol. A. G. Dulwin alter- 
nately dissolved calcium and mercuric iotlide^ iii water up to ‘saturation when a 
soln. with the molar comjiositiuQ, Calg-fl .HUg!.^ f IS SHgO, was jirmluced— the 
sp. gr. was 2'89 at By cooling this solo . crystals of OOtofaGfdflttd 

(^oiam tetraiodomercariate, Cal^.HgL.i^HjjO. or Callgl^.HHaO, formed*, 
similar crystals were obtained by cvujmratiug a soln. containing at tl‘5*, 
21‘30--21 CG per cent, of water, 31^7 percent of calcium. 21 T)? 21*84 ]H*r cent, of 
mercury, and r)2*8 per ctmt. of iodine. The yellow needledike crystals have a 
sp. gr. 3*258 to 3*337 at 0*^ ; they are very deliquescent ; they dissolve in 
water w'ithout decomposition ; they also dissolve in many organic solvents with- 
out decomposition methyl*, ethyl-, amyl-, butyl-, and isolrntyl-alcobols ; in 
allyl iodide, acetone, acetic acid, ethyl oxalate, aniline, they are sparingly soluble 
in nitrolK‘ii2(‘ne ; and they are insoluble in cliloroform, <'arbon tetracliloride, 
ethyl iodide, etlivleiie iodi<le, bensM-ne, niouochlorobenzene, and toluene. If 
miTciiric iodidi' be dissolved in the mother liquid remaining after the sejmration of 
the alxive deHcnl)ed crystals, and the soln. co«)lcd O', A G. Duboin found 
that small crystals of octohydrated calcium dodecaiodop6ntamerouriM8, 
t'al.2.r)HgIj{.8H./o, or (’aHgjjli^.HH^G, which have a sp. gr. of I GO (O' ), are fonmHl. 
They are less didnjuesceut than thos** of Ugl^.f’aL.Hll.^O ; th«‘y are tlecomj)oHed by 
w’uUt and liy methyl-, ethyl-, and amyl-aleohols, by glyc(‘rol, ahb'byde, acetone, 
and acetic aciil, with the formation of red im'rcurie iodide ; they are d<*compom^d 
slowly by nitrobenzene and e^hvl oxalate ; and they are insoluble in monochloro- 
benzeiic, toluene, ethylene broiil^de, and chlorof(»rin. If the soln. just mentioned 
be further cooled below 0*^, elongated })riKms are also formed. These t*rystals have 
the composition caldum tetradecaiodotetramercuriate, 30alu.lHgl.2 24ll20, and 
sp. gr. 3’5f) -3*Gt3 at 0^ , th<‘y dissolve in water with tlie sejiarufion of mercuric 
iodide ; they readily dissjdvc in methyl-, ethyl-, amyl-, butyP, and isobutyl-alcohols, 
glycerol, ethyl ar<'tate, methyl- and isobutyl propionates, allyl iodide, aldehyde, 
acetone, anilim*, and ethyl oxalate ; they are very sparingly soluble in uitrobenzeme ; 
and insoluble in monochlorobenzene, t<duene, etlijdene bromide, ethyl iodide, 
chloroform, carbon tetrachloride, etc. 

According to P F. 0. Bouliay. a soln. of strontium iodide, sat. hot with 
mercuric iodidiy deposits part of the latkT on cooling, and when the mother 
liquid is evaporat<*d, it gives crystals of wliut was thought to be strontium hcrutodo- 
dunercuriate, Srlo-Hglo? or >SrHg.2l(}, ami which are d<*<umposed by heat, or by 
treatment with w^ak'r. J. B. Bertheniot also made yidlow i ryslals from the soln. 
obtained by boiling mercuric iodide with strontia water. The coiiqiosiiion of 
these crystals has not Iwen d«‘finitcly estublmhed. A, 0. Duboin ult(*rnat(dv 
dissolved strontium and mercuric iodides in water at IG'5'^ until the soln. 
saturatt'd ; the (^imposition of the soln. was 8rl2 }-l 2lHgf2-f 18*ttyll20, and its 
sp. gr. 2 5; when strongly cooled, iride8(<‘ut plates of OCtohydrat6d ftlOlltltllll 
dodecaiodopentamercoriate, Srl2.5Ugl2 8H20, or SrHg5li2>^lf2^i. 

4 *60 (C'J, separated out. The same salt was obtained in quantity by cooling a 
soln. of strontium iodide sat. with mercuric iodide at A seixind salt, OOtO- 

hydrat^ strontium tetraiodomercuriate, Hrij Hgig HHgO, or SrHgl4.8ll20, was . 
obtained in long prismatic crystals by the slow evaporation of a soln. with the 
composition : strontium, 7*85 per cent, ; mercury, 21*22 per cent. ; UKline, .50*44 tier 
cent. ; water, 20*49 per cent. The crystals have a sj), gr. 3*22 Uj 3*3G at 0"^ The 
properties resemble those of the corresponding calcium salt. 

P. F. G, Bouliay ])rej^ed what was assumed to b(? barium /u!xaiod^>dimereuruU€f 
Bal2-2Hgl2, by a process analogous to that employed for the strontium salt. 
According to A. G. Dubojp, a soln. saturated, with both barium am^ merouric 
iodides has the composition Bal2-i-l‘33Hgl2-+'7*76H20, and sp. gr. 2 i6 at 23*5'^. 
When this soln. is sat. at TO"* with mercuric iodide, and cooled, it furnishes 
smaU crystals of ooiohydrated barium dodecaiodcveiRanMt^mri^ Bals.bHglt* 
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SH^O, or BaHgfilia.SHgO, of sp. gr. 4*63 at 0°/ This salt resembles the corre- 
sponding salts of strontium and calcium. A. 0. Duboin evaporated a soln. con- 
taining l-OTBafg-f ilglg-f 9'7JH20 in'a dcHiccator over sulphuric acid, and obtained 
prismatic deliquescent crystals of bexBdecsbydnted barium h6xad6caiodo- 
pentamercariate, 3Bal2.5HgL/.16H20, or BagHgsIjH.lb’HoO, with a sp. gr. 4*06’. 
Prismatic crystals of bex^ecabydraMi barium decaiodotrimercuriate, 2Bal2. 
3Hgl2.16ll20, can be obtained by cooling a soln. containing 13al2d-r3Hgl2 
-flO’4H20. Similar crystals can also be obtained from the mother liquid remaining 
after the separation of BaI2.HgI2.8H2O. These crystals have a sp. gr. of 4 at 0°. 
If a soln. of the composition 12 4r) per cent, barium, 22*53 per cent, mercury, 51 ’68 
per cent, iodine, and 13’34 per cent, water, be evaporated in dry air at a summer 
heat, large flattened crystals of pentahydrated barium te^aiodomercoriate, 
HgI2.BaI2.5H2O, or BaHgl4.5H20, and sp. gr. 4 at 0°, are obtained. H. Ley and 
G. Wi(!gner, and W. Peters prepared barium octammino-tetraiodomercuriate, 
BaHgl4.8NH3, from its constituents by the action of tlie gas on the dried salt. 
The absor[)tion is rapid at 20“. 

M. Herder proposed a soln. of barium mercuric iodide as a reagent for alkaloids ; 
and (J. Rohrbach prepared a soln. of barium and mercuric iodides — It<)hrhach\s 
Hol'nlkon -oi sp. gr. 3’57r> to 3’588, for sejiarating heavy minerals. 

lOOgrnifl. of barium iodido, and l.'K) griiis. of mercuric iodide are mixed in a <lry Ha.sk ; 
20 c.c. of water are added, and the mixture is continually agitated while being heated to 150" 
or 200“ on on oil-bath. 'I’he soln. is then allowed to evaporate on a water-bath until a 
fragment of opidoto floats thereon ; the soln. is then allowed to cool, when a doublo salt 
is deposited. Thw i.s allowed to settlo in a tall beaktl^ and the clear liquid decanted 
Filtration is not recornmendt'd. The soln. is decomposed when diluted with water, |ind it 
is Ihorofore ililuted with a more dil. soln. Its properties are similar to Thoulet’s soln. 
Rohrbuoh’s soln. is not changed by carbon dioxido or by carbonates — e.g. calcite or chalk. 
The soln. boils at* 1 15“. The refractive index of a soln. of sj). gr. 3 5H4 is 1 7765 for the 
O-line; 1’7932 for the A-line; r8266 for the A'-line ; and 1'8488 for the F-lino ; the 
dispersion is 0 0736, and (/i,— /i^)/^p=0 0409. E. Clerici has measured the viscosity 

of the soln. 

According to P. F. G. Boullay,^'^ a hot soln. of magnesium iodide sat. with 
mercuric iodide deposits a portion of the latter on cooling, and the mother liquid 
yields greenish-yellow needles on evaporation. These c ry stals are thought to be 
magnesium hexaiododimercuriate, Mgl2.2Hgl2. They are decomposed b}’ water 
into red mercuric iodide, and, according to l^ ,F. G. Boullay, a soln. of probably 
magnesium tetraiodomercuriate, Hgl2.Mgl2. According to A. G. Diilioin, a soln. 
of the composition Mgl2d-1’29-|-11’U6H2G, and sp. gr. 21)2 at IT’B'', furnishes 
first a crop of crystals of heptahydrated magnesium hexaiododimercuriate, 
MgI2.2HgI2.7H2O, or MgHg2l6.7H20, sp. gr. 3’8 (0°), and propertk's like the corre- 
sponding calcium salt ; and then a crop of deliquescent octahedra of enneahydrated 
magnesium tetraiodomercuriate, MgI2.HgI2.9H2O, or MgHgl4.9H20, sp. gr. 2 9. 
A. G. Duboin also reports crystals of 3Mgl2.r)Hgl2.xH20, analogous with the 
corn’sponding barium salt. F. Calzolari and U. Tagliavini prepared crystals of 
a complex of Hgl2.Mgl2.10H20 with hexamethylenetetramine. 

According to P. A. von Bonsdorff, when an aq. soln. of zinc iodide, sat. 

‘ with mercuric iodide, is evaporated over sulphuric acid in a desiccator, a first crop 
of crystals of mercuric iodide is followed by yellow deliquescent prisms of the double 
iodide ; P. F. G. Boullay also reported that a hot aq. soln. of a mol of zinc iodide 
dissolves not quite two mols of mercuric iodide ; the soln. dejiosits part of the last- 
named" salt on cooling, and still more when diluted with water. According to 
A. G. Duboin, the crystals successively deposited from mi^ed soln, of mercuric and 
zinc iodides form a complete series of mixed crystals, and ho believed that th(‘ 
crystals of^rinc tetraiodomercuriate, ZnIg.HgIg, previously described, are iso- 
morphous mixtures and not definite compounds. A soln. saturated at H’f) with 
both salts has the composition Hgl2-f l'87Znl2-f 16’33H20, and sp. gr. 2’82. 
Similar remarks apply also to the crystals of cadmium tetraiodomercuriate, 
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OlIa.HgU, and cadmium octolbdotrimereuriai^ CdIj.aHgl*, prej^»d u paJ« 

yellow cnstals by J. B. Bi*rthomot from the boIu. obtained by triturating moiat me^ 
curie iodide with cadn\ium tilings; and by KIW. Clarke 
and E. A. Kebler from a hot sola, of mercuric iodide in 
cadmium iodide. C. Sandonnini also obtain^id cr^'stals 
containing all proportions of cadn\ium*and mercuric 
iodides from fused mixtures of the component salts. 

Fig. 34 . The transition temp, of meri unc iodide 'is 
lowered from 128 to 10’)" when 3 C> molar per cent, of 
cadmium iodide is pri'seiit F Ephraim and P. Mosi* 
inarm jireparcd pale yellow oetahedra or cubes of zlnC 
mercuric tetramminotetraiodide, 1 Zn{N 1 13)4 ]Hg 14 
'rhey also made cadmium mercuric tetrammino- 
tetraiodide, fCd{NH3 [4 )llgl4 Hi d), and cadmium mer- 
curie hexamminotetraiodide, t(M(NH 3 )sliJK *4 

in cone, ammoiiuieal soln. These salts can also be re- 
garded as zinc or eaduiium amminotetraiodomercuriates. ^ 

and W. Peters prepar.*d (’dHgJ4 GNH3 by exposing the pmduct regarded as I dHgl4 
to the action of ammonia gas. 
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§ 37. The Sulphides of Mercury 

Our knowledge of rinnabar probably goes as far back as that of mercury. 
Theophrastus, in his IIcpi Ai$m, written about 300 b.c., mentioned two kinds of 
Ktwd^ap — ^the natural and the fictitious. The former is analogous with cinnabar, 
the ore from which mercur}' is extracted ; the latter appears to have been a 
powdered and levigated red sand obtained near Ephesus. Pliny, in his Historia 
natutalis, written at the beginning of our era, also 8])oak8 of the confusion between 
the mineral cinnabar, which he called minium, and Indian cinnabar, the dried 
juice or resin known as dragon’s blood— draconis-- probably obtained from 
the calamus palm, or Pterocarpus draco. Pliny's contemporary, Dioscorides, also 
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o«]led cinnabar a^w. Pliny 'i* term roiniom in now renerv«4 ter red-kjid. The 
8ul^(juent history has been well ouUined by H. Kopp, and M. Bertheloh The 
artificial preparation of red mercury sulphide— (‘ailed t«^iir*-was desenbed by 
Geber in his Sumtm perfect ionis tnagiMerii, writt4‘n about the thirteenth otmtury ; 
and, about the same time, Albertos Magnus, in his Compotitvm et composiiu, showed 
that cinnabar, or lapis ruheus, is a compound of inercury and sulphur, booauae 
“ when a mixture of mercury and sulphur is sublimed, a brilliant red powder of 
cinnabar is produced.” This conclusion was rt'peated by many later writera ^ — 
A. Libavius, J. Kunckol, 0. K. Stahl, If. Boerhaave, J. J. IWht'r, N. launery, etc. 
J. S. Carl showed the identity of natural, artificial, and antimonial cinnabar, and 
stated that the comjKWiition was six parts of mercury ami oni'i of suhihur. Blai^ic 
mercuric sulphide was prepared near the bejjiiming of the eijjhteenth century by 
W. Harris, and Turquet de Mayerne by triturating mert'ury and sulnhur, ami the 
product was variously called mimralis, wtliufps tuercuraiis, tethtops Turqueii 

or cahtops IlarriMi, mineraha imhr, Quecksilbervwhr, or aihwps empyros or apyros, 
according as the sulphur employed was melted or not. In 17.“»2, H . Ludolf prt'pared 
black mercuric suljihide by the action of a soln. of calcium sulphide on mercury or 
mercuric oxide ; five years later, J. (1 Jacobi used a soln. of alkali sulphide, and the 
])roduct w'as called jmlvu hypnoticas, or narcoticuti A'nWii, aft(*r D. 8. Kriel, who 
recommended it as a medicine. In 1G87, G. Schulfs made cinnabar in the w’et 
way by treating mercury with a soln. of ainimmium suljdiidc. spiriiun fwmns 
Boylei ; and a similar process was U8<'d by K. Hoffmann, and J. C. Wiegleb. 
A. Baume showed that tliis sulphide soln converts the black sulphide as well as 
mercury itself into cimiabai^ and J. Simebier, that hydrogen sulphide acts slowly 
with the same n'sult. The black and n*d forms of mercuric sulphide puxsled the 
carlv chemists. G. E. Stahl assurned that the black form contained more sulphur 
tlian tli«‘ red one ; P. J. Mac<juer, A. K. de Fourcroy, and L. N. V^inpielin assumed 
that the sulphur in the black form was less intiinat-ely asHs<’iate(l with the mercury 
than in the red form ; A. F. de Fourcroy also postulatcMl that both cqmjiounds 
were sulphuretbul mereury oxides, but that the red form was more ()xidijt(*d than 
the black one ; G. L. Berthollet assumed that cinnabar is a true sulphide, and that 
the black form is a hydrosulphide ; (J. F. Bucholz sujfgested the converse of Ih’rthol- 
lefs hy]>othesis ; J. B. Trommsdorf! assumed that cinnabar is a sulphide, and that 
the black sulj)liid<* is a suIphurctt4Ml oxide. J. L. Proust, C. h. Buchloz, and 
J. M. S^guin shoNsed the sulphides are free from ox)^gen ; and in 1833 J, N, von 
Fuchs explained the difference by* assuming that the black sulphide is amoqihous, 
i and that tlie red suljihide is crystalline. 

The analyses of J. L. Proust, J. M. Seguin, N. J. B. G. Guibourl, N. G. Sefstrdm, 
and 0. L. Erdmann and R. F. Marchand correspond with^ the formula HgS. 
Cinnabar has been analyzed by A. Bealey, K, Varct, M. 11. KlapRith, H. MUller, 
F Pisani, apd C. F. HammelslMirg ; and metacinnabaritc* by J. PeU'rsen, G. Cesaro, 
J. D. Whitney and G. E. Moore, F. A. Genth, W. II. Melville and W. Lindgren, 
K Varet, 0. Schumann, A. Schrauf, etc. The occurrence of metacinnabarite has 
also been di8cus8<‘d by G. Kroui»a,2 J, A. Krenner, W. U. MelviUe, and A. Bchrauf. 
It wasformerly believed that the ores of mercury were formed in nature by sublima- 
tion ; and that the uniformity in the characteristics of most of the deposits MlBtf 
to a’ common origin. The presence of accessory min(‘rala-calcite, opal, barite, 
etc.—is opposed to the sublimation hypothesis, and since hot springs and volcanic 
products are associated with most of the deposits, it is assumed that they have been 
formed by the agency of hot springs. At Almaden (Spain), Idria (Austiaa), and 
Nikitowka (Russia), the evidences of volcanic agents are not so marked, but since 
the characteristic mincfhl associations arc the same, the latter theory still bolds 
good F. W. Clarke assumes that cinnabar was probably deposited from ascending 
Lin liecaUse such soln. rfre alkaline, and that metacinnabarite was deposited by 
descending soln. because of their acidity— the acid being derived from the oxidation 
of pyrites. • 
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According to A. L. Orlowsky 3 with the exceji</ion of copper, mercury possesacB 
a greater affinity for sulphur than any other metal ; E. Schiirmann, however, 
estimated the affinity of mercury fot sulphur to be smaller than that of palladium, 
but greater than that for silver or copper ; and 0. Schumann said that the affinit}’’ 
of mercury for sulphur is smaller than that of barium, and nearly the same as that 
of the metal for oxygen, M, berthelot observed no reaction between dry hydrogen 
sulphide and mercury at 10()°. It is somewhat doubtful if all the reports of the 
preparation of mercurous sulphide, Hg 2 S, can be substantiated, although it appears 
to be possible to prepare it at temp, below 0®. 

According to H. V. Regnault, J. J. Berzelius, and W. T. Brande, mercurous 
sulphide is obtained by the action of hydrogen sulphide on a soln. of a mercurous 
salt, though N. J. B. G. Guibourt stated that the product is only a mixture of 
mercury and mercuric sulphide. C. Barfoed obtained similar results, and E. Wein- 
schenk showed that a similar mixture is obtained by the action of compressed 
hydrogen sulphide on mercurous chloride. On the other hand, U. Antony and 
Q. Sestini ])robably obtained mercurous sulphide by the action of a mixture of 
hydrogen sulphide and carbon dioxide on nuTcurous chloride cooled by a freezing 
mixture below —10”. K. Briickner, and A. Violi also obtained what they regarded 
as mercurous sulphide by heating mercurous sulphate with sulphur ; and C. Basker- 
ville, by leaving mercury (JO grms.) in contact with y9’65 per cent, sulphuric acid 
(50 grms.) in a closed flask shut off from the direct action of sunlight. After about 
five y('ar8 the black product was washed rapidly by decantation with much water, 
then with 95 per cent, alcohol, and dried at 110”. 

According to U. Antony and Q. Sestini, the bli-ttk or brownish-black powder is 
quite stable at —18”, but above 0”, it readily decomposes into mercury and mercuric 
sulphide. (J, Baskerville found that when heati'd in a closed tube it becomes white 
— probably owing to oxidation — then yellow, and it finally melts to a dark orange 
li(juid which on cooling forms white mercurous sulphate. W. Hittorf said that 
what was thought to be mercurous sul})hide conducts an electric current like a 
metal, and W. Skey showed that it is more electropositive than silver towards a 
soln. of sodium chloride, and, when used as the negative pole of a cell, it is desul- 
phurized. According to U. Antony and Q, Sestini, hydrogen chloride mixed with 
carbon dioxide rapidly conv(‘rfs mercurous sulphide into hydrogen sulphide and 
mercurous chloride ; mercuric sulphide remains unchanged by this treatment. 
Dil. hydrochloric and dil. nitric acids do not act on mercurous sulphide below 0”, 
but more cone, nitric acid has a slight action ; at a higher temp., these acids react 
as they would on a mixture of mercuric sulphide and mercury ; fuming nitric acid 
rapidly oxidizes mercurous 8ulj)hide, forming mercuric nitrate and sulphur, which is 
partly oxidized to sulphuric acid. Ammonium sulphide or hydroxide, and alkali 
h} droxides ha^.e no action ; sodium, or better, jmtassium sulphide, rapidly dissolves 
mercurous sulphide, forming a clear liquid which, as the temp, rises, becomes turbid 
owing to the separation of finely divided mercury, and the formation of mercuric 
sulphide. 

There are three crystalline mercuric sulphides, HgS — the red form, a-HgS, 
corre8})oiiding with cinnabar or vermilion ; the black cubic form, corresponding 
with metacinnabarite, a'-lIgS ; and a deep red hexagonal form, jS-HgS, not found 
in nature. In addition, there is an amorphous or colloidal mercuric sulphide. 
Cinnabar is the stable form of mercuric sulphide at'all temp, up to its sublimation 
point, about 580” ; it is readily formed by the action of soluble alkali sulphides on 
the amorphous black sulphide— say, by heating the latter with a cone. soln. of 
ammonium sulphide in a sealed tube at 100”, when the colour becomes red in a short 
time, but the action is continued for about 24 hrs. to ensu?^ a complete conversion. 
According to E. T. Allen and J. L. Crenshaw, ^ black amorphous sulphide is always 
the first prbduct of the action of alkali sulphides on ulercuric salts, but cinnabar 
only is obtained wlieii tlie precipitate is digested with alkaline soln. ; no metacinna- 
barite was ever obtained under this condition. According to A. Christensen, when 
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mercuric wlte—the oralate, acet^, aulphat-e, chloride, iodide, etc.—are heated with 
uionosulphide, the soln. become yellow owing Ui the 
par la liberation of sulphur, with the formation of auuuoniuuf polysulphule, and 
e precipiUte is a mixture of mercury and inen'uric sulphide. Yellow mercuric 
oxi e also imparts the yellow colour to the soln. of. ammonium sulphide, but the 
au pbur slowly returns to the solid, forming vermilion. Mercurie eyanide very 
foi’nw vermilion. Mercuric sulphule does not yield sulphur to anuuonium 
8 U phide som., so that the libi'nition of sulphur occurs “When the mercuric salt and 
ammomum sulphide interact. I:k>dium sulphide Indiaves like ammonium sulphide, 
but the separation of sulj>hur is less marked. B. 8 . Neubausen studiM tlie precipi- 
tation of mercuric sulphide from cyanide soln., and concluded tliat roaclions at low 
cone, are between mols. or complex ions. 

According to B. 1. Allen and J. L. (^nuishaw, the product of the action of soluble 
thiosulphates on mercuric salts depends on the ratio of the two salts in the soln,, 
and also on the cone. The n-sults are summarized in Kig. d.'i. with reference to 
10 per cent, with about ll per C4*nt. of sodium chloride added, because the decom- 
position of sodium uicjcuric chloride 
proceeds more slowly than that of 
soln. of mercuric chloride and better 
crystals are produced. The line AB 
includes all soln. with Hhc ratio 
HgCU : NaoS.^O^j—d : 2, and soln. 
above that line contain more mer- 
curic chloride ; these soln. al^ fur- 
ni8h‘whit,e, nwrcurtr (hc/tlorixii^ulphul-c, 

HgCl2.2Hg8; the reaction is sym- 
bolized : dlfgC!., b2Na.,8^0;, |-2il.,0 
~ HgCl2.21Ig8 I- 4 Na(;i + 2U..864. 

Soln. corrt'sjiondmg witli the line AC 
contain HgCL ; Nao8j03 in the ratio 
1 : 1, and soln. in the region between 
AB and A(J furnish a mixture of 
mercuric tbioehloride. and black mer- 
curic sulphide : HgCl^-j-Na.jS^Ojj 
-fll20 -2Na('l-f 112804 j-llg^ (bli^ck). All soln. lying in the region between 
AC and AD precipitate at the beginning black mercuric sulpbidi*, though lat<‘T 
a red precipitate may be obtained The lim? AD includes soln. in which the 
ratio HgCla : Na2820.j is as 1 : 4 . Bcl(»w AD, the princij)al rciudion is HgClg 
-f4Na.2S203— 2NaCl4-dNa2804-f-4S-{-Hg8. The mercuric sulphide precipitat'd 
at the beginning is a deep red modification which is not cinnabar ; tlfli precipitation 
of this comixmnd continues until the dilution of the hujiernatant li(piid has fallen 
to about one per cent, of mercuric chloride, wlien the blai k crystalline form appears. 
The reaction between sodium thiosulphaU* and sodium mercuric chloride renders 
the soln. slightly acid, a condition essential for the production of metacinnabarite. 
A. L. f. Mdsvcld also found that the metacinnabarite form is precijiitated from 
faintly acid soln,, and the cinnabar form from neutral or faintly alkaline soln. , 

Under the name vermilion, the red sulphide is employed as a pigment. The 
Chinese used it for colouring ink, paper, tapers, etc., and many buiqiles in China 
are painted with the same colour ; it is n'garded by them as a lucky colour. 
Cinnabar is not used as a pigment because the inijmrities affect the •colour. 
Vermilion is made by \^t and dry proceH 8 <'s. The dry processes dejiend on the 
preparation of the blad sulphide, and its subis'quent conversion into the red 
variety ; and cinnabar is made by subiiming mixture of sulphur with mercury, 
mercury oxide, or mercury sulphate. According to H. Boerhaave, when fhS parte 
of mercury are added to one part of molten sulphur, and the mixture heated, with 
constant stirring until the sulphur thickens, the two elements unite with violent 

3 P 
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crackUng, and the evolution of heat and light. The resulting maaa is blacldah-red, 
and appears to be a mixture of black and red mercuric sulphides with some un- 
combined sulphur *and mercury. K/hen this product is powdered, mixed with S 
little sulphur, and heated in a glass flask with a loose-fitting charcoal stopper, a 
sublimate of cinnabar is obtained ; the more volatile free sulphur escapes, and the 
foreign metals, as sulphides, remain in the flask. If the upper part of the flask is 
too hot, some cinnabar is lost by volatilization. F. Pilz recommended washing 
the vermilion with a boiling soln. of potassium carbonate. 

L. Omelin doscribed the old method of preparation formerly employed at Amsterdam^ 
and this m very like that juat indicated. E. Mitacherlich described the old method employed 
at Tdria, where the sulphur and mercury ore agitated in rotating cylinders for some hours 
so OH to furnish a brown powder. The mixtiu-e is heated in covered cast-iron cylindrical 
retorts with iron capitals ; these are replaced by stoneware capitals with the beaks connected 
by a tube and receiver. The best vermilion collects in the capitals. This is removed 
and washed first with boiling sodium hydroxide, then water ; the washed powder is then 
dried. Anonymous writers have described the Chinese method of preparation. This 
resembles in many respects that indicated above. The vermilion prepared by the above 
processes, said E. Wehrle, has a yellow tinge, and he claimed thaf if about one per cent, of 
antimony sulphide be added to the mixture of sul[)hur and mercury before sublimation, 
and the finely ground sublimate bo boiled a numlier of times with a soln. of liver of sulphur, 
digested with hydrochlono acid, and afterwards washed and dried, it assumes the fine 
scarlet colour of the Chmeso vermilion. No antimony can be detected in the final product. 

% 

C. Doelter made crystals of cinnabar by beating mercury with hydrogen sulphide 
in a sealed tube at for several days ; but if mercury be heated with an # 

aep floln. of hydrogen sulphide on a water-bath, a nf/xlure of red and black sulphides 
is formed. According to F. Fouquo and A. M. Levy, cinnabar was made by 
J. Durocher by the action of hydrogen sulphide on red-hot mercuric chloride, and by 
H. St. C. Deville and H. Debray, by beating the black precipitated sulphide with 
hydrochloric acid in a V'aled tube at 1()0°. W. Spring obtained the red sulphide 
by strongly compressing a mixture of sulphur and mercury ; and he also obtained 
red streaks by rubbing the black powder with an agate pestle and mortar. 

The wet processes for fiiakiug vermilion depend on the fact that alkali sulphides 
convert black into red mercuric sulphide. F. Hoffmann digested mercury with 
ammonium polysulphide, Boyle’s spirit of sulphur, and obtained the red sulphide 
in a few days. A. Baume obtained similar results with mercuric nitrate and Boyle's 
spirit of sulpliur, but mercuric chloride did not, work so well. J. L. Proust found 
that the black precipitated sulphide turns red slowly at ordinary temp., but rapidly 
when heated ; the product is better with ammonium than with potassium poly- 
sulphide. L, J. Gautier-Bouchard used ammonium polysulphide. J. W. Dobereiner, 
and M. Firmeuich used potassium polysulphidc. A. Ditte attributed the action 
of alkali sulphides to the alternate formation and decomposition of double alkali 
mercuric sulphide ; he said that KgS.bHgS is formed and decomposed at 45° with 
thti deposition of the red crystalline sulphide, whilst the liberated alkali sulphide 
forms more double salt, and so the cycle continues anew. M. C. Mehu said that 
mercuric sulphide is insoluble in either sodium hydroxide or sulphide, but it is 
soluble in a mixture of the two ; when the soln. is diluted, the black sulphide is 
deposited, but when carbon dioxide is passed through the soln., cinnabar is formed. 
L. L. do Koninck found that mercuric sulphide is very soluble in cone. soln. of the 
alkali and alkaline earth sulphides, but not in soln. of the hydrosulphides. When 
the soln. are rapidly diluted, black amorphous sulphide is precipitated, but when 
slowly 'diluted, red cinnabar is obtained. S. B. Christy, and J. A. Ippen heated 
amorphous mercuric sulphide in a sealed tube with alkalin^ soln. sat. with hydrogen 
sulphide and obtained cinnabar at 200°'-250° ; S. B. Christy said the reaction is 
retarded by the presence of carhop dioxide. C. Brunner compared the action of 
p^otassium, ' sodium, and ammonium polysulphides. '^G. S. C. Kirchhoff, and 
C. F. Bucholz employed a soln. of potassium hydroxide with sulphur in place of 
the polysulphidf. A, Eibner used soln, of polysulphides of potassium, calcium, or 
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ut. with ^phw, and yarioua compounda o( maiciuy. V. Stanek obteinmi 
^ ercimc sulphide by heating the precipitated sulphide with white aramonium 

It % difficult to remove all the alkali 
smphide and sulphur from vcmiUion prepared by the alkali sulphide prtw^es, and 
tneae impunties are detrimental to the pr^tluct. H\ W. Picton and S. K. Linder 
recommended suspending the black sulpnide in water, and passing in a Btn»am of 
ydrogen sulphide until all is dissolved. Vermilion is •preciiiitated when the soln. 
IB heated in closed vessels to 1 (j 0“-170'^ for several hours. C. Brunner employed 
mercuric oxide, mercurous chloride, and basic mercuric sulphate ; J. von Lielbig, 
infusible white precipitaU? ; U. Alvisi us(‘d mercuric ethyl sulphide, men'uric 
ethyl chlorosulpliide, nierturous chloride, etc., with ammonium sulphide, or 
hydrogen sulphide with an acidic or alcoholic soln. of mercuric ethyl sulphide. 
L. Weiiischenk ]»n‘pared cinnabar by heating a soln. of mercuric chloride and 
ammonium thiocyana^* in a seale<l tula* Indweeu 2;k)" and 25(i^ for i-4 days. Ikith 
red and black sulphides wert^ formed ; the ammonium thiocyanat<* WTved to 
genera^ hydrogen siilpliide. W. J. S. Grawitz dissolved mercuric oxide in a soln. 
of sodium thiosuIphaU' and precipitat<*d the red sulphide by adding ammonium 
chloride, and warming the soln. ; 0. Htiusaniann heatc<i a soln. of infusible white 
precipitate in a cone. soln. of sodium thiosulphate ; F. J. Faktor similarly treated 
a soln. of mercuric ehlorkle, F. Field a soln. of mercuric iodide, and H. Fleck a soln. 
of potassium mereuric thiocyanate, or sodium mercuric chloride in the sanu' solvent. 
The reaction has ulst) been studied by E. T. Allen and ,1. L. (-rcnshaw-~t)«/c itupra, 
J. {^hrdder passed hydrogim^ulphide into a soln, of merc'uric bromide or iodide in 
pyridine, and obtained a red sulphide ; with soln. of the chloride the precipitate 
was at first black and then red ; and with very dil, soln. the thiochlorid<‘ was formed, 
F, Bezold obtained the red sulphide by the action of an uminoniacal aoln of hydrogen 
sulphide on a soln. of mercuric iodide in methyl acetate-^M. Hamers used ethyl 
acetate. E. Gerlach electrolyzed a soln. of b grms. ammonium citraU*, 8 grins, of 
sodium nitrate, and KKi grms. of water in the presence of sul]diuric acid, The 
deep red mod ideation of mercuric suljihidc, designated j3-HgS, which is not cinnabar, 
was prepared by E. T. Allen and J. L. (’nmshaw fnmf soln. containing 10 jier vmt 
of mercuric chloride, and sodium thiosulphate with 2 per cent, of sodium idiloride, 
provided the, ratio lIgCi 2 : Na 2 S 203 was between 1 : 1 and 1:4. 

According to E. T. Allen and J. L. (’renshaw, when the red ]>owder formed by 
the action of ammonium sulphide* is sublimed in an evacuaU'd glass tube, tho 
sublimate is quite black. If the layer on .the walls of the tube, is very thin, or 
cooled with sufficient rapidity, it is entirely black, but in thick layers, the product 
is practically all coarsely crystallized cinnabar coated with a thin layer of black 
sulphide. It is not possible to say definitely if this coating is amorjihous or if it ft 
metacinnabariU*. K. Kempf sublimed mercuric sulphide under 12 nun. jiress. at 40U* 
and obtained nietacinnabariti; ; W. Spring obtained it by subliming ordinary 
mercuric sulphide in an atm, of an indifferent gas - carbon dioxide, or nitrogen ; 
H. Arctowsky, by heating a mixture of sulphur and mercuric chloride in an atm. 
of hydre^en ; and E, T, Allen and J. L. Crenshaw, by boiling 6 grins, of mercuric 
chloride, 60 grms. of sodium chloride, and 12 grins, of sodium thiosulphate in 
4 litres of water and 10 c.c. of 30 per cent, sulphuric a<!id, washing the precipitate 
wdth alcohol and ether, then with carbon disulphide, and finally drying in vacuo 
at 250°. J. M. Seguin converted cinnabar into the black sulphide by heating it 
out of contact with air ; if the temp, is too high, cinnabar sublimes, and if th«^ black 
colour is to be retained on cooling, the cinnabar must be heated until it begins to 
volatilize, and immediately the sublimation of the sulphide bt^gan, J. N. von Fuchs 
plunged the tube of mercuric sulphide into cold water. The red sulphide blackens 
when heated to 320°, and tht red colour is restored by fast or slow cooling, if heated 
to 410°, W. Spring found that the black colour remains on cooling ; and he con-v 
vetted some red into black sulphide by trituration. M. Holoff converted red into 
black sulphide by exposure to light, and K. Heumaun said that the transformation 

$t 



948 


INORGANIC AND THEORETICAL CHEMISTRY 


dependent on the preattnee of nioi»ture ; it does not occur when the red sulphide 
is under acids, but under alkaline sojn. it proceeds faster than under water, ^ 
Black art>orj)hous sulphide is produced with the development of heat when the two 
elements are triturat<*d at ordinary temp. If other than eq. proportions are used, 
the excess of either element remains in 4 free state, and 0. G, Mitscherlich removed 
the excess of sulphur with carbon disulphide, and M. af Rowmschbld, the excess of 
mercury with dil. nitric acid. T, W. C. Martins aj^itated the mixture by fixing the 
containing bottle to the beam of a Mawmill. F. D. LichUuiberg warmed the mortar 
in which the trituration was made ; if heated too strongly, some red sulphide was 
formed. A. Monheim triturat4*d injual jmrts of sugar, sulphur, and mercury with a 
little water and aft^irwards washed out tin* sugar ; P. L. Geiger likewise triturab^d 
a mixture of sulphur and mercury with about 10 ]»er cent, of ammonium sulphide, 
and P. U. iJestouches used potassium sulphide. The soluble sulphides were after- 
wards removi'd by washing. R. von S<dir6tter found that when a piece of sulphur 
is placed in a barometric vacuum, in darkness, the black sulj)hi(le is formed in a few 
days ; in light, some red sulphide is also formed. J. Dew/ir noted the formation 
of the black sulphide at the temp, of li(juid air. When inert ury is agitated with an 
excess of an a(j soln. of ammonium or alkali poiysulj)hidi*, the black sulphide is 
formed, and if sulphur is added, the polysulplndc is reformed, and the conversion 
of tlu' mercury is completed. 

Acconling to (\ RarbK*d, mercurous salts with hydrogmi sul])hidc, or colourless 
uniinouium sulphulc, give a mixture of black amorjihous sulphide and mercury. 
L. Freundt made the black sulphide by digesting a In of mercurous nitrate with 
washed Huwers of sulphur, hut G. Vortmaim and (J, Padherg found that but little 
sulphide is formed when mereurous sulphide is boiled with sulphur and watiT. 
A. Haume found black mereurie sulphide is precipitated by hydrogen sulphide or 
alkali hydrosulphides from sidn. of mercuric salts K. Wcinsc hruk stated that the 
precipitate is the cinnabar not the metacinnal)arit4' modification. Alkali chlorides 
were found by E. Rupji to favour the coagulation of the precipitate IJ. Antony 
and Q. 8cstiui mixed soln of liyilrogcn siiljihide and an aq. suspension of mercurous 
chloride or acetate. N. TarUgi mixed sola of mereurie thioucetute and ammonium 
sulphuh'. J, 11. Thwait(*s found zinc sulphid<‘ j>reeipitated iimrcune sulphide 
from cold soln. of mereurie suits. J. iSi'hroder found dry pyridine soln. of mercuric 
chloride or cyanide gave the black sulphide when treated with dry hydrogen sulphide, 
and the ivd sulphide with analogous soln. of mercuric bromide or iodide. 

J. Faktor obtained the black sulphide by the action of dry sodium thiosulphate 
on mereurie chloride ; when eiunabar is sublimed from sodium thiosulphaW, the 
black sulphide is formed, and the product is reddened by trituration. 

» Aeeordmg'to F. Cornu, ^ native bhu'k amorphous merc uric sul[)hide is colloidal. 
A. Lottermoscr prepared colloidal mercuric sulphide by the ac tion of hydrogen 
sulphide on a finely divided suspension of mereurie oxide ; he also’ dialyzed the 
deep soln. obtained bv pa.ssing hydrogen sulphide into a sola, of mercuric cyanide. 
H. R. IToeter and R, A. 8. Jones precipitated mercuric sulphide from a soln. of 
mercuric salts in the presence of certain organic acids —formic or citvic acid. 
C, Wiussiuger, and 11. W. Fieton and 8. E. LindcT suspended in water the pre- 
cipitate produced by passing hydrogen sulphide into a soln, of mereurie chloride, 
and passed hydrogcui sulpliide in excess througli the licjuid. It was suggested by 
H, W. Picton and 8. E. Linder that the products are nwrcuric hydromlphidet, 
Hg8.nl{]t8. J, Is^fort and P. Thibault treated a soln. of gum arabie and mercuric 
chloride with sodium sulphide. J. Hausiuaun allowed a soln. of mercurous nitrate 
to diffuse iuto a 5 per cent, gelatine soln. of ammonium sifiphide. W. Leuze treated 
a soln. of sodium protalbiuate or lysalbinatt^ with one of mercuric chloride. 
A. Pieroni' added a soln. of hydrfigen sulphide in pyiCdine to a soln. of mercuric 
acetate in. the same solvent. E. W. Is'wis and H. Waumsley treated mercury with 
carbon disulph'dc v'ontaiuing about U*5 per cent, of caoutchouc, and 10 per cent, of 
benzene. 



MERCURY 


949 


The phydoal m^otias of ftMiciirifi Accord in^ to E. T. Allen and 

J. L. CrenRhaw ,• the ootoor of the mercuric Rul]>hide |)owiler formed by ammonium 
sulphide ia a lighter scarlet-rc'd than thatpre^mfH) by uaiugauexcasaof alkali sulphide. 
The difference is solely one of suMivision, the darker product consists of crystals 
easily recognijM^d by the naked eye, and the colour of Jhe<k\ when ground in a mortar, 
is scarcely distinguishable from that of the jmwder made by using aminoniuni 
sulphide. The colour of cinnabar varies from searh't-red to brownis)i-red and 
lead-grey. B. F. Hdl has deserilved ruby-n‘d crvstalsiuf einnabar, and 1*. W, Jert‘* 
mejetf, a variety eochint'al red about the edges, and leatl-grey in the thicker parts. 
When heated, verniilion-n‘d acquin's a brownish tinge, and it Isuoiues quite bn»wn 
at SoCk’, and blac k at a higher temp. If the has not been u}> to the point of 

volatilization — according to E. T. Allen and J. L. Crt'ushaw the searlet 
colour is restored on eooling ; otherwise the eolour rc'inains black, as previously 
indicated. The tcunp. at which cinnabar Is'tomes permanently blaek is not an 
inversion jmint. E.* T. Allen and J. L t'renshaw’s hexagonal form, j9 HgS, has 
rather a deej)er red colour than ordinary einnabar, but it is not distinguishable 
from einnabar by coloyr alone. Metoeinnaharito is black, wit h a rc'ddish or breewnish 
streak. The amoqchotis sulphide* is l)la<*k. The colloidal soln. are black, or if 
dil., brown. 

Metacinnabarite forms hc'xacistetrahedral crystals belonging to the* cubic 
aystem. They were studu'd by A. Schrauf,^ W. H. Melville, M. Kram.’ois and 
(7. Tiormand, H .Vretowsky, (J. bb Moore, W. Spring, E. T. Allen and .1. E. (Vensliaw, 
eU*. The crystals of the ar|^ificial black sulphide, a'-HgS, have not been definitely 
identified with the native* mine*ral on ae'count of the minute size* and jioor develop- 
m<^it. The* crystals show typically six s]»indlc-sha])ed rays a]>j>aren(Iy eepnil, and 
meeting at right angles se* that they indicate a ske*ie*tal growth jiaralle*! to the* axes 
of the c ube*. J H L. Rome* de rish* su])posed the crystal form»of cinnabar to be 
])robably tetrabcdral. and K. J. Haiiy showed them to be he^tgonal. In a Momijraphi^ 
dcr KnfstaUfttrvu n des Ztnnnh’rfi. A. Se habus reported the axial ratio to be* a : o 
■1:1 and a -1»2 ' 3()'. Artificial e-innabar forms re*d hexagonal ]irismK or 
jelates. I)ifl<*rcnt forms were mvc'stigated hy A. de*H .(’ioize^aux, 0, Miigge, 
A. Schmidt, H. Traube*, E. T. Allen and J. L. (’renshaw, e*te. E. T. Allen and 
J. E (-renshaw's modification, j3-HgS, is jirismatic in habit, and has been obtaine’d 
in cr)'HtalH not exci'eding 0 CKK) mm. in width, and mm. in length ; the crystals 
Uper towards the ends, and liave*,no distinct fac'cs, The*y are* gi*nerally aggregated 
in stellate* grouies. F. Haber found by X-radiograms that the amoqihous pree?ipi. 
tato of mercuric suljihido has 11 great tjcndency to assume the crystalline stato. 
('. Mauguin was unable to establish the c’haracter of the space-lattice from his 
observations on the X-radiogrums of cinnabar. 

According to H. Boyle, the specific gravity of difb*rent samj)le*s of einnubar 
ranges from T o? to 81. i'. J. B. Karsten gave* for the sp. gr. of siihliiued 

cinnabar; 1*. F. G, Boullay gave* 8 124; E. T. Alle*n and J. Ij. (Veushaw gave 
817t) for the sp, gr. of purified red mercuric sulphide* at 2r)"'/l ' ; and W. Spring gave 


for tlg^ sp. 

gr. and speofic volume of ]>re*cipitate*d red mereuric 

sulphide 



m-G’ 

2:1 

:i4 4 ' 

34 G ’ 

• r»«er 

77 7’ 

Sp. «r. . 

H 1289 

8 1240 

H 1004 

81010 

8-0830 

8 -0886 

Sp. vol. . 

. 123018 

123 082 

123 450 

123-432 

123-675 

123*029 

and of sublimed red mercuric, suljehide ; 






!&«• 

18(1* 

34-«‘ 

^ 7** 

77 5" 

7T7* 

8p. gr. . 

8-1&V 

8 U64 

8 1181 

8-0906 

8-0979 

8*0978 

Sp. vol. . 

. 122 S69 . 

122 754 

123 182 

123-588 

123 488 

123*490 


E. T. Allen and J. E. Trenshaw gave 7'20*for the sp. gr. of at 2574®. 

G. E. Moore gave 7 70l-7'748 for the sp. gr. of metarinnabArite ; W. U. Melville, 
7 095-7*142 ; A. Schrauf, 7 766 ; 8. L. Benfield, 7*81 ; and T. Allen and 
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J. L, Crembaw, 7'60, at 2574®. W. Spring gave*124-3a5 for the ap. vol. of meta- 
ciniubarite. W. Ortloff computed the mol6<ni]ftr TOlniiM of cinnahar to be 28*75 ; 
and metacinnabaritf, 29 U9, 0. B. Moore gave 7*552 for the sp. gr. of amorphous 
black mercuric sulphide ; and W. Spring, 7*5543 at 20®. The latter also gave for 
the sp. gr. and sp. vol. of the gmorjjhous sulphide : 

»H:i- 23«* 35 *V' & 0 '«" 77'6* . 77‘8’ 

8[>. Kr. . 7 0242 7 6047 7-6697 7 6500 7-6494 7*6678 7*6610 

Sp. vol. . . 1.31160 13r496 132*106 132 462 132 464 132*313 132*226 

The hardness of native? ciimahar is 2 to 3*5 on Mohs' scale ; and G. E. Moore gave 
3*3 for that of nietacinnaharito. A. Ries and L. Ziininerinann have discussed this 
subject. 

The coefficient of thermal eipansion of cinnabar, according to H. Fizeau,B is 
a ■0(KKXJ2M7 parallel to the principal axis, and (l-fKJ(K)17(ll peq)endicular to that 
axis when the ti*m[). is 40'‘ ; the ttnnp. coefl. of the fornuT is dc|i/(i0^~O^O^U)l, and of 
the latter, O-()7O03. According to E. Jannetuz, the s(j. root of the ratio of thermal 
conductivity of (unnabar in the direction of the pri!U'i])al axis to that in the direction 
of the base is 0*85 ; li. Godard also measured the diffusion of heat in cinnabar, 
if. Kopp gave 0-0517 for the Specific heat of cinnabar betweem 12° and 51® ; 
H. V. Regnault, 0-0512 between 14® and 98® ; F. Streintz, 0*0548 ; A. A. do la Rive 
and A, Marcet gave 0 0.597 ; A. Si?lla, l)*0529 ; and W. Sjning gave : 

•j'>' :ur Su" 40* f>r»’-oo’ o.v’ 70 * 75 -wr 

8i». ht. , 0-0749 0-0871 0 0934 0 0985 0 1074 0 1 270 

' , •) 

A. 8. Russell gave 0-0391 between —189® and —79®; 0'0488 from —74® to 0®; 
and 0 0515 from 2 ' 0> 49 '. If. V. Regnault gave 0’0512 for the sp. ht. of tin* black 
sulfdiido between, 14 ’ ami 98® ; F. iStreiatz gave 0*1026 ; and W. Spring : 

2.V^30' :i.r 40’ 4.r~5U'' .V.’ 00 ** Oj* 70’ 75’-80’ 

Sp. ht. . 0-08.35 0-0967 0 1102 0 110.3 01200 0*1433 

M. G<6dstein gave 5*9 for the molecular heat of cinnabar. E. Tiede and A. Schleedo 
foiiml that although mercuric sulphide sublimea without melting when heated 
under atm. press., the melting point is 1450® under a ])resK. of 120 atm., furnishing 
a st<'el-grey matt solid wlih-li becomes red when rubbed. Mercuric sulphide 
volatilizes without melting at atm. press. .Recording to E. T. Allen and 

J. L. (Crenshaw, the vapOUT pressure reaches one atm. at 580®. and the com- 
])ouud is stable over the whole temp, range up to the volatilization point. 
The other two forms are monotro])ic, because at UK)®, both a'-IlgS and p-HgS 
are changed into einnalmr with a soln. of ammonium sulphide, while at 200®, 
tho same chairj;e occurs slowly in st’ah'd tubes with 30 )rer cent, sulphuric 
aeid ; and at 4)K) 4.')0'', .5(X>' , and .5.’*iO'’, both are transformed into cinnabar w*hen 
heaU'd alone in evacuated gla.ss tubes. ('. Zenghelis stated that cinnabar 
volatilizes slightly at ordinary temp, in vacuo. G. F. Hildebraiidt stated that it 
sublimes in closed vessels without decomposition and without residue. Aceprding 
to F. Damm and F. KrafTt, volatilization begins at 4(K)® when cinnabar is exposed 
to the oathodi* light in vacuo, W. Biltz gave the volatilization temp, of cinnabar 
as 446° ± 10®. and A. do Grafiiont found that it volatilize.^ rapidly in the ehictric 
arc. A. Schrauf stated that metacinnabarite l)egin8 to volatilize in air at 240°. 

K. Mitscherlich found the vapour density to be between 5*51 and 5*99 ; V. and 
C. Meye# gave 5*39— calculated for a mixture of Hg and 85^, 5*34. A. Schrauf 
estimated the minimum mol. wt. to be Hg^Ss ; and A. 8<'otJ^calculated the mol. wt. 
to bo 151*8 at high tmup. 

J. Thomsen® found the heat of formation to be (Hg, 8)— 16*89 Cals. ; and 
Hg(N03)2A(|.-VHs8aq.—HgS-f2HNrt3 -1-38*87 Cals. ; and M. Berthelot gave for 
(Hg, 8)bi,^ prwifiuu R^'6 Cals. The black amorphous sulphide, according to R. Varet, 
is transformed into the red amorphous sulphide with the evolution nf n-9i n.i 
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and into the red crystalline fonS with 0 30 Cal. : so that the trandomiation of 
red amorphous into red crystalline is attended bv the evolution of 0 06 Cal. 

A. des Cloiseaux found the ntnottfe illduc of cinnabar *for red li|;ht to be 
<11=2*854, and <=3*201 ; and for the Li-ray, <i>i=2*816, and €=3*142. K, Zimanyi 
also measured the refractive index of Almaden cinnabar, H. E. Merwin and oo- 
workers/ound co=2 81, and <=3*14 for The Li ray ; for the hexagonal 
a)=2*58, and <=2*85, for a ray A=650/i/i and the disjM'rsion € -<i>=0'24. The 
crystals of mercuric sulphide have a high refractive ftidex. ('Hnnabar and meta- 
cinnabarite have a strong positive double ndraction, and they are optically uniaxial. 
The drcoltr polirizatton of cinnabar was studied by A. des ('loiKcaux, G. Wyroul>ojl!, 
G. Tschermak, and W. H. Mehnlle and W. Lindgion. The dispenioil of eitmalNir 
crystals was measured by H. Rost*, and found to deviate from Dnide's and Kettoler’a 
formultc. E. L. Nichols and B. W. Bnow measuitHl the raflacting powar of cinnalmr 
for rays of different wave length la'tween 25® and 220® A. de Grainont found 
that the spark ipactnim of cinnabar showed the lines 570. 577, 540. 430. and 404/i/i, 
as w'ell as many sulj)h^r lines. K. Heumann found that cinnalair e.thibita thanuo- 
lomiliasoaiica glowing W’ith a feeble white glow -.1. Calafat y ls*on said a blue glow — 
when heated. S. M. l»sanitarh found specimens of cinnabar from Alva and Bare 
(Serbia) and Idria (Austria) have a smaller radioactivity than ])itehblende. Other 
inercur}’’ minerals examined were inactive. The l)arvteH which accompanies the 
active cinnabar is inactive, from which it is concluded that radium is ahamit and 
that the activity is due to a “ radio-mercury.’* The activity is coinjiIet-tOy removed 
by igniting the mineral. A^conling to A Verneiiil, the presence of part 

of mercuric sulphide in calciuuf sulphide changes the colour hut not th<‘ intonMity 
of the phos])horescence. B. Gudden and H. Bold, and 11. Bose found cinnabar 
showed a photoeloctric effect ; and H. Ibw* studied the effe<’t of t4‘»6p, on the 
refraction of light by cinnabar, and also the absorption spectrum of that compound. 
The coagulation of colloidal mercury suljdiidc in light was oftw'rved by B. B. Ganguly 
and N. R. Dbar. 

A. de Grainont,!! and G. CV’saro found that cinnabar has a feeble electriOAl 
conductivity. The conductivity was found by .1. (iibson to increase on ex|K)Hure 
to light. R. G, van Name said the conductivity of rod ancl black mercuric sulphhlrti 
amounts to 001 to 0 02x10"®. According to G. Karsten, F. lieyerinck, and 
G. O’saro, inetacinnnbarite is a good conductor. Black mercuric sulphide was 
found by F. Streintz to conduct ivell when pressed into rods under a press, of 
10, OtK^-i 3,000 atm. The resistance falls from 41 ohms at 16® to 111 ohms at 100® 
and rises to about 25 ohms at 140®. W. Munch made observations on this subject, 
C. H. Hall foimd colloidal menuric sulphide 8U8j)ended in oil is not ]>re('ij)itated by 
alternating or direct currents of voltages 10* to 2x10*^. 

The chemietd properties of mercuric sulphide. — Black mercuric sulpblBe 
reacts chentieally much the same as the red sulphide, only more vi|<orouBly. 
K. Heumann !* found that red mercuric sulphide prepared by digestion with 
ammonium sulphide is decomposed more rapidly by exposure to liffk than is the 
case with that prepared by sublimation. In water-colour painting, said A. H. Church, 
most vermilions are found to be changed on exposure, the, solar rays gradually 
converting the red into the black sulphide without producing any chemical altera-* 
tion. This change occurs even in the abwmce of air and moisture. Impure air, 
per re, even if hydrogen sulphide be present, does not altor vermilion, W. 1). Ban- 
croft added that the varnish on a picture cuts of! the ultra-violet light to a very 
great extent, and protects the picture in this way, in addition to kecj^iing out 
moisture and gases. %d mercuric sulphide was found by K. Heumann to be 
blackened when exposed to sunlight under cone. aq. ammonia, but there is no 
separation of sulphur or qjercury. Commercial sublimed vermilion i^superficially 
blackened in a few minutes when kept under cone. aq. soln. qf ammonia, or alkali 
hydroxide, and with vermilion prepared in the wet way, the blackening ocean in a 
oonple of seconds. When preserved for a long time under water acidified with nitric 
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acid, vermilion showed no signs of blackening ; if the vermilion prepared in the wet 
way contains traces of nierrurous nitrate, it is blackened in darkness when confined 
under a soln. of amlnonia or sodium fiydroxide ; boiling the product with diJ. nitric 
acid restores the red colour. W. Ramsay and M. W. Travers found that native 
cinnabar contains occluded carbon monoxide. 

H, Pelabon found that bjdTOgen i^acts slowly with cr}'8talline cinnabar at 
tiSty ' ; and in a closed vessel, equilibrium is attained in about 90 hrs. at 360® when 
about 7H’67 per cent, of hydrogen sulphide is present ; at 440®, there is 85’29 per 
cent. ; and at 92' 10 per cent. The ratio H 2 : HoS is dependent on the initial 
press., and is smaller in the presence of an excess of mercury. G. Pollacci found 
that the moist j)recipitated sulphide is oxidized inon* quickly than cupric sulphide. 
According to G. K. Hildebrandt, when cinnabar is heated in air, it burns with a 
blue flame, forming sulphur dioxide and the rnetal. K. Friedrich stated that no 
decrepitation occurs when cinnabar is h(*atcd in air or oxygen ; sulphur dioxide 
Is'gins to ))e forriH'd between 2.‘)0'' and 297®- depending on tiie grain-size ; fumes 
begin to ap])ear between .348® and 4.‘K)® ; and the mass igqites between 380® and 
4r)()''. F. Janda lia.s studied the changes which oc'cur during tin* roasting of cinnabar 
for th(5 metal q.r. A. Mailfert found ozone reacts slowly with mercuric sulphide, 
converting it into .sulphat4‘. H. V. Regnault observed that at a red heat water 
vapfiur furnishes hydrogen sulphide, a black sublimate, much metallic mercury, 
but no mercury oxide. G. A. Binder found that distilled vvat(‘r acting on cinnabar 
for r> weeks at IH)® dissolves traces of the mineral. According to G. Bodlander, 
mercuric suljdiide is lesss(diible in water than is silver o^cuprous sulphide. 0, Weigel 
found that a litn' of water dLssolved 0 ()r)lxi0“^ mol of precipitated mercuric 
sulphide ; and J. Knox that a litre of water at 24 ' dissolves 1’7 X 10”“^ mol, and* the 
solut(' is ( (UMpletely dissociated, P. de (’lerrnont and M. Frommel found that the 
pri'cipitated sulpTiide is not d(‘composed by water at KK)®. T. M, Broderick found 
that cinnabar is diHsolv^d by natural chloride-waters but not by sulphide-waters. 
W. Spring believed that mercuric oxytrisulphide, IIg().3HgS, is formed by Iwiling the 
Hulphato-sulphide, IfgS. 3 HgS 04 , with water; but T. }*oleck doubted the existence 
of the o.xysulphide. In all reactions e.xamined by T. Poleck and C. Goi'rcki a mixture 
of the Hulphidt* and oxid«* was formed, and the latter was nunovablo by dil. hydro- 
chloric, sulphuric, or acetic acid, by formamide, or by digestion with a soln. of 
potassium iodide at Htt". 

According to F. Field, cinnabar burns in cldoriue with incandescence, forming 
sulphur chloride, HoOL, and mercuric chloride ; when boiled with a mixture w'hich 
develops chlorine say, mangane.se dio’xide or antimonic or arsenic oxide and 
hydrochloric acid mercuric chloride and sulphur are fornu'd ; and when treated 
with aqua re^a, it dissol\’<*s ({uuntitativoly as mercuric chloride- only a little 
sulphuric acid is formed. G. F. Hild(*brandt, and J. B. Hannay also noted the 
solubility of cinnabar in aqua regia ; A, Schrauf also found that mefacinnabarite 
dissolves in cold a<|un regia \\ith the separation of fioieulent sul])hur. E. Schafer 
found cinnabar to be slowly decompo.sed by bromine at ordinary temp, and rapidly 
when heated, while E. Fillud and J. Melli^s stated that iodine alone or in ethereal, 
chloroform, or aq. soln. acts on mercuric, sulphide alone, or suspended in water 
or alcohol, forming mercuric iodide ; and K. W^agner found that a soln. of 
iodine in ])otaasium iodide decomposes cinnabar: HgS-f 2 KI-}-l 2 =S-f- K 2 Hgl 4 . 
B. S. Ncuhaiist'n studied the action of iodine on mercuric .'<ulphide. According to 
M. Berthelot, hydrogen chloride decomposes cinnabar. G. F. Hildebrandt said 
that hydrochloric acid has no action. U. Antony and L. Niccoli also found that 
hot acid of medium cone, has no action on mercuric sulj^hide ; but, according to 
S. M. Jorgensen, the cone, boiling acid gives a little hydrogen sulphide, and, when 
the soln. co^ls, yellow mercuric thiochloride is dejiosite^. M. Berthelot said that 
mercuric sulphide is docom]>osed by fuming hydrochloric acid. According to 
W. B. Rising and V. Lehner, mercuric sulphide readily dissolves in boiling 20 i>er 
cent, hydrobronlic add furinshing hydrogen sulphide and mercuric bromide ; and, 
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ftccofd^ to JB. J5rg«niien*the cone, aoid attacks merruric aulphido io tlie 
coI<y^d when warmed a colourleas soln. m quioklv formed. A. Kekul^ stated that 
jQdif hydiiodio add dissolvea mercario su||)hido in the cold; but the dil. acid 
required to be heated. 

Salts of the hypothetical acid HjS.HgS. or are known. U. W. Picton 

and S. E. Linder found that when hydrogan fulphide is passed into water ctm- 
taining mercuric sulphide in BU8]>cn8ion, some of the latter is dissolved - 10 gmis, 
j)er litre — this is probably colloidal, since, according ’to J. Knox, the cone, of the 
complex which is formed is of the order 10' ino) per litrt'. J. N. Mukherjee and 
N. N. Sen found that a soln. of hydrogen sulj>hide stahilixes men*uric sulphide aol 
against coagulation and an inen-aaed stability occurs with ammonium and potaa* 
sium chlorides, and a deert'ase with barium and strontium chlorides. The stability 
of the sol is also increast^d by ddution irrespective of the natim^ of the electrolyte. 
The data which have been published on the solubility i)f mercuric sulphide in soln. 
ai alkali sulphides and alkali hydrosulphides art' contradictory. M. (\ Mehu stated 
that mercuric sulphide is insoluble in either sodium hydroxidi* or sodium sulpliide, 
but that it 18 soJubli; in a niixtim' of the two ; howi'ver, acconling t4> L. L. de 
Koninck, mercuric sulphide is very soluble in cone. soln. of the alkali sulphides - 
even in the abtuuice of alkali hydroxides -and in those of the alkaline earths, hut is 
not soluble in soln. of the liydrosulphide.H or in ammonium sulphide, (NUi)^^. 
G. F. Becker found that this statement is true only for cold soln , for when heated 
with a soln. of sodium hydrosulphide, mercuric suljdiide dissolves ; it is also wiluhie 
m soln. of sodium sul]>hi<Ie and m mixtun's of the two. Men iirie sulphide is com- 
pletely soluble in a ini.xed sc^n.af sodium hydroxide and sul])hi<le when the ratio HgS : 
Na.^K IS I : 2. According to U Wel>i‘r the solubility is conditioned by the formation 
of double salts wliich were aft^'rwanls studied by A. Ditto. The presence of sodium 
carlxmate does not retard the dissolution of menmric sulphide in sodium suljihidc 
soln., but within certain limits a part of the men ury m ]>ri*cijiitatetl if borax be 
pre.sent. A. Schrauf found that metacinnabarite is eompletcly soluble in colourless 
jK»ta,ssium hydro8ul]>hid<‘ ; ami all three crystalline modifh’ations were found by 
K. T Allen and J. L Crenshaw to be soluble in soln. of potassium and sodium 
monosulphides. V. Stanek f<»und white ammonium sulphide triMiaforms the n'd 
inb) black sulphide at ITiO 2<*i in a seale<l tulie According to L. L. de Koninck, 
the addition of a large proportion of water to a wiln. of alkali mercuric sulphide 
jirecipitatcs nu'rcuric. sulphide, , but not if alkali hydroxidi* be also jurwmt. 
Ammonium chloride, according to K. FolstoriT ami K Billow, also precipitates 
mercuric sulphulc from its soln. in alkah sulj>hide8 M. Bert helot found that the 
jirecipitation begins w’hen acetic acid is added to the soln of alkali menmric sulphide 
even if the soln. is alkaline, and it is eomplete in an aexl soln. L. L. de Koninck 
also added that if the jirecipitation be rapid, the black suljihide ^ipcars; if i4ow, 
the red sulphide, E. Ikdirend estimated that a soln. of mercuric sulphide in sodium 
sulphide has a mgrm. of Hg-ions jier 2XlOi7 litres for the cone, of the 8"-it)ns or 
the Hg *-ions ; J, Knox gavi* 1 7x10*^^ gram-ions per litre, and L. Bruner, and 
J. Za^adzky gave 9 ()Xl<P*C .T. Knox studied the solubility of mercuric sulphide 
in soln. of the alkali sulphides and in soln. of barium sulphiile. lie found the 
solubility in potassium sulphide soln. t<i 1m* greater than in sodium suljihide solp. 
Expressing the results in niols j)er litre, ,1. Knox found with j)otaHsium sulphide ; 


Cone, of K,S 
Solubility HgS, rod 
Solability HgS, black 


10 0 5 0 25 

0-4629 0 1588 0-04839 

0 1836 0-0600ft 


and with sodium sulpbkle : 

Cone, of Na, 8 . 2-030 1 62 l-Olti 0 756 0 50 0 25 0 10 

SolubUity HgS, red *. 1 144 0 7832 0 4423 0 2878 0 1500 0^544 0*00824 

Solubility HgS, black . -- 0-8661 0 6002 0 3336 0»1806 0*05622 001088 


In the case of sodium sulphide soln. the anions HgS 2 " are formed^ and this the more 
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with incTOwiing dilutiofl, and with the black suIpSide more readily than with the 
red. The eoluhility decreases with rke of temp., so that the temp, coeff. between 
25^ and 33° in amall •and negative, p 


Cone, of KsgS 

. 0*755 

0*50 

. 0*26 

0*10 


Holubility at 33* . 

. 0-2828 

• 0*1466 

0*04360 

0*007887 ’ 

Holubility at 25“ . 

. 0*2878 

‘ 0*1500 

0 04644 

0*00824 . 

Th*» Holubility is augmented if sodium hydroxide be present. 



CJonc. of Na,8 . 

. 1*015 

0*765 

0*60 

0*25 

0*10 

Holubility >1{(H 

. 0*4423 

0*2878 

0*1600 

0*04644 

0*008241 

with 0 fliV-NaOH 

. — 

— 

0*2843 

0*1106 

0*03962 

lOANuOH . 

. 0*673 

0*486 

0*302 

0*148 

0*0663 

4 675^-NaOlI . 

, 




0 225 

0*0903 

7-7N.NaOH . 

. 09167 


0 4637 

0*2369 

0*09634 


In Hoin. Hat. with Hodium Hulphidc, J. Knox found fHg ’ -4 X 
and for th« complex anion, r)ixl<>~^^fHt< ')[ 8 "p -[UgS 2 "). J. Knox calculated 
the oriuilihrium coiiHtant from the data of (’. fmrnerwalir to he and 

obtained for the Holubility product (IIg '|[S"J -- ‘2 Hx at 25''. R. Abegg 
atated that the Holuhility of cinnabar in alkali aulphide Holn. ih ])roportional to 
the cone, of the 8 "-ionH. The Holubility of mercuric; 8 ul))hidc* in Holn. of Hodium 
dimilphidc, Na 28 . 2 , iH about half aH great aa in the corn*Hponding hoIu. of Rodium 
monoHulphide, Na^S. The Holubility with barium sulphide soln. is virtually the 
name as with Hodium sulphide Holn.- -being () (K)8241 mol. HgS per litre with a Boln. 
containing ()‘l mol. ija 8 . i *' 

E. F. Smith found that sulphur monochloride, 82012 . dissolves cinnabar. 
According to If. Feigel, a benzene soln. of Hulphur chloride converts mercuric 
Hulphide into a yellow comjiound, mercuric .sulphocldorule, Hg82Cl2 5 mercuric 
fiulphide is also coloure(Uye,llow when allowed to stand in contact with sulphur 
chloride. A. ( J uerout found that it is not changed by aq. sulphurous ac^d. Accord- 
ing to G. F. Ifildobrandt, ami W. T. Braude, cold cone, sulphuric add docs not act 
on red or black mi'rcuric Hulphide, but the hot acid d(*velops siilphiu' dioxide with 
the sublimation of sulphur and* the formation of mercuric. sul[)hate — M. Berthelot 
did not dettict the formation of hydrogen sulphide at any ttmip. E. Diver.s and 
T. Shimidz uobtained whit<' sulphatosulphide, 2HgS.HgS04, with hot cone, sulphuric 
acid ; and A, Schrauf obUiined white mercuric s^ulphate by the action of boiling 
sulphuric ai'id on meta<’innabaritc. W. 0. Moore detect4‘d no perceptible action 
with a mixture of 4A'-HN03 and 4iV-HvS04 after KK) days at ordinary temp. ; 
there is a slight action in 14 days at 25'7r)" ; when boile<l under a retlux condenser, 
the oxidation of the mercuric 8ulphi<le is rapid. 

According kxG. Gore,io mercuric sulphide is insoluble in liquid ammonia, and 

G. F. Bt^cker found it to be Holuble in a(j. ammonia when h('at<‘d in a H<‘a!ed tube at 

but K. Heumann observed no action at ordinar}' temp, and presH. 

H. Moissau found mercury reacts with SUlphammonlum at ordinary temp., forming 
a cry8tallin<‘ mercur\f sulpliammonium which dissociates into black mercuric sulphide. 
G. F. Hildebrandt, and U. Antony and L, Niccoli said that cinnabar is not affected 
bv long Imiling iX ith nitric acid ; C. Barfoed observed no action when heated 
48 hrs. with nitric acid of sj). p. 1.52 at 70°-72°, and the precipitated sulphide is 
not attack(’<l by cone, nitric acid of sp. gr, 152 after many hours’ contact in the cold, 
but after 24 hrs. at 70°-7h°, the sulphide becomes grey, and afkr standing another 
24 hrs., sulphuric acid is formed, a trace of mercury is dissolved, and the solid residue 
is mercuric nitratosulphide, 2HgS.Hg(N(^)2. J. Torrey also stated that the pre- 
cipitated black sulphide is changed by boiling dil. nitric aciAinto brown, yellow, or 
white nitratosulphide, which ia again blackened by a boiling soln. of sodium 
carbonate. P: Gramp found that wifli nitric acid of sp. 14 in a sealed tube at 
120", mercuric sulphide is rapidly and completely oxidized to mercuric sulphate ; 
with an acid of sp, gr. 1'2, the residue has the composition HgO, 6HgS, 2Hg(NQ|)2, 



nncfUEY m 

ISHfO. J. L. Howe found thnfr mercuric »ulphide ia not eluuiged by boUing with 
pure nitric nt'id (sp, gr. 1*42) ; the addition of one drop of dil. hydrochloric acid* 
however, cauaea the conversion of the sulphide into a yeUowilh*whitii ooni(>otmd, 
pr^umably Hg(N0|)2, 2HgS ; the further addition of 10 drops of hydrochloric 
acid causes the complete aoin. of the yellowish eoii 4 >ound. The same changes are 
brought about by dil. nitric acid containing a little hydrochloric acid as impurity. 
Similar observations wen* made by W. C. Moon* with a n\ixture of nitric and and 
potassium chloride —the inen'uric sulphide is num* ctr less vigorously oxidised — 
vide supra for the action of aqua regia. U. F. Wcinland and h. Stors fotmd no 
reduction occurred when mercuric sulphide is Iniiled with a soln. of todhun IlMHlito* 
NajAsOj. L. Stondi found that cinnabar is dissolved by soln. of sodium or ammo- 
nium ildoarseiuUe. thioantimoiiAte, ihioitannate* thibmolybdite* thiotongitate, 
and thiowidate. 

According to F. 0. Vogel, when a mixtun* of men'urie sulphide and OHrbon — 
lampblack, or chan aal -is heated, decom|K>sition oc< urs. mercury vajmur is giwn 
off, and a large quantity of hydrogen sulphide is evolved - P. Bi'rthier said that 
F. C. Vogel miHt<s)k (^rboii disulphide for hydrogen sulphide, and added that the 
deconijKisition is very incomplete. M. IVrthelot fouml that freshly pn*cipitated 
and well-washed mercuric sul})hide dm‘H not dissolve in a soln. of poUUMium 0yiAid6b 
nor does a soln. of ]»otassium men'uric cyanide, K 2 HgCv 4 . give a precipitate with 
hydrogen sulphide. T. Ro84*nbladt bmnd mercuric sulphide to be soluble in a soln. 
of potassium thiocarbonate, and to be n*preeipitatcd bv earlsm dioxide. 
U. C. Bolton found that cinnal>ar resists tli<* action of dthcacidt .1. Schrdder found 
cinnabar to b<* insoluble in pyridino. According to G. Itautc'r, cinnabar is not 
derompos(‘d by silicon totrachlorido. 

According to G. K. Hildebrandt,!^ cinnabar is desulphurixed wlnui heatc'd with 
iron* copper, tin, lead, silver, bismuth, or antimony, forming a sulphido, and 
mercury distils over. A. Kwhka studied the action of irttn. Karmarscli found 
that at ordinary temp co]>per nr brass is blackened by cinnabar only when impiiritiea 
are ]»resent e.rj. potassium carlsmate, but K. Heuniann found that the vermilion 
loses its characteristic c olour m contac't with ccqqsT o^ brass ; a slip (i.r. a susp<*nsion 
in w'ater) of im*rcuric sulphide* amalgamates copper; and metals generally destil- 
jihurize mcTcuric suljihide suspended in wat^-r -c.f/. cinnabur suspc'iubHl in wat/cr is 
immediatc'ly converted by zinc filings into a greymh-black jiowder ; if the watar 
is acidilied th«* change is very rapid, and some hydrogen snljihicb* is formed. 
Powdered copper acts smularlv on cinnabar suspended in watc'r. 

When cinnabar is ignikul with an *alkali hydroxide or ilkali carbonate, 
P. Bcrthier found that mercury is given off, and a mixture of the alkali sulphido 
and sulphate is formed. According to K F. Hmith, the suljdiur of cinnabar is 
quantitatively oxidized if the jmwder m j»la44-d in molten jKitassiuiif hydroxide iftid 
the containing nickel dish be made the anode for the electrolysis. J. Walker 
found mercuric sulphide to Is* soluble in a soln. of sodium hydroxide in the presence 
of the sulphides of the arseiiu; grouji ; the mereury is precipitated by adding sodium 
j)eroxij)e to the boiling soln. (.'alcium oxide acts: 4CaO-i-4HgH -4Hg-f'^t>»8 
4-Ca804. The decomposition is complete if the alkali or lime be mixed with some 
chan'oal. P. Berthier also found that lead OXide under similar conditions furnishc^ 
sulphur dioxide and mercury, and leaves metallic lead and a fusible sleg, which, if 
the lead oxide is not in great excess, contains undecomp<)8ed cinnabar. 

According to A. Vogel, when cinnabar is heated with dry rta nn oot cUoflda, 
mercuric chloride and a trace of sulphur dioxide arc given off, and stannic Sulphide 
is formed ; and when gnnabar is boihKl with an aq. soln. of stannous chloride, 
hydrogen sulphide and ^loride are evolve<l and a brown mixture of undecomposed 
cinnabar and stannous chloride, mercury, lyid stannic oxide Whan 

freshly precipitated mercuric sulphide is lioiM with a soln.^ of fonoilf obloflii^ 
J. B. Cammerer found only a trace of iron in the precipitate. F. Field found that 
soln. of fenic c hhwMa or cupric chloiidi containing an excess of hydfocbloric 
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aciid are reduced when boiled for an hour v^th mercuric sulphide — sulphur 
separates at the same time ; chfomic chIorid6 and tunuUQin chloiid6 are not 
affected, J, HanuJi found a boiling soln. of ferric sulphate is not appreciably 
affected. B. Scjiurmann found mercuric sulphide at 100° is completely decom- 
posed by a o iN-soln. of palUdiotts chlorid6» but not by one of silver nitrate or 
cupric sulphate. According to P. A. Bolley, cinnabar is immediately blackened 
when immersed in a soln. of silver nitrate containing an excess of ammonia, and 
he n'commends this as a te.st for cinnabar— silver sulphide, a basic mercuric nitrate, 
and a mercury amide are formed. Ori)iment and stannic sulphide give the same 
reaction with silver nitrate soln., but without the ammonia. 

The solubility of mercuric sulphide in soln. of various sodium sulphides has 
already bi-en discussed. G. F. Pecker assumed that compounds nNa28.Hg8 
were formed, when n d, 2, and 4, and possibly also 3 and J. Knox showed that 
aq. w>ln. contained the complex sodium mercuiic sulphide, Na2HgS2 ; and he 
jjrepared the complex 2Na2S.r)IIgH.3H20, by concentrating a sat. soln. of mercuric 
sulphide in one of soflium sulidiide, in vacuo over sulj)huric acid, and removing the 
sodium sulphide by washing with oft-renewed absolute* alcdhol. The pale yellow 
crystals decompose in air, and they lose; water in an atm. of hydrogen between 
1()0°-1U5”, and are then coloured brownish-blai’k. 

A number of [lotassium mercuric sulphides has been prepared. According 
to C, Brunner, the liquid which is decanted from the cinnabar, prepared by 
(1. 8. C. Kirchhoff’s proc<*sH, is evaporati'd and decanted from the first crop of 
crystals ; it is then furtlu'r concentrated, and a mass of fine silky mM^dles is obtained. 
These an'- dried by press, between filter paper ;*thb analysis corresponds with 
pentahydrated potassium mercuric sulphide, K2^ R. Weber made the 

crystals by dissolving freshly precipitated mercuric- Bul})hide in a mixture of 
ammonium sulj>hid« and potassium hydroxide. When the soln. is evaporated, 
ammonia is evolved aifH (Tystals of jiotassium chloride separate ; when further 
cone., crystals of the pentahydrated sulphide aj>pear, and they can be purified by 
re-erystalli/.ation from potassium hydroxide. H. Weber also mix*'d the freshly 
precipitated sulphide with a §oln. of potassium hydroxide, and passed hydrogen 
sulphide through the soln. until all is dissolved - if too much hydrogen sulphide is 
introtluced mercuric sulphide is precipitated because, said 0. Barfoed, it has a low 
solubility in the hydrosulphide which is formed. The evaporation of the soln. 
furnishi's the salt in question, ll. Weber dissolved a mixture of e(jui-molar parts 
of sulphur and mercuric 8ul])hide in an excess of molten potassium hydroxide, and 
evaporated the aq. soln. of the cold cake for crystals of the pentahydrate. According 
to H, Weber, the fine silky needles are deliquescent—probably because of the 
]»re8enco of free {lotassium hydroxide — they give off water when heate'd in a tulM*, 
aiftl melt to a Ted li<juid from which mercury, but not mercuric sulphide, sublimes. 
Water decomposes tin' salt with the w'paration of mercury and nu'rcuric sulphide, 
according to C. Brunner, or of pentahydrated potassium pentamercuric sulphide, 
K28,r>HgS,r)H.20, according to A. Ditte. A soln. of ammonium chloride acts like 
wati'r (C. Brunner) ; neutral alkali hydroxide, sodium hydro])hosphatej alkali 
hydroearbonates, and borax soln. pn*cipitate mercuric sulphide. A, Ditte prepared 
.white silky needles of what he regarded, without analysis, as heptahydrat^ potas- 
Siam mercuric sulphide, KoS.HgS.THgO, from a soln. of freshly precipitated 
mercuric sulphide in a cold cone. soln. of potassium sulphide. A. Ditte also made 
moQohydrated potassium mercuric sulphide, K2S.HgS.H2O, in golden-yellow 
plates by crystallination from a soln. of freshly precipitated mercuric sulphide in 
a hot cone. soln. of potassium sulphide. 

By keeping pentahydrated potassium mercuric sulptide for a long time in 
contact with a soln. of potiissium hyjlroxide in a closed vessel, R. Schneider obtained 
pale olive-green six-sided plates, probably rhombic, 'of potass i u m dimercuiic 
sulphide, KgS.2HgS.' The crystals melt, forming a dirty browm mass, mercury and 
mercuric sulphide sublime, and a potassium polysulphide remains as a residue. 
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Water decomposed the double^sulphide, depositing mercuric sulphide ; chlorine 
forms sulphur chloride, S^Clo, and men uric and potassium chlorides ; chlorine 
water oxidises some of the sulphur to suljihuric acid ; hydtiK'hloric acid forms 
mercuric sulphide, hydrogen sulphide, etc, ; arj. ammonia and jwtassium hydroxide 
separate menuric suijdiide ; nitric acid a< tK like hydrtM'hloric acid. A. I)itte also 
preparcil black uml it'd crystals of pcntahydratcd |K>taasmm pentamercuric sulphide, 
K^S.fiHgS.fiHoO. When mercuric sulphide is brought in contact with a dil. soln. 
of potassium sulphide, a certain quantity of the formbr is simjdy dissolved, but no 
other ( hange takes place even if the substances are left m contact for s»‘vcral months. 
If, however, the alkaline soln. is moderately cone., the excess of iiuTcuric sulphide 
is converted into brilliant black needles of the coinjK>sitit»n K;>S.r)HgS fillgO, the 
change being more rajnd the Ingher tln‘ temp. Tlie crystals are larger and mon* 
brilliant the more slowly they are formeil They an* dccoiiqmsed by water, whh'h 
gradually removes tin* alkaline suljdiide and leaves a n'Sidue of mercuric sulphide, 
the decomposition taking jilacc mucli more rapidly on heating. If the soln. of 
potassium suljibidt* very highly cone, while iieedh*s of the heptahydrate an* 
formed. Red iieedleti of K^S.rdlgS .‘)Uj>0, re.sembling the black needles in every 
respect oxcejit colour, arc formed when a soln <»f the alkaimc sulphide eolitaining 
an excess of mercuric sulphide is gradually licated Xo .T>' Id . especially if a small 
quantity of vermilion is added. In such a soln . heut^ d at doMO", but still clear, 
the formation of red or black needles is determined by adding a small quantity of 
vermilion or of tin* black crystals respectively. The colour of the crystals varies 
from bright red to deep cinn^bar-red, according to the cone, of tin* soln. and the tent]*. 
When a mass of the black ncc*ilcs is allowed to stand in the alkaline sulphide, soln. 
in a closed vessel for some time, those crystals which arc in tontact, with the sides 
of the vessel are gradually converted into the re<l vari<‘ty, Tln*se are stable m the 
alkaline liquid in the cold, Imt if heated they are eoiivertetl int4f tin* block variety, 
the change being more rajiid the more ceme tin* soln. ITtln* alkaline sulphide soln. 
at the ordinary temp. » ontams but a small quantity of tin* coiiqxuiml HgH, Kj{8, 
it yields on boiling a bbuk deposit, wliicli contains not onlv black crystalH of 
K^S.dflgS '>II;*0, but also men uric sulphide in bl^ck hexagonal plates. If such ft 
soln. is gradually heated in a water-bath and mixed with a trace of vermilion, ft 
red deposit IS obtained Consisting of needles of the loinposition KoH.riHgS.DlljjO, 
and red transparent rhomboidal lamellaj of mercurie suljdiide. With a certain 
degree of com*, of the soln., the latter is pra< tically the sole ]»rodnct. It is evident, 
therefore, that tin* sinqile sulphide, lIgS, ami the double sulphide, TdlgS, can 
be obtained simultaneously as eitln*r reiFor blaek crystals, but when one is red the 
other is red, and when one is black the other is black. 

According to U. Antony and A. Luerhesi, when an aq. soln. of jiotasHium or 
sodium gold sulphide, .‘JMuS.Au^S, is treats**! with men uric chlo^id^, a red flocctlent 
precipitate— possibly gold mercUTOUS sulphide, dHg^H AuoH is formed. It is not 
attacked by acids, but is dccomjiosed by a«jua regm According to C. F. Rammels- 
berg, an aq. soln. of barium sulphide dissolves black mercuric sulphide ; and, 
accofding to K. W^agner, cinnabar does not dissolve in that menstruum in the cold, 
but it does so readily at U) of)'". J. Knox - i’l^c ^upro- “ineaspred the solubility 
at 25*^. The soln. on evaporation furnisli<*s crystals of poutahydrEtod htliCfItt 
mercuric sulphide, BaS.HgS.rdljjO. The l ompound is de<oTiqK)Hc*d by ftcetip ft<*id 
with the separation of mercuric suljjhide ; and when the? soln. is tri*ated with an 
acid, or sat. with hydrogen sulphide, black mercuric sulphide is pmipitated. 
According to J. Petersen, and H. J. Burkart, a dnc mercuric sulphide* EnS.OHgS, 
occurs as the mineral ffuadalcazanle, but the latter is best regarded as a mixture of 
inetacinnabaritc and a little zinc sulphide. 

• • • 
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§ 28. Horcuric Chlorosulphido^ Bromosulphido, lodoiulphido 

« 


H. JVosc V showed that when hydroj»en Holphid** is int 4 » h hoIii. of in(*reiirio 

chloride, the nn'cipitiiG*, at fiPHi whit/*, chanjicM G) yellow, then brown, and finally 
black. The white precipitate in regarded an mercuiic chlorodiitUphido, 2H|t8,H«(Jlj,, 
or mercuric dim! phochlvnde ; and tin* ri'ai tion in hviijlKilized : 


i 2.S< 


ff 

Ii 


tH<1 j H«< 


S-H|f(’l 
S* HkCI 


A. Naumann regards mercuric chhyodiHulphide }u> the niereurie Halt HgfKHgCl)^ of 
hiidrochlormlphnmercunc acid, HSIfgGI; J.S V. Pageimt/'cher not/'d a Himilar reatnion 
with alkaline Kulphides. The eontinue*! a(»ti<in of hydrogen Huljdinb* renulta in the 
production of black mercuric .suljiliide, IIg..i.Sv(3ji | Ib^S 2H("l | 3HgS. InHtead of 
using an aq. soln. of mercuric chloride, F. Hezold ulitained a similar result by passing 
hydrogen sulphide into a soln. of nn*reurie chloride in methyl acetatA ; M. llameftj, 
A. Naumann, and E. Alexainb'r used a soln, m ethyl acetaU; ; E Vogt, a soln. in 
acetone ; and A. Naumann, soln. m ether, benz<*ne, lM‘nzonitrile, or methylal ; 
A. (Jolson also used a beiizern* soln. Aeeonling to T. I*oh*< k and timTcki, if 
chlorine is ]>a8s<*d into waG*r with freshly precipitated mercuric siiljihidt* in sus- 
pension* the latter assumes a bright yellow colour, ami finally dissolves. The yellow 
product has the composition Hg(Il 2 . 2 HgiS. lienee inereurie chloroiiisulphidc* 
represents an intermediate stage in the cim version of mercuric chloride to sulphide, 
and conversely, T. Poleck and (' Goercki further found that if a mol of mercuric 
sulphide is digested with a soln. of a mol of mercuric chloride, half the latter remaiiui 
in soln. ; if, however, 2, 3, 4, or 5 mols of the sulphide are employed, no (Hiloride 
remains in soln., and bright yellow products are lormeil with HgS : HgClj in the 
molar proportions 2 : 1, .7: 1,’4 : 1, and 5 : 1 respectively. It is not clear if these 
products are chemical individuals, rnon* probacy they an* solid soln.^of merour^ 
sulphide with the disulphfkhloride. P. Joiibois and P. Bouvier could find tio 
pit^ucts other than mercuric sulphide, HgS, and the chlorodisulphide, 2Hg8.Hj|(Clt, 
as a result of the action of hydrogen sulphide on a dil. soln. of mercuric 4 ^ bioride. 
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T. Poleck and C. OcM*rcki mippoaed them to be chemical individusla because they are 
insoluble in hot and cold water ; indeed, they are not changed when heated with water 
in a sealed tub*? at 2(jj()". They are not altered by boiling with a sob. of sodium chloride, 
but in a neahid tube at 19()\ they are itaolved into their constituents. When heated to 
170*’ with a sob. of potusMium iodide,* the products are decomi^sed, 2HgS.HgCl, + 4KI 
«»2Hg8 h2KCl + K^fgl 4 . In all cases the red form of mercuric sulphide is obtained; 
freshly precipitated mercuric Hul[>bide docs i^ot become red when treated m the same way ; 
nor is the [iroduct o)>tuin(*d by precipitating mercuric chloride with sotlium thiosutphaU'. 

Mcn'uric chlorodisulpliitV* hds been prodiued in numerous other reactions. 
R, HeJmeider obtained it by melting in a sealed tube a mixture of 8-10 parts 
of mercuric chloride witli one part of cinnabar or black mercuric sulphide. The 
powdered mass is washed with water to remove the excess of mercuric chloride. 
R. Palm made it l>y the action of a hot soin. of mercuric chloride in excess on sub- 
limed cinnabar, and hy adilirig hydrochloric acid or a soluble chloride to a soln. of 
mi'rcuric sulphide in om* of mercuric acetab'. F. Haschig produced it by the action 
of a soln. of (tupric chloride, and .J. B. (?ammcrer hy the action of a neutral soln. of 
ferric chloride on mercuric sulphide; T Poleck and (!. (Joercki found that when 
soln. of sodium thiocarhonate and mercuric chloride arc mixed, HgClo j 

IfgS [ DNad f FOjj 1 2ll.^S ; hut if a larg<' cxciiss of dry mercuric chloride 
is treated with a soln. of sodium thiocarhonate, mercuric chlorodisulphide is jiro- 
duced. The same compound is formed when a soln. of 2 mols of mercuric chloride 
is mixed with a soln. of one mol of sodium thio.«ulphate, N. Tarugi obtained 
mercuric chlorodisulphide hy treating a cold neutral soln. of mercuric chloride with 
thioaci'tic acid, ami also hy the action of dii. hydrochloric acid on mercuric thio- 
aci'tute ; and K. I’rei.s, hy heating sodium sulphoan^maiti' with an «*xecsB of mercuric 
chloride. 

Mi'rciiric chlormlisiilphide i.s a white friable mas.s, and when higher jiroportions 
of mercuric sul|>hidc arc present, the colour is yellow. M. Hamers, and F. Bczold 
found that the colour <kirlv'cns on exposure to light. H. Rose noted that when 
slowly heated in a glass tube, mercuric chlorodisiiljihuh' i.s decomj)os(Ml into its 
const itmuits, both of which siihliim', the chloride collecting above "th<‘ sulphidi*. 
M. Hamers, F. B(‘Zold, and K. Alexamler noted that the comjiound can he suhlimcd 
with hut ])artial ilecomjiositioTi if rapidly lu'atcd. Tlu're are sonu' extraordinarily 
contlicting statements about the properties of this com))oun(l, T l^ih'ck and 
(J. (toerek'i I'ldf .vupm- found water had no action, whiTcas F. Ih'zold and 
M. HaiiK'rs said that boiling water re,sulve.s the comjilex salt into its components. 
Again, 11. Hose said that it, is not dissolved or decomposed by cold or hot, dil. or cone. 
sul])huric hydrochloric, or nitric acid ; that it is dccomj)os(‘<l hy boiling nitric acid, 
and that most of t he sulpiiur is oxidized to sulphuric acid ; M. Hamers, that with 
boiling dil. suijihuric, hydrochloric, or nitric acid the salt is (ha omposed and mercuric 
clJoride ]>aHse.Miinto .‘^oln. ; E. Alexander .said that although the salt is insoluble in 
watiT and in sulphuric acid, it is partly .soluble in hydrochloric and nitric acids, and 
easily soluble in a<pia regia ; N. Tarugi said that it is soluble only in aqua regia ; 
and E. Vogt that it is msoluble in cone, acids and in acjua regia. 

H. Hose showed that wlieii mercuric rhlorodisulphidi' i.s suspendisl in water, 
and trcuti'd with hydrogen sulphide, it is eonverti'd into lilack mercuric sulphide ; 
it is also bhickelicd by soln. of alkali hydroxides, or carbonates, forming, according 
to M. Hamers, mercuric oxide and sulphide, and H. Palm said that a soln. of 
potassium eyanido extracts the oxide and leaves the sulphide. The carbonates act 
much more slowly than the hydroxides at ordinary temp. E. Vogt found that when 
heated *vith calcium oxide, all the mercury is ex|)elled. H. Rose showed that when 
heated in a current of ehlorine gas, sulphur and mercuric chlorides are formed : 
2HgS.HgCl2T-3Ci2 iHIgCL. For the action of a^Soln. of sodium chloride, 

and of potassium iodide, tnde supra. 

In addition to T. Poleck and I’. Uoercki's 31lgS.HgCl„*4IfgS.UgCl|. SHgS.HgClf, a 
number of other suljAiochlorides or chlorosulphides has lieen reported, but their individu- 
ality has not Uh’u established. For example, R. E. Hughes obtained a greenish -yellow 
precipitate by -the action of hydrogen sulphide on a soln. of mercuric chloride in al^lute 
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‘ * composition nppftixiiiuiting to HgS JfjjCl ,. C. Barfood roportod a yoJIow 

product, 12HgS.6HgCl j, to l»c formotl by the action of diL hyclrochiorio acid on the compound 
of merourio nitrato with mercuric sulphide. He amumes this to be a mixture erf 
with SH^fS.HgCl,. F. Bodroux rej)ortc<i to be fonned by the action of calcium 

polysulpliide on an oxoeaa of cold soln. of mercuric dhlorido. K. Capitaine »aid that a cotn- 
TOund, Hg,SCl|, is formed wdicn.an intiinato ipixture of mercuric chloride and sulphur is 
heated ; and by the action of sulphur chIorid«k St’l,, on mercurous ohlorirle J. K. Gilpin 
aaid thaUthe same compound is produced by heatmjj a mixtun' of mercuric chloride and 
arsenic pentaaulphule in a retort — arm'nic trichloride Ihst sublimes. 

Accordinj' to G. Franceiichi. the addition of a few dro]>» of an alcoholic aolu. of 
hydrogen sulphide to an alcoholic sola of nuTcunc bromidi* )»mduc<‘» a alight inilki- 
ness: Hj;S-|-llHgBr 2 -- 2 lIgBr f S-|-2HHr ; wlieu more of the hydrogen sulphide 
soln. is added, the canarv-yollow bromodisulphitle w furniod. ll^S f GHgBr { 28 
=2(2Hg8 HgBr2)4-2HBr ; and if an execKH of the hydn>g»’n Hiilphide soln. is addi‘d, 
black nicn’unc sulphide is formed ; H.>S f 2HgS HgBr^ .‘iHgS f^HBr. H Hose, 
R. Palm, A Naiinianp. M Hamers, and K. Bexohi ohtamed similar n^sults by using 
a soln. of mercuric hromid<* in pla<e of the chloride. Tin* product is merottlio 

bromodisulphide, L’Hga.HgBr^, or Hg(H HgBr)^. 

H. Rose digest'd mensiru* iodide w'ith an msudicicnt ejuantity of polassium 
sulphide, and obtained a vellow powder taken to be mercoric iodosulphide, 
C. F. Rammelsbcrg obtained a similar product by dissolving nn‘rcuri<' 
oxide in a hydrochloric acid soln of mercuric iodiue containing a little liydrog<*n 
sulphide ; and A. Kekule, by diluting a soln. of mercuric hyilroiodidc, sat. with 
hydrogen sulphide. R. Palm obtained a llcrv orangc-ioloured iodosulphide by the 
action of a soln. of inercuruf ioikide on cinnabar. This product was not analysed. 

F. Bczold obtained mercuric iododisulphide, 2HuS HgU. by }»assing dry hydrogen 
.sulphide into a holn. of mcri unc iodide m mcth}l acetab* ; and M Hamers used 
ethyl acetate. R. Palm prepared the same compound by adding hydnodic arid 
or an alkali iodide to a soln. of mcn uric sulphhle m #nc of mcrcunc acetate, 

G. Francesi In obtained rt'.sults with nH*n uric iodide analogous t«> tliosc obtained with 
oiercuric broinide, Jf. Kohler obtained a yellow product which was thought to lx* 
mercuric chloroiodosulphide, Hg-uSdl. hy tin* action of hvdrugen Kiil])hide on a dil, 
hydroidilonc acid soln. of mercuric « hloroiodide, IlgCil. 0. Forster mixed a soln, of 
allyl tliicK ynnatc m ammoiiiaial ahadiol, cir an ammoiiiacal soln. of allyl thio> 
carbamide with a soln of men-uric and p<itassiuin iodides, and obtained a lemon* 
yellow jiredjMtatc, mercuric amminoiododisulphide, 2HgH Hgl^ NH;,. whidi 

becomes (trange-ycllow when dried m darkness The pro<lint is blackened by 
e.xposure to light, or by treatment with poteissiuiii cyanide. 

P. C. liay “ prepared ifn rcury nirrcaptulr intnlr^ 

JIN Hk.NO, 

il.N Hg 

as a w'lnte precipitate bv adding a dil. aq soln. of thiocarbanndc to a <x»mc. soln. of 
fk)diiim mercuric nitrite Wlien this compound is repeab'dly boiled with ethyl 
iodide, ^nd extra< t<*<l eacji time with a<cU»ne, itfurnishcH a yellow granular powder, 
mercuno diiododisulphide* Ilg^I-M^^* ^^hich slowly darkens m dttiusrd. daylight 
and more rapidly iii sunlight. The rear.tion is p/wrfofropio, for the original yellow* 
colour is restored in darknc'ss. P. C. Ibiy and P. K, H<*n pn-pan-d t he cx)rrc8|»on<ling 
mercuric dichlorodisulphide, Hg 2 C'l 2 B 2 , but found that this immediat(‘ly forms 
mercuric hexachlorodioxybexasulphide, (28HgCl.HgO)2- Three mois of mercuric 
dichlorodisulphidc first unit** with two mols of mercuric chloride, and ih<* prodin^t 
reacts with watf*r : ^ 

ClHg HgCI d.Hg Hg<1 HK<’lHg<1 (’IHg HgtJl HgdHgCI 

Cn.Hg.S..V-^-^S.S.Hg(1-^;iHg.S..S ,S - - 's^-8.^J.Hg<;i->CIHg.8^S-'8 - ^ kHilgCI 
ciHg Hgf’i cmg n h Hg<i <l'g-() o-iig 

3(Hg,a,S,) 3(Hg.CVS,).2Hgf1, (SKHSaHgO), 
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^ irestiog mgrcnrlc dichloniofolplude, Hg(C104)2iIgS, prcpar^ by the action 
of hydrogen Bulphide on a soln. of mercuric chlorate, with chlorides, nitrates, or 
suIpLites, G. McF. Smith obtaine 4 mercuric dichloTodisulphide, HgCl 2 , 2 Hg 6 ; 
and mercuric diniiratodisulphide, Hg(NQs)2.2HgS, 
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§ 29. Mercurous Sulpiiate 

A sulphate of mcr<‘ury appears to have been made in the fourteenth century by 
J. do KoquiitaillAde,^ for cum amntu vitrioli Romani Jit magnum admiviculum, (id 
coiujcUmlum Memirinn^ in sulmtuntid, d J'mit ip.<tum album sictU nit'cm. The 
Paracelsian School Basil Valentine, etc. —applied the term turpdhum minmde., 
mineral turpeth, mineral lurhitc, turpeth, orturhUe to a basic sulphate, hut H. Mynsicht 
used it for other producte, and A. Libavius stated : 

Turpeth, ft word of Asitttio (hIiouIH ho Poraian) origin niul tlio name given to a preparation 
from the bark or root of a certain forulaccous plant {i.e. of the roefi tril>o), has slipixxi into 
the nomenclature of chemistry, in all probability be<muso of the similarity of its effwts with 
those of a I’crtam st'crct pn'uaration of mercury. In order to prevent confusion of this 
latter with the vegetable medicine, the word “ mineral has l)oon added. 

A. F. de Fourcroy and L. J. Thenafd ® s]>oke of three sulphates of nu*rcury, le 
sulfate iwutre (mercurous suljdiate), k sulfate avec eoreds d'acuk (mercuric sulphate), 
and k sulfate aecc ('xch d'oxyck (basic mercuric suljihate). In the dismantling of a 
mVreury furnace at Idria a crust, filled with geodes of small ])ellurid crystals of 
mercurous sulphate* Hg«.S()4. was found in the brirkwork by (i. 8 i*\ friedsberger. 
Dil. sulphuric acid has scarcely any aetion on mercury in the cold, hut the boiling 
cone, acid forms sulphur dioxide and mercurous sulphate, Hg.2S()4, if the mercury 
is in excess, and tnereuric sulphate, HgS04, if the aeid is in exress—t'trfc C. Basker- 
villo and .W. II.. Miller for the action of sulphuric acid on mercury. If two parts of 
• mercury he heated with one to two parts of sulfihuric aeid until over half is converted 
into a solid salt, and the mercury and suljihuric acid poured off, mercurous sulphate 
remains ; this is washed with a little cold water. If the mixture has been evaporated 
to dryness, the product is a mixture of mercurous and memiric sulphates ; if two 
parts ol mereury have bt'en u.sed to one of u(;id, some free mercury remains ; the 
merenrous salt is gradually converted to the mercuric s^lt by the hot acid. It is 
troublek?me to prt'pare mereurous sulphate frt'e from mercuric sulphate by this 
process, ant^ K. Divers and T. Sliiiiridzu prejmn'd it in the cold by leaving together 
mercury and f ti’ miiig^ulphuric acid rich in trioxide in a covered and cool vessel. When 
the metal has a,ll disappeared, the urn ivered vessel is left in a warm place to expel 
the last portiomH of the sulphur trioxide. It is desirable so to apportion the acid as 
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to hftYe as little of the triozKle leff unconaumed aa ]K>f«ible, so that where the merourj 
taken haa proved much too email, more had bt'tter be adde<i, etill avoiding exfKMM. 
The product needs only to be transferred to water and washed Ho be rt*ady for use. 

F. E. Smith prepared m«*rcuroujft sulphate by a similar process. H. S, Carhart 
and G. A. Hulett electrolyzed dil. sulphuric acid (4 : 6) over a layer of inerciuy 
which serves as ano<ie, while a platinum wiK* served as cathode ; the curn'ut density 
was 01 amp. per sq. cm. A similar process was used by G. A. Hulett, H. yon 
8teinwebr, F. A. Wolff, A. Bro<*het and J. Petit, ami G.'Maueuvrier and J. Ohappius, 

L. A. Planche pr<‘pand mercurous sulphatt‘ by triturating a luixtun" of 18 parts 
of mercuric sulphate, 6 of whUt, ami 1 1 of mercury. H. J. Kane pn*j>and mercurous 
sulphate by treating a soln. of mercurous nitrate with sulphuric acid or sodium 
sulphate, and wasliLng the pivcipitate with water. G. A. Hulett dropped au aciditied 
soln. of mercurous nitrate with constant stirring into l-d per cent, sulphuric acid ; 

F. E. Smith, A. de Schulteu, R. Varet, and H. von Stein welir used similar prooesac‘8. 
H. Rose triturated ci^-Btallized mercurous nitrate with sodium sulphate ami dissolved 
out the sodium nitrate^with wate^r. G. Denig^s obtained mert'urous sulphatti by the 
action of formaldehyde on men-uric sulphate. The nduction proi t‘eds slowly in the 
cold, rapidly when heated! 

C. J. J. Fox rec^iinmended purifying commercial mercurous sulphate by heating 
it with dil. sulphuric acid and port' mercury for some days in a wahd tube or closea 
flask at 120''- 150'". The mixtures shouhl 1 h* fr<*quently shaken. The liquid is 
decanted off, ami tlie sold trituraO-d in a mortar with dil. sulphuric acid two or three 
times, and then many timej with a sat. soln. of cailmium suljdiate. The product 
is th«*n washed with water in a liiction funnel. H. S. (’arhart has also desrrilMd the 
pulitication of mercurous sulphate for use in Weston's or Clark's stamlanl or normal 
cells. 

Mercurous sulphate apjiears as a whib* crystalline powder, Vlnch consists of 
minute momx’linic prisms. G. SeyfriedslxTger® thuugtit that the onrttAli he 
found in tho Idrian furnaie wen' rhombic, but A. de ikhultt'ii showed that they 
are monoclinic, with axial ratios a:h:c d) !KX>2 : 1 : I’lOBt), and P 91' 45. 

G. 8eyfriedsberg< r‘s specimen had a specie KCftvity H’.TO at 21719''; and 

A. de SchulO'ii’s sample 7121 at 15' ; while L Playfair ami J. P Joule gave 7'r>(i0 at 
J’9'. According to J Traube, the sp. gr. of a0070 percent, soln. isO‘9998r) at 15'", 
and the molecular solution volume is 12 0. In studying th(* action ol haati 
J. L. Gay Lus.sac found that the suit fuses to a deep reddiHh-hrown liquid at a dull 
red heat and immediately decompows into sulphurous ae id, oxygen, and nien'ury, 
together with a little Huljihurie lu id. G! A. Htiuleler fouml that the fused mass 
freezes to a white crystalline solid, E. (.^>hen and co-workers fouml the ipeoiflo 
hmtt to be 0 0()40 at 1 S 5 ^-22-5", and tlie molecular heat H.'l. H Hchottky found 
the mol. ht., C, to be :k) 91 ; and the values at low temp., deb-rmiiicd by P. Pollit£(*r, 
were 16-74 tft -190' ; 1715 at -188' ; 261 at -74" ; and 25-9 at -7U". Accord- 
ing to R. Varet, the heat of formation is 2Hguq llggSO^-f 175 
Cals. ; and Hg804^,„d + Hgii,,. = -f 9 9 Cals. A. de Bchult(*n found 

mercurous sulphate has a positive double refraction. J. A. Wilkinson staU^d that 
mercurous sulphate has a yellow flooreicence under the influ<*m-^' of the catho^ 
rays, and there is also a yellow light einitU'd when the salt is formed by electrolysis, 

G. A. Stadeler showed that mercurous sulphate liecomi-s grey urider the action of 
light, probably with the simultaneous formation of mercuric sulpliate, ai^ 

H. S. Carhart found the darkened sulphate gives too high an e.m.f. when used in 
Weston’s standard cell, although 8. Skinner said the change is so small os to have 
a negligible effect on Clark's standard cell. According to 8. Skinner, mercurous 
sulphate is also darkem*d by exposure to nltnteVlolet nyi, sunlight, and the light 
from the electric arc, as wqjl as to ndinm ndittions ; tin* darkening ig mdqpeudeut 
of the presence of air ; he does not think that the darkening isilue to the prtxluctkm 
of mercury and a mercuric salt, but he believes that a dark suli-salt or a jiolymeric 
form may be produced. F. £. Smith said that the d^Kdililillf dilMt ol msnmrous 
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lulpliAte is mdepDiideut of its mode of preparation, and H. von Steinwebr added 
that the oblwrved irregularities arc dependent on differences in the grain-size of the 
salt. G. A. Hulctt;and P. J. H. vaniGinneki^n have studied the depolarizing action 
of mercurous sulphate — pide standafd cells. 

The action of water on mercurons* sulphate ; basic mercurous sulphates.— 
The solubility of mercurous sulphate iVi water is small. C. R. A. Wright and 
C. Thompson ^ found ()‘47 grm. is dissolved per litre at 18° ; N. T. M. Wilsmore, 
0‘39 grm. per litre ; and M. Barre found with Hgi;S04 as the solid phase 100 grms. of 
a sat. sola, c^jntained : 

10 5 “ 33 “ 50 “ 75 * 100 * 

Hg3804 . 0 055 0 060 0 065 0 074 0 092 gnn. 

H,804 . . 0008 0018 0037 0063 0071 „ 

J. L. Proust, and M. Donovan supposed the dirty yellow mass obtained by the long- 
continued action of boiling water on menmrous Hul])hate is a basic miircurous sul- 
])hat(!, but H. Rose regarded it as a mi.Ktun* of mercury and a bahic mercuric sulphate. 
According to R. J. Kane, no basic salt is obtained by treating mercurous sulphate 
either with cold or with boiling waU*r. Aei'ording txi A. (lony, ifiercurous sulphate 
is deeomjmsed by water with formation of ayellow basic Hiif[»hate,m0rcurous hydJfOXy- 
SUlphai6» llg.>0.IIgoB04.ff20, which resembles basic mercuric sulphate, but has a 
marked greenish tinge. Kipiilibnum is established when the water contains 
()'4I() grm. of mercury and 01G4 grm. of suljihuric acid ])cr litre. Water which 
contains () ()8 grm. of sulphuric, acid ])er litre does not convt‘rt the normal into the 
basic salt, and a higher proportion of a<*id converts t}«‘ basic salt into the normal. 
When tri'ated with dil. sulphuric acid, the yellow oasic salt becomes white, and is 
thus readily distinguished from basic, mercuric sul]»hate. M. Barre confirms the 
formation of tlu^ basic sulphate indieutA*d by A. Gouy, but he believes that the action 
is more comp le.x, because some metallic mercury is formed, whii li, at 50', iinjiarts 
a ycllowisli-grcen colorafion. A. J. found that the hydrolysis furnishes the 
oxysulphate, ^HgaO.SOaJI.A), or 2llg(OH) Hg.2804, or Hg.^O.HgeSOj H.^O. Accord- 
ing to (}. A. Huli'tt, the formation of the hy<lro.\ysuI])hate introduces an uncertain 
factor ill the standard ci'll. The ^iresence of the o.vvsuljihate in aq. soln. is evideiici'd 
by the presence of free sulphur arid cn/c M. Barre’s data above. A. Gouy said that 
() ()t.)4 grm. of (he basie sulphate dissolve's m a litre' of water at --20', and if ~„iY*8ul- 
jihurie' ae'id is pre'sent, hydrolssis elot's not oe-cur. and the' basic sulphate is e onverted 
into the normal sulphate'. L. \V. Pissarje'wsky fftuiiel that the* hydrolysis is smaller 
in alcohol or glycoiol solii. than in aep soln. R. J. Kano claiiiu'd to have' made 
dihydrated mercurous sulphate, lIgoS()4 2H.2() ; but he probably analyzed an 
imperfectly dried sample. 

Many of th^' so-called basic salts re'corde'd in the literature are mixtures of two 
or more phases, and the systems analyzed were not always in c<iuilibrium ; and 
even if the systems were in equilibrium, it was not possible' to distinguish between 
chemical eompouiids and mixtures of two solid phases bei'anse* of the absence of any 
distinguishing test. The ]>hase rule' has furnished a light to guide the footsti'ps 
of the mvostigator along this uitrie'ate ])ath. Theory has taught the right j)ractiee. 
As a result, many olde-r descriptions of alleged compounds are unsatisfactory. In 
the special case when' basie salts are precipitak'd from soln. by the hydrolytic action 
of water — antimony trichloride, bismuth nitrate, mercury salts, etc. — the 
system will have three components, (’, and three [ihasi's, R, and since for bivariant 
systoma^ P=C, it follows from the phase rule { 1 . 8, 5) : (1) If the compositions of 
the soln. in dilferent experiments an* the same \\hile the compositions of the pre- 
cipitates vary, the soln. will form one phase, and the pro«ipitate will be a mixture 
of two phases. (2) If the compositions of the soln. in different experiments are 
different,, while the precipitates haw the same coiuposit'ou, the jireeipitate will be 
a chemical individiuJ. (3) If the eoiiiirositions of the soln. and of the precijiitates 
vary, the precipitate will be a single phase of variable composition, i.e, a solid soln. 
or mixed crystal! 
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•mtw writ, aoln.%f known rompowtton «ro muc«d in flariui «nd ftgiUtM 

US. *“ •'*'1'^ ***‘^ uniform UMnp, md 

IS! !! ■ i to BettUv I'ortion* of tho liquid are withdrawn for amUyaiii. and 

aAv anajj'ml aflor it haa beon aejiaratod ia fnwi aa j^Kiaaibla from the mothttr liquid, 

Jit iwroufl tilaa, by whirling in a contrifugo, etc. Waahing the ai4jd 

may alter Uio compoaituui of the i>rocipitate.^ 

It is vitally important to have definite evidence that the aysti'in ia n*ally in a 
?.j . ^^I/quilibriuni when this liquid and solid are analymi. The test for equi- 
librium is that the composition of the preeijiitate and soln. is indejiendent of the 
order m which they are mixed provided that the components are }>res<*nt in eq. 
amounts, and tlie temp, are tiie same. The condition of eijuilibrium will lx* the 
same when approached from both ends; for exanqde. with lusmuth nitrate and 
waU'r, the composition of the oxinitrati* will l>e the same wlu'ther liismuth nitrate 
be mixed W'ith water, or bismuth oxide w itii dil iiitrie ac id In tlie case of inen'urous 
sulphate and watepj A J. (ox rc‘pn*.s«‘iited 
the relation betwec'ii the com|K>sitioii td acj. 
soln. by the absiii.ssie'and tliat of the pre- 
cipitati'S hy the ordinafrs. A ehaii^e in 
Imth those variables occurs when tin* com 
position of soln. or jiriH ipitatc chan^o s ; and 
to interpret the' reaults, it is necc'ssary to 
know only if the composition of the soln. 
and preeijntate cliani^'es from exjMTinicMit to 
e.xperiment. In rcpreheiitin^' •the composi' 
tidn of soln. and precipitate by a curve, 
horizontal lines show that compositions of 
the solii. arc* variable! and of the precipitates 
constant, and thc-rcforc tlw lattiT arc* 
chc'imcal individuals , vi'rtic al liiic's sliow 
that the compo.sitions of the s«tln an* con- 
stant and of the pnTqntatc's variable*, so 
that the* latter arc mixtures of two or more- 
variables, and slopinii lin<*s rc-prc’sent ih'* 
compositions of solid .soln. In Fiji. .‘Jti, the 
ordmatc'H repre sent the* number pf iiiols of 
Hg2)''^Oj |'♦■r litre* of soln , anel tie* 
abscis.sie, the* men*a,se'd basie ity x of tis* solid phase, u'e. I4 * The 

diuji^ram shows that no basic salt other than H{;0 HfioSOi lf.2(J is formi*d by the 
hydrolysi.s of m<*re'urous suljdiat^* b(‘twee*ri I “» anel 'J.'t ’. 

The chemical reactions ol mercurous sulphate. Ac eordinje m (J. A. fiuk tt, 

mereureju.s Bul[)hate in the pre*seme of more ur\ is not oMdi/.e*el by expeisure* l^i air ; 
and H. 8 . (.’arhart stated that it can be pr**h»'rve-d uiide*r eliJ suipbnne Jieid (1 : ( 1 ) in 
darkue*.ss. According to S. Hada, moist me re uroiis hiilpliute- be*eome‘s elark brown 
wlu“n/'xposed to a stroni.' lijtlit, anef that which has la*eoj)ie* yellow by treatment 
with water bceome*s ^ere*e*nisli and then elaik hrowri. The* effevt is sujtc'rfieiul, and 
may be due! to dissociation of tlie* nie*re urous salt into me*r< urie salt ami water. When 
heated to in oxvqrcn, with water and a Iitth* sulphurie ae lel. m a K<*aled tube, 
about r.") per cent, was oxidize*d. A. Mailfert found that the* sail was oxidized by 
ozone to miTcuric sulpliab* and oxysulpliate. Me*r< urous siiljihab* is abundantly 
soluble in hot sulphuric add, and part se-parub-H out as crystals whe*n the sain, cools, 
and part is prc< ipitated^when water is adde*d to the cold sedn. K. Drueker showed 
that the solubility of mercurous sulphate mcn'asc's to a maximum w ith increasing 
acidity of the soln., thy.% with a soln. e-^n^aming J !M} grins. ir^(J4 ]>er litre, 
(>•41 grrii. of salt was dissolved per litre ; with 4 90 grms. pe*r litre, (^’44 grm. 

of salt was dissolved ; and with 8 04 grms..per litre, 0 40 gnif of salt was dissolved. 
P. Braham claimed to have made rhombic prisma of mATCUrOMf J] 4 rdroflllphit 6 » 
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l^gHSQi^ by allowing gulj)huric acid with a trace tl nitric acid to stand in the cold 
in contact with mercury for two years. This acid sulphate was found by J. Kendall 
and A. W. Davidson to be the solid phase in sulphuric acid soln. of this salt, and 
they found the f.p, of different mixtures to be ; 

Per eent. HgjSOi 0 68‘ 0 82 ‘ 102 f lS 1*41 177 217 

^•P* • . . 20 0'^ 270“ ’ 349“ 401“ 47T 50‘8\ 63*3" 

Soln. containing over 17 molar per cent. HgS04 rapidly became cloudy on heating 
owing to the oxidation of mercurous suljjhate to the less soluble mercuric salt. 
The acid sulphatt; forms a white powder when <*xpo8ed to the air ; at 100° it gives 
off 6 per cent, of water in 5 mins. ; sodium carbonate and potassium hydroxide 
give black precipitati‘8 ; and it is attacked by carbon disulphide, ether, and amyl 
alcohol. iC. l)ruck<T found that a litre of a soln. of .‘M'ST grms. of po tmsrinm solphats 
dissolves 0'45 grm. of mercurous sulphate which is a little less than the 0*58 grm. 
obtained with water alone. M. Barre’s results for the solubility gf mercurous sulphate 
in aq. soln. of potassium sulphate are shown in Table XI, expressed as grams of salt 


Tabus XI.— Solubiuty or Mkrcukouh Sou'hatk in AguKo,us SbcuTioNs of Potassium 
Htn.euATK (Grajiw of 8ult j)or 100 grins, of sat. soln.). 


K,HO, 

16- 

llg,S 04 

1 HgSO, 

KjSO^ 

33“ 

Hk.so, 

n,so4 

KjSU, 1 

7.')“ 

HtftSO, 

H,804 

2 90 

00475 

0 0080 

2-94 

, 00677 

O'O&O 

310 

0*1344 

0*1084 

670 

0 0703 

00093 

6-68 

01016 

' 0 0350 

5 75 

0*2120 

0*2134 

8‘22 

00912 

00098 

8 '30 

0 1364 

’ 00441 

8-50 i 

0*2951 

0*2614 

877 

0*0994 


10 70 

0 1724 1 

0 0438 

13*20 

0*4010 

0*2603 

9 '44 

01080 

00110 

• 

a 00 

01902 

0 0420 

17*30 

0*0440 

0 2225 


per 1(X) grms. of sat. soln. M. Barre stated that there is here no evidence of the 
formation of a double salt. A,, Gouy found that a sat. soln. of zinc SUlph&to or of 
oadl^um sulphate decomposes mercurous sulphate much Ie.s8 r(‘adily than water, 
and it dissolves more of the unchanged salt and acconling to G. A. Hulett, a sat. 
soln. of cadmium sulphate dissolves about live times as much salt as does'water. 
0. Bredig and J. W. Brown noted tie* catalytic oxidation of organic substances in 
the presence of siilphurie acid and mercurous sulphaU'. II. VV. F. Wackeiiroder 
found nn'rcuroUH sulphate dissolves in dil. nitric acid, and is almost wholly re-pre- 
cipitated by the addition of dil. sulphuric acid. A. F. dc Foiircroy obtained a 
grey product by the action of aq. ammonia ; and. according to H. Saha and 
K.*N. Choudliuri, cone, ammonia forms lJHg0.(NlLHg).^S()4,2ll20. R. J. Kane 
believed that o.vymercuroammonium 8ulphat<', { NH.^fHgoOHg.dLSO. ' is formed* 
4Hg«S04-f8NH, f-21l2()-|NH.2(Hg.20Hg2)U but L. Pesci; 

and J. Lefort believed that the product is only a mixture. N. Tarugi also obtained 

ammonium mercurous diamminoxysulphate, 3Hg.>0.2(NH4)HgS04.2NH3, by the 
action of ammonia on ammonium mercurous diarnminopersulphaU*. The white 
powder is insoluble iu cold or hot, dil. or cone, nitric or sulphuric acid, but is soluble 
in hydrochloric acid. 
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• § 30. Harcuric Sulphate 

G. St’iyfriedrtlx'rger ^ obtained a white inasn of rhoinbie rryatalu of merouiio fUl» 
phatOt IigS04, briekwurk of a diHinantled luen ury furnaix* at Idria. J.G.Ix*on- 
hardi, and G. F. Ilildebrandt obw*rved that wlien one part of inen ury iw heated with 
parta of Mulphuric acid, and evaporat'd to dryiieHH, white mercuric Buipbate ia 
obtained. M. Geiseler Hhowed th^it if a Rinaller jiroportion of acid i« employed the 
product contains mercury or mercurou8 Bulpimte, li. Varet heated 5 parts of 
mercury with 3 jiarts of cone. 8ul]>huri(’*a<'i<i and a little nitric acid, A. J. Cox 
evaporated mercury n*pcatedly with cone. Hulphuric acid, and washed the resulting 
mercuric sulphate with 7iY-Rulj)huric acid on a Ruction funiu'l— -vide the action ol 
sulphuric acid on mercury. M. GeiR<*ler evaporat'd to dryness a iniiture of merotrio 
oxide withiabout half its weight of Hulphuric a<ud ; H. Eissfeldt obtained crystals 
of mercuric sulphatj by treating many m<‘rcuric coinfwunds with sulphuric acid—' 
e.fj. C. A. Cameron evaporated a «oln. of basic mercuric sulphate in sr'lenic a<iid, or 
b^ic piercuric selenate in sulphuric acid. K. Kahlc purified mercuric sulphate from 
basic sulphate by treatment with dil. Kiii|)huric acid. 

Mercuric sulphate app<jar8 as an opaque? mass, in whit? hygroscopic necdl^- 
like orystsls, or, according to C. Hoitwuna,* in whit? rhombic plates. L. Playfau' 
and J. P. Joule gave G'406 for the fpedfic grtvity at 311'' ; and G. Seyfriedsberger, 
5*995 at 21719''. According to C. F. Mohr, the ictton ol beat on mercuric sulphate 
is to change the colour from yellow, and then n*d ; and at a bright •ted-h«at, 
J. L. Qay Lussac found^that it deconipos<‘s into mercury, mercurous sul{)batei and 
sulphur dioxide. 

The heat of tomuUioll, according t? Berthelot, is HgO-f H^SOiaHsO 
-FHg804-f2*6 Cals., and, according to R. Varet, Hgii« -f f0*.tHg80, 
4-1661 Cals. R. \aret found 4*9 Cals, for the heat of soln.^ligSOi-fiHjgSOi^ 
Mercuric sulphate was found by R. Phillips ^ to be decomposed by watW into 
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the basic salt, turprtk miwml, 2Hk0.H((S04, and t »oln. of an acid salt. M. Geiseler 
obtained a 68 per cent, eonverbion to the banic kuI])1iuU'. K. Thummej showed that 
the basic salt appehrs to contain a jyeater pro[iortion of mercuric oxide, the more 
water employed in the decoinposititm of the sulphati*. A. Ditte showed that the 
production of turjietli niinenil weases wlieii the suliihunic acid simiiltanectusly formed : 
3Hg8044-2]f/>^2ilK0.HgtS044 has a certain conc.--at 12 °, 67 grms. SO3 

jier litre — if the acid is more or le^ss cone, than this, the normal sulphate is dissolved 
or decomposed, H. le ('hatt'lier showed that the soln. contains mercuric sulphate, 
not the basic suljihatA; ; and that the quantity of acid accessary to jirevent the de- 
composition of a salt increases at first with an increase in the jiroportion of water ; 
but it does not mcreasc indefinitely, and tends towards a limit. This limit may 
be due to a partial dissociation of the hydrates of the acid, or to the comparative 
insolubility of a particular salt, flit further showed that the quantity of free acid 
required to prevent the decomposition of a salt by water increases indefinitely with 
the pro{iortion of salt contained in soln. ; and that tlu^ decomposition of a dissolved 
salt increases or decreases with rise of tcnqi. according as the diM'omposition is 
endothermal as in the case of antimony trichloride, or exothermal, as in the case of 
mercuric suljdiati'. If j- nqiresents the <|uantity of frei* jfcid, and // that of mercuric 


sulphate, 
there is : 

Expressing the results 

in grams 

per 

loot.) gnus. 

of water 

SOj 

IllgHO, 

. 1.) 1 

39 3 

40 7 

720 

98 0 

. KIO 47 -7 

70 7 

89 2 

197 0 

307-0 


8-7 140 

:{2 0 , 

41 0 

480 

03-5 

4 0 0 0 

28t) 

400 

53 2 

08-0 

i/w.uiFn'o acid, SOj 
iHgso« . . 


380 


03 0 

rio-X) 


20 0 

— 

010 

206-0 


It. Varet also found the reaction to be endothermal ; and in water acidified with 
sulphuric acid, the mercftri«‘ suljdiate dissolves as an acid salt since with the pre- 
cipitation (’als. mon; heat are develo)>cd than is the cas«' with any mother oxysalt 
of liiercurv. J. (luinchunt, however, believeil that the soln contains the normal 
salt, because the heat of soln., of mercuric sulphat<’ is iiuhqamdent of the amount 
of the cone, of the acid, and hetause com*, suljdiuric acid jirccipitates only 
th(' normal salt from acid soln. The fact that M (leiscler found that a mol. of 
HgO requires the presence of I mols. of ILSO^, or, aceording to R. Phillips, r> mols. 
of ILSO4, has led to the assumption Miat the soln contains /nercuric hydrosuip/iale, 
say, lrg( 11804)0. Tlu^re is no evhhmci* of this. 11, Ei.ssfeldt always obtained the 
normal salt, from soln. in whieh the'mof. ratio was as high as HgO: II.2SO4- 1 : 5 . 
A. J. Cox estimated that the soln. must be at least 6 !)7A-]LS04 at 2o'’, in order 
that the ac id salt may be jiresent, J. Kcuidall and A. W. Davidson found the f.]). 
of f)’ 023 , 0 048 , 1 ind jier cent. soln. of nuTciirie sulphate in sulphuric acid to he 
respectively 36 °, 77 °, and 127 °, ami tlu* solid phase t^) be the normal sulphate. 

JI. Eissfeldt ])repare<l colourless prismatic crystals of what he regarded as mono- 
hydrated mercuric sulphate, Hg8()4 IDO, by leaving im reuric sulpliate under a 
layer of cold water until it begins to turn yellow ; but U. Hoiteema said that the 
basic sulphate 3JfgO.28O3.2lLO is formed under the.se conditions. C. Hoitaema, 
however, did pre])are the hydraU* by leaving a sulphuric arid soln. of mercuric 
sulphate, Fig. 37 , iu a desiccator over suljdiurie arid at room temp. 

C. Hoitsema, and J. M. vanRemmelenstudiedthe ternary system, HgO — SO3 — HgO, 
at2r)°andr)()°, and found that foursol id phases, HgSO^, HgSb4. HgO, HgO.IIgSO4.2H2O, 
and 2 HjA,J.Hij 804, may be present, after 3 hrs.' agitation. At 25 °, the first branch 
of the curve, Fig. 37 , has 3Hg0.803 as solid jihase a%thc mol. proportion of 
HgO increases from 0 33 to 2 0 per cent, and of 8O3 from P 24 to 4 ‘3 per cent. The 
curve then c^its another branch where the solid phas?‘^is 3HgO.28O3.2H2O, and 
the mol. ’^percentage qf HgO increases but slightly with increasing content of acid. 
This curve then cuts that of the solid phase Hg804.Hg0 with C ‘77 mols. per cent, 
of SO3 and 2 02 fnola. per cent, of HgO, and this phase persists until 81 mols. per 
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wnt. of SO3 and 0 6 mol. j>er Ant. of HgO are pre8t*nt, Fig. 37, when the phtan 
appears. At 50 ^ the phaat' llj«804.nj0 diaappearB. The rurvea alao 
mdieate that Boln. of turpeth mmeral. and of|mercuric aulphai'e as solid phas<% will 



]iro(Mpitate tlie .solid lij? NMirniiiij', l>ut this does not hold for eases in which the solid 
phase is 3II‘'(J.l!S03 w here a rise of temp may l anse a Iransition to either 

2H;fO.H^8()4 or to Ife.SOi , this is a transition fixmi Hj»S04 ll^O to HgH04. A 
line On eijuidi.stant from the two axch (on the same s<'aie) cUws not cut the 
lfgS04 curve; this means that llgS(>4 ih md sdluhle m waO'r without decom- 
jxiaition. 

Accurdine to A. Ditte^ mereuru- suljdiate is slightly soluhle in hydrofluoric 
acid, but on evaporation, ihe^oln furnishes mercuric suljihate there is no sign 
of'the formation of a lluoftuljdiate analogous to the clilorosuljiliate, llgK04, 211 ( 7 . 
(1 F, Mohr stated tliat mercuric sulpliate does not absorb hydrogen chloHdO ftt 
ordinary temji., but wle u heated, it takes up that gas witii avidity, much heat is 
developed, and some mereunc chloride is sublimed : UgS( 4 ^ | 2Ut'l^‘Hg('L-l*ll;iS()4. 
Tlie action w reversible so lliat some unchanged menunc suljdiate remains wlien 
tin* mercuric (blonde has been all sublnm'd. U . 1 . Kane said that tin* dry salt 
ab.sorbs hydrogen ( blonde, and giv(*H it uj> again when warmed, when expofU'd to 
tile air, or when wa,slie(l witli \vat<*r. (' K. Mohr, and J B llannay also found 
hydrochloric acid n ai ts with dry mercuric sul|diat4* \Mth a rise of temji. and the 
formation of im'rciiric (blonde and suljihune acid. A. B. l*r(‘H<ott found the 
reaction to be fjuantitativc. Ac< (^rdiiig t^. A. Mailhc, and A. . 1 . (ox, when a mixtuni 
of mercuric sulphate and iodine is lical^'d tin-re is a slight rcsw tion, and a yellowish- 
whib*, hard, crvstalliin) body is formed wim If is d(*coinpo8cd by wabT. K. Hie.gel, 
and A. Souville'liavc studied'tlie formation of mercuric sulphaioiodide, Hg804.Hgl2. 
According to K Bruckner, if a mixture of mercuric suljdjutc and iodine be mixed 
with water, it imiii'-diab-lv becomes red owing to th(* formation oP mercuric iodide 
- some iinO-cunc lodate is also formed- tin- water extracts soiin* mercuroUB and 
mercuric iodide and sulphate. M Chat^-au believes that K. Bruckner’s sulplmUi- 
iodide i.s really an c(juilihrium mixture of a basic mercury sulphate, lJg8()4.HgO, 
and ivdosuljihab', IlgS()4 Ugl^, and the imlute, HgflOalg. in the molar proportions 
6 : (J : I. When tin* lodim- is rephu ed by bromine, or chlorine, oxygen is evolved 
and mercuric bromide or chloride is formed Mercuric sulphab* is slightly soluble 
in hydriodic acid, and A DitU* observed no sign of the formation of a compound 
analogous with iIg804.2H('l ; when tie* a<| soln. is evaporated, crystals of mercuric 
iodide apjK*ar. When triturated with ]»otassium iodide, C, K. Mohr observed the 
formation of mercuric iodide and fsitassmm sulphate. • 

According to A. Vi<||i, wiicn inercurK' sulphate is inix(*d with inolb-n SttlphUT* 
jncrcuric sulphide and suljihur dioxide arc formed. For the action of fulpluiric 
add, vide supra. For sUfer mercuric sulphi^te and sulphato-chloride, see silver 
mercuric nitrati^. J. L. day Lussac found that when heated with caAoD -charcoal 
—mercury, carlwn dioxide, and suljihuf dioxid*; are farmed. Aewtding to 
C. F. Mohr, hydrogen cyanide acts on heated mercuric sulphaUi^fcg'ming mercuric 
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cfMnide and aalpbtiric acid, and R. Varet said thf reaction is complete ; according 
to C. F. Mohr, aq, bydroeyBDic add acts similarly and cauaes a rise of temp. ; when 
the eoln. ia boiled, /hercuroua auiphate ia dcpoaiti^d, and mercuric suiphate remains 
in soln. G. DanigSa found that the lAylana hydrocarbons form a yellow precipitate 
in acid aoln. J. SchrOder found mercuric sulphate ito be insoluble ih pyzidilia; 
and A. Naumanii, that it is likewise insoluble in banzonitrilo. G. penig^, 
C. Oppenheimer, have noted the formation of complexes with a number of 
organic compounds — thiophene, aldehydes and ketones, etc. 

The banc mercorio sulphates.— The hydrolytic action of water on mercuric 
sulptiate and C, Hoitserua’s work ® on the ternary system, HgO — SO3 — HgO, have 
been previously discusscMl ; the latter shows the existence* of two well-defined basic 
salts at ordinary tern])., 3Hg0,S03, and 3Hg0.2S03.2H.p, and, according to 
W. Spring’s scheme, thi*se would be refern'd to the oxide, (Hg0)3, and graphically 
represented : 


^Hg-0 Hg~S(),-Hg Hj~80.~Hg 

ifg 0 Hg O-Hg-O . 


The basic sulphates, IfgO : 803 ~ 1 : 3 , 3 : 2, and 3 : 1, can also be formulated : 


„ .O.S()a.O. ... 
1I«().3S(), 


Hg.0.S0,0 
^Hg.O.SO^O'^ ^ 
3Hg0.280, 


3Hg0.80s 


The basic sulj)lui,te, 3Hg0.S03, also called luTj>eih mineral, can be ri'garded aS a 
salt of orthosulphurie acid, 8(OH)jj, or HgHOg, namely, Hg380o, mercury ortho' 
sulphate. 

The r(‘8ults of A, J. Qix’s application of the phase rule to systems of mercuric 
sulphutt! and dil. suIpJiuric acid are shown in Fig. 38 , analogous with Fig. 36 (q.v.). 

The ordinat4*8 represent mols of {Hg2, 
Hg)S04 per litre of soln., and the abscissa) 
the increase x in the basicity of the solid 
))hase from dllgSO^— XSO3. Only one basic 
salt, 3Hg0.803, w'as found corresponding with 
the minimum acid cone. {) 0013iV- at 25 ". 
The mercuric diozysulphate, 3Hg0.803, or 
HgS()4.2HgO, has been long known as 
mineral turjKih or turpeth. It was studied 
by A. F. de Fourrroy, K. J. Kane, R. Phillips, 
M. Braamramp and 8. Oliva, etc. G. F. Hilde- 
brandt, R. Phillips, A. J. Cox, A* Ditte, and 
R. Van*t described its ])reparation by the 
action of water, purtieularly boiling wati*r, 
on mercuric sulphate* ; and C. Hojisema 
show'ed the conditions under which it is 
stable in dil. sulphuric acid. A. J. Cox 
showed that if mercuric oxide be shaken 
some days with an excess of sulphuric acid, when all the mercuric oxide is converted 
into turpth, the acid is b«‘tween 6 87 iV- and () () 0065 A'- ; and M. Gciseler obtained 
an orange-yellow mass resembling turpeth by heating 108 parts of mercuric oxide 
with 16’2 parts of sulphuric acid and 540 parts of wat«'r^. M. Geiseler also made 
it by treating a warm soln. of mercuric nitrate wdth sodium sulphate. P. C. Ray 
obtained it by boiling the mother liquor remaining afU'r the preparation of the 
hemihydrate. A. Mailhe prepan'd it by the action of mercuric sulphate on 
cupric hydroxide. V^. R. Dunstan and T. 8. Dymond prepared a yellow crys- 
talline powdoi: of bemihydnted merouzio dioxysulpbute, 3HgO.SO3.iHgO, or 
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HgSO4.2HgO.JHaO, from the «iother Uqtiida obtiuned in proD«At 4 on 
mercuric oxynitratcA. Although the yellow mineral turpeth ia uaually rogtrdad 
as anhydrous, P. C. Kay said that this compouml is the hemihydrate. 

P. C. Ray showed that mercuric dioxysbjphate may be formed as a ieuwn^ 
yellow powder or in bright vellow scales ; that obtained by the hydrolysis 01 
mercuric sulphate consists of small, yellow tetragonal cry’stals. R. 

6*444 add L. Plavfair and J. P. Joule 8*319 at 3 9’ for the ipeoifl€ fTtfity. R. Wat- 
son, and B. J. Houston showed that the gretmish’ yellow |>owder bei'omes ^ when 
heated. According to (1. F. Hildebrandt, when the anhydrt>us tur^th w 
it forms a white 8ublimaU\aud some mercury is obtained when it is rapidly and 
strongly hcaU‘d. P. i\ Ray found that when heate,l to the liasic sulphate 
gives off mercury and oxygen, forming normal mercuric sulphate, which melts to a 
brown liquid and sublimes ss men'urous sidjdiate with the evolution of ox)'gen and 
Bulphur Jioiiae : 2 (HkS(», . 211^0) »«,S0,+4Hs f. •«),+«),. K V»M Kjw for 
the heat ol lormatioii. 4 W*, .tHRO 8 (), 4 -rHriw (Ws .mi M ( .U. for th. 
beat 0 ! eolation in 8uli)lmric wid, .'illKO.Sf^ j ^riHjSO,. 1 . ( ■ Ihw »li<o m 
the channe in the coKmr of the heniihvilrate from yellow to K'll nml brown when 
heated and the festoration <d the original eolour on eoolmc. The water la, how- 
ever given off during the heating. A. Dith- aaid that the dioxvmil).hate la inaolu hie 
in water : A. F. de Koun roy, that a litn- of eold water diaaolvea (JOT) grin., and a 
litre of lioiling wntiT 1 67 grina ; and t^. A. Cameron, that at KHl' a litn' of water 
di(«iolve8 0 n2;i grin, of the dried and 0 (i;tl grm. of the freshly iir.>ei|.itated «ulj)hat«. 
Aeeording to T. J. Pelouxe, the action of chlorine w very alow at ordinary temp., 
and the feault reacmhlea t!hat<with mereiirie o.vide. A. Ditfe aaid t hat the ha^ 
salt ia soluble in dil. hydrochloric add, whieh, meordiiig to C. F Mohr, 
it eompletelv into men uric chloride and aulphurie iwid. 1 . t . Itav said that the 
turbfditv of the aolii in hydniehlorie «< i.l i« due to the pn'rnce of 'ta^ » 
moreuro'iia chloride. A. Vogel found that aulphun.ua ^.<1 

the soil. lH.con.ea ti.rhid owing to the a..paralion of men imiiia anlphato. and .1 the 
«oIn he Imiled. aoi.ie iiien urv la formed For H. le < hatelier, J (Jumi hant, and 
K Varet on the action of aiilphiiri<. acid, ride »H;.r«, Figa. ;«> .W. Aeivirdmg to 
A Ditto, if r deiiotoa th.- weight of il.SO,. ami y that of n.ere.me oxide •» 

the form of :!HgO,SO„ y- (l•.'■|<Wr - I 'Tti I’. C. lUy, and A. Ditto noted tbo 
^luhil.tv of the tiaa.c Hiilphate in d.l nitric an.l also in a ^ Mjjj- 

M. Donovan aaid that the liaaic aulphato givea up all its aciil to a aoln.of potaidlllll 

'’^^’lioitwiiia prepared coloiirleaa. iiv.novliiiic plates of dihydrati.d mewurte 
n,ftn;.>,Mi«,l pl,«tI 2 HgS ()4 UgD 2H./'. •■'ng(».2SO,.2l »<), by the actnm ef aul- 

phuric acid on menuric oxide ; the eonc. of the acid has laien indicated 

Muvra. Its prcB<*nrc was al«) indicated by the previous “f J- H. 
Bemmelen. The air-dried compound bises water very slowly at KM) but rap^y 

at 12.'>'’, forming an orange-yellow powder. 'sir” I" lIvSO^^ 

There U a doubt about tfie mcrcoiic monoiyialphatfc V 

i-po^-d tiy A. Maiihe to he formed by the aetoon of nickel hydn.x de or n ^ d 

4H aSIv .lligSfVlIgO, r«,K.rt«l by W: T. Hh,.kin.. and 
N^JS^acT^he former hy the action of nitric aiid on anhydrous tonnith, 
and the latter by heating a mixture of aodimii aulphato with an 'tojdified of 
Trct^c nitolte'in a aeafed tube at 2 .^-)". The ->«k J-'How rhombohedral 
are aaid to be decomposed by water with the separation ol turja-th. C. floitaem* 
regards it as a mixture of turpeth and mercuric sulphate 
* Th« folphobMic nfccnric lUlphlUafc »<>"«■ foniplex-a of mercuric 

and sulphate have been rejiorti d mafcoric ^phntowlphidci *‘*^*.‘ 

anu suipu \ and 3 * 1. ^ well as some werewffe oxfmpMUh 

wJaX 2Hg8.3HgSb,.H«’0.4H;0, «.d HK 8 .Hg 80 ,.Hg 0 .* W. Spring* .egarda 
aulpho-sulphatea aa derivatives of • . 
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in which S04-ra(licJeH may replace th<f sulphur radicles. Thus 
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31TaS.HgS(>< 
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HgaS 04 .Hg 

Hg.SO4.Hg 

HgH.SHgSO, 


>so, 


Tbo (fxyfiuJpImtvH arc Himilar, hut h'rc oxygen ropkfvs sulphur. The yellow 
amorphous precipitate which H. W. F. Wackenroder Obtained by adding mer- 
curous nitrat<‘ to an aq. soln. of tetrathionic acid was shown by W. Spring to be 
mercuric gulphatotrisujphide. :HfgH.HgS04. Hg4S4()4. The result is not satis- 
factory if the tetrathionic acid be poured into an a<j. soln. of mercurous nitrate. 
Presumably mercurous tetrathionati*, Hg2^4f>fl, i» lir»t formed : H2S40fl-f-}rg2(N03)2 

-Hg.2S4()rt [ 2IINO3 ; and imm<*diate|y hydrolyzed by thq water; 2Hg2S408 
-|-.‘lH20 dlg|H4( >4 -[2112804-1112803-1-8. The yj'llow ])reripitate was washed 
with carbon diHulphi<le, and dried. N. Tarugi made the same compound by 
treating mercuric etliyl thiocarlsinate, irg(0H3CO8)2 .witH ilif. sulphuric acid. 
According to W. 8pring, the sp. gr. of the yellow jiowder at 20 ' is (MlbO, and the 
mol. vol., ir )4 (). It IS stable up to 12n ', but above that tiunp. it blackens, and 
decomposes, giving ofT white fumes If the salt is contaminated with a little totra- 
thionic acid, it begins to decompo.se at about .■)()''. The purified salt is stable in 
light, but if contaminated with tetrathionic. acid, it blackens, forming men uric 
sulphide and suljihate. The salt is ins<»luble in jvatfr, but the yellow powdt'r 
becomes darker in boiling water, and the filtrate is free from mercur>\ but contains 
sulphuric acid ; the ](roduct remaining aft^T treatment with boiling water is 
mercuric trio.\ysidphid«‘, Hg():Ulg8 .Alkalies, iodides, and siibstames with an 
alkaline reaction, like tin*. carbonates, form black mercuric sulphide, and this the 
more quickly the higher the tenq). The .salt is also blackened by hydrogen suljihide. 
It resists the action of acids excepting <'onc tetrathionic and, whudi partially 
dissolves it, and hot nitric acid converts it into Hg8..Allg8()4 It is .soluble in aqua 
regia, or a sedn. of bromine irt hydroehloric m id. Whtm boiled with a .soln. of 
barium nitrate it forms mercuric sul])hide, barium sul]>hate, et.<’ The amount of 
heat evolved when this body is treated with sodium .sulphide is taken to mean that 
it is not a mere mi.xture of rnereurie sulphide and sulphate, but is rather a definite 
compound. When the 8ulphatotrisul]>hide is warmed to ’-1(K)’ with nitric 
acid of moderate cone., it forms mercuric trisulphatosulphide, HgS .‘lHgS()4, as 
a white powder, whh'h is eoloun-d yellow and then black by sodium hydroxide, and 
which is in.soluble in acids and in a(jua regia. 

R. Palm rafjiorted the formation of white merCUric disulphatosulphide 
Hg8.2Hg804, by mi.xing fre.shly precipitated mercuric sulphide m a cmv. soln. of 
mercuric acetate with sulphuric acid or an alkali sulphate ; and he added that a 
similar ('ompound, but red in c^ilour, is formed by the action of a warm soln. of 
mercuric sulphate on ( innabar. (!. Harfoed also reported the formation of mercuric 
sulphatodisulphide, 2lIg8.Hg804, by the action of warm sulphuric acid on mercuric 
sulphonitratc. (J. McP. Smith obtained this compound by the action of a sulphate 
on mercuric diperchloratosulphide. 


H. Rose obt^intHl a product, merouriu oxysulphosulphate, HRS.HgO.HgSO,, by 
troHting an aq. soln. of mercuric sulphate with insufficient hydrogen sulphide for coiupleto 
deeonqKWition. The while pnvipitate boeomes yellow by washing, and J. Jacobian 
said that it romains white if woshotl with cold water and driixl in the water-bath, but if 
washed with Uiiling water it becomes yellow. According to K. tStnip, if a soln. of mercuric 
aulpliate, made by dissolving 10 grms. of yellow mercuric oxide in 10 c.c. of oono. sulphuric 
acid and ^40 c.c. of water, is aliakon wtth ono-fpurth its voIj of carbon disulphide, and 
allowed to stand severaj weeks, white hexagonal idatea are formed, which, after waehmg 
with dil. sulphuric acid, alcohol, and ether, have tfio composition 4 Hg 0 . 2 Hg 8 . 3 S 0 ,. 4 H 40 , 
or 2Hg8.Hg0.3Hg80,.4H,0, or («tr«liydrated mefeurie oxydbulphotrlsoliSuUe. and he 
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»»t«.‘ When ihu S‘hL‘1' J® ',i' ™ “Iphunc wM luixHl wilk 10 0 . 0 .^ 

i« preoipitaW it “* mwcurw «il,diid* 


■...r^Sn***** ®! '':l^l<''rvill^ and K. W. Millnr? 

» (nstaNim powder, which they n'j-arded aa mMCUnaic lulpbilte. lli!.S()I.llLaO,. 
by disoating niTCury with cone, sulphuric acid for 2 hpi at l.M) ". Tlic pn-ripital*. 
la waaM with ft, per cent, alcohol. T. Hocks „|„«i,„.d what he oUrded a. 
meicorotic oi^phat*, dlg.,0 llgtUIgSO., or Hg.tl 2 HrO Sll,. by wannmg 
morcuroniorrurir nifrato witli sodimii aulphuU* Tin* )»rotlu<i ita inwilublo iti roW 
water, and it ia deooinposod hy iiydnuhltiru- at ul. Then* la llothin^ to hhow that 
these produets are chemical individuals. Mercuric aulphate was found liy 
C. Kaakerville to form mCTCUric hydrochlorosulphate, H;iS(VH<l hv <‘vai)oratm« 
to dryuesB a mixture of 2n {irmH of inert uric huljtliale and 2t> cc of <><mc. hydrti- 
chloric acid, and then subliming* the product at ‘JUi The sublimate is not a.ttack<‘<l 
by hydrochloric acid. «nd but sh^ditly by mine acid. Ditle made mefOUric 
dlhydlOChlorosulpllBtdt Ifj^SO^ 2H(‘I, by passm^ dry liydro('cn chloride through a 
tube containin^f ]»o\vdered mercuric sulphatt* at a Idunp, auliicicnt td) volatiiiRc any 
mercuric chloride which may he formed . also by cvaj>oratinj; a mixture of mercuric 
Hul])hatc and hot cone, hydrochlont' at id tt> dr\ness, ami also by subliming a 
mixture of eq. ]iro])orti(ms of mercuric sulpbatd- and chlondc. The wlntd* produi i 
ift soluble m water without decomposition; it. is stduble m hot siilplinric acid, 
(!. Baskerville made momtliixjc crxstals of the h\dratd‘, H^Stb 2H(’i,U2f), hy 
heating a mixture of <Mj <iuantities of mercurie eiihiride and monohyilrab'ii mt'reuric 

Kul]>hab‘. A. Ditt(‘ similarly ]»repared mercuric dihydrobromosulphate* 
HgiS(^4.2HBr ; but lu' could not oiitam the CDrresptimimg tompouml with hydrogen 
iodult'. A. Ditto also made white crystals of a basic sab, IlgSO^ 2llgD.tiUHr, by 
the action of dry hydrogen brtunide on cooletl n . n unc oxn sulphate, llgSOi HgD ; 
and by evaporating to dryness a soln of men urn dioxysuljihatd*, HgS()^2flg(), 
in hot hydrobromic acid The c(unpound dec<tm)»»s<‘s when heated with water, 
forming mercuric hrinmde, and mercuric dihydrohromosulphatd*. 

A. Dittc jirejian'd white crystals of mercunc dioxybeiahydrochlorolulphAte, 
2lfgO IIgiS04.()lIt'l. by the action of hydrogen chloride on lur]icth mineral, and 
by evaporating t-o dryness a soln. of turpeth mineral in cone, hydna liloric ilidd. 
When heated the product is dciom]>oscd into watiT, mercuric chloride, and 

Hg8()4.2HCI. Tin; ( orres]>on<img mprcupc dioxybexabydrobromosulphAte, 
2Hg0,HglS04.(iHBr, wiuj jirepared m a similar miinner. v\eeordmg to A. Ditte, if a 
mixture of mercuric iodide and sulphun<- aeid be heated, subhmation begins at 
200°, and iodine is given off ; on cooling, a mass of crvKt,als of a doub|<' salt is possibly 
formed. This jiroduct melts to a yellow liquid , it is e<doured yellow' and then rmi 
by cold water, and decoiiqios^Hl by liot water. A Souville, and K. Kiegcl studied 
this reaction, and it has bi-en assumed, without proof, that mercuhc iodOfUlphita* 
HgSOi.Hgl2, is formed. A. Ditte prepared white silky needles of mercuric iodo« 
tri^j^tet Hgl2.3Hg804, hy heating m<T< iirn- KHlide with fuming sulphuric acid, 
or, less readily, with ordinary sulphuric acid. The salt can J>c .rciirystallimi 
from sulphuric acid ; it melts to a yellow Injuid w’hich solidifies on cooling to a 
white fibrous mass ; it isdecomjiosed by water, forming mercuric iodiile and lurjieth 
mineral. A. Ditte also prepared five different double salts of mernirir sulphate 
and iodide by the action of sat. soln. of men uric sulphate in sulphuric acid of 
different cone, upon mercuric iodide ; mercuric iodotctrasulphatc* HgI2.4lig8O4.i5 
or I8H2O, from a 41*1 ^er cent, sulphune aeid soln. ; brilliant white needles of 
mercuric oxyiodoirisulphe^, Hgl2(3Hg0.2Sf)3)(Hg()803) BtHgO, or Hglg llgO. 
3Hg804.10H20, from 37' iT per cent, lu id soln? ; white nodular crystellimi matweii 
of mercuric iododioxytetraeulpbate, HgL 2(2803 .jHgOf.KiHjO, or Hgl2.2HgO. 
4HgSO4.l0H2O, from 28*5 ia;r cent, acid soln. ; rose-coloured cryjjtals of mercitfic 
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2Hgl2.3(28Og.3ngO).}0HiO, or 2Hgl2.3Hg0.6B;gS04. 
lOHaO^ from a 16'6 j>er cent acid sola . ; and white crystals of mtlCIllio iodo- 
OKFUilllpluUe, HgIe.(2S(>,.3HgO), or Hgl2.Hg0.2HgS04, from a 9 per cent, acid 
ioln. K. Briickner reported m^imric haaiod^odktoh0xo9Eydod6oasiilphaie» 
6Hgl2.6(2803.3Hg0).Hg(103)2. or 6Hgl2.6Hg0.12HgS04.Hg(I08)2, hy shaking 
together a mixture of W grhia. of mercuric sulphate, 800 grmfl. of water, and 
50 grms. of iodine ; and by the action of an alcoholic soln. of potassium iodide on 
basic mercuric suliihate. ^he ifticrocrystalline product is decomposed by water 
and dil. acids. 

C. n. Hirzel * prepared colourless monoclinic crystals of dihydrated potaiMinm 
trimercnric sulphate, K28O4.3HgSO4.2H2O, by dissolving a mol of mercuric sul- 
phate in hot sulphuric acid, and adding potassium sulphate until the precipitate 
first formed re-dissolves. The soln. is treat<Hl with boiling water until a per- 
manent turbidity is produced, and the whole is allowed to cool slowly. According 
to B. Finzi, when a boiling soln. of silver sulphate (sat. in the cold) is treated with 
yellow mercnric oxide imtil no rnon* ilissolves, and the filtered soln. allowed to 
stand a few days, i)ale.-yeIlow rhombic tablets of silver cnercnric OXysulphate, 
Ag2804.Hg0, are deposit'd, , 
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§ 31. Ammoniacol, Hydrazine, and HydrozyUmine Meroorio Snlphatei 

E. C. Franklin and t\ A. Kraiw ^ found iiuTcuric 8uli)liat»‘ to )m‘ insoluble in 
liquid ammonia ; but it in aolubic in aq. ammonia. N. A. E. Mdlon phq»ared a 
compound with the eiiipirKal formula by saturating IK) o.c. of 

cone, and cold aq. ammonia with mercuric Hulphat-e, and leaving the aoln. in an 
atm. of ammonia over (juieklime for some mouths. The prismatic crystals which 
formed were dried over sulphiuyc acid. L. Pesci was unable to jinqiare this sulphaU', 
but obtained ammonia turpeth insU-ad ; N. A. E. Millon considered it to be oxytri- 
tnercuridiammoninm sulphate, 3lIgO.SO3.2NH3 ; Init E. (\ Franklm regarded it 
tw qaercuric diamminodioiWlpbate, Hg(Nil3)5jS04 2HgO, or as hydrated tm~ 
curiamnumiutn tnercunhydroxtjsulphatoawide, NHjjH^.SO^.Hj^^JHgOH -f HgO. 
N. A. E. Millon ])repare(l prismatic crystals of what he regarded as oxydinutnnin* 
ammonium 'sulphate, 2HgO.SO3.2NH3, by evaporating a sat. soln. of mercuric 
sulphate in cone. aq. ammonia, in an atm. of ammonia. 1 .*. IVsci iditained only 
ammonia turpeth by following N. A. E. Millon’s diwetions. K. ('. Franklin n*gara8 
this product as mercuric diamminomonozysulphate, HgfNHyl^SO^.HgO, or as 
hydrated mercurumnutnium sulphate, (NH^HgljiSOi.HoO. 

N. A. E. &liilun likewise prepared mercuric diamminowlphate, Hg(NHg)2S04, 
by saturating a(|. ammonia with inereuric sulphati.* and evaporating to drynei® 
over sulphuric acid. L. Pesci followed^ tlie^c directions and obtained a product 
of the same composition which he assumed tij he a mixture. 0 . Schmieder |)n*pared 
fine crystals of monohydrated mercuric diamminofulphate, Hg(NHg)3S04.H20, 
by evaporating a sat. soln. of precipitated imTcunc oxide m a cold sqln. of ammonium 
sulphate until a crop of crystals appeared ; if the soln, be hot during the eva{M>ralion, 
a basic .sail appears. L. Pesci followed 0 . Schmieder’s directions, and obtained a 
compound of this same comj>o8ition to which he assigned the formula (NHggjgHQA. 
3(Nil4)2S04,4H30. The crystals are stable in air, and, according to L. Pesi i, rapidly 
become opaque when confined over sulphuric acid. The compound is white at 90 , 
but at 115 '' it Ix'comcs reddish and lows all its water. When hnaUxl in a glaas 
tube, w^ater and ammonia are first evolved ; mercury and a yellow sublimate then 
appear - the latter is white when cold— the reddish-brown residue melts with 
bubbling and evolution of sulphur dioxide ; aud at a still higher Uonp., dl i® 
volatilized. According to 0 , Schmieder, when the compound is tr<‘at\'d with a 
very small proportion of cold water, a complex compound which L. Pesci 
symbolized (NH4)2804W(NHg2)2804.12H2(> mjwic infrar-'w formed ; and with 
boiling water ammonia turpeth— -tJide infra — apjX'arH. A soln. of imtasaium 
hydroxide furnishes a basic salt and amnioniA even at ordinary t<*n.«[)., aud wi^ a 
boiling soln., the yellow compound first produtsid is gradually converted into 
mercuric oxide. The compound is ehsily soluble in aq. soln. of ammonium sulphate 
VOL. IV. ’3k 
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or amoioaium chloride ; in dil. or cone. hydrochir»ric acid ; and in very dil. nitr 
or suiphuric acid ; hut it is not soluble in cone, nitric acid, and cone. sulpJiuri 
acid decomposes forming mercuric and ammonium sulphates. Hyiroge 
sulphide converts it completely into/fiercuric sulphide and ammonium sulphate. 

K. A. Hofmann and E. C, Marburg obtained a pulverulent psecipitatc o 
nwrcoric bydramosulpbate/ HgS04,NJiH4, by adding Indrazine sulphate to t 
soln. of mercuric nitrate. M. Adams made mercuric dihydroxylamiuosolphate, 
HgSO4.2NIl2OH.U2O, by alialcidg freshly precipitat'd mercuric oxide, or dry 
mercuric sulphate with a cold 10 per cent. soln. of hydroxylamine sulphate. An 
excess of imTcuric oxide is to be avoided. Tin* crystULs are repeatedly washed 
with water, and dried over phosphorus pentoxide. The compound is stable in 
darkness, but changes colour in light. It decomposi's rapidly at 55 '^ ; and it is 
decomposed by cold water, being coloured first reddish-yellow, and finally black. 
It is stable under water containing some sulphuric acid or hydroxylamine sulphate. 

A. F. de Fourcroy *** found that soln. of a mercuric sulphate- not the nitrate or 
chloride— give a white precipitate with ammonium sulphate. G. C. Wittstoin 
stated that a soln. of mercuric oxide in a cold aq. soln. of 'ammonium sulphate is 
not precipitated by uq. ammonia ; and he added that if mercurous oxide be used, 
heat IS necessary for the dissolution and some mercury is precipitated. ('. H. Hirzel 
dissolved a mol of mercuric sulphate in hot .sulphuric acid, and added a mol of 
ammonium sulphate ; the precipitate first formed n'dissolved, boiling water was 
added, and tlu* mi.vture cooled .slowly when monoclinic prisms of dihydrated 
ammonium trimercuric sulphate, (NH4),HS04.;illgy04 2 Jl.d), separated out. The 
doulile salt is much dissociated 111 a(|. soln. since ii. f. Jones and K. Ota found 
that the conductivity very nearly corn-sponds with tlu' value calculated from that 
of the single salts. 

ou Fosmaun jitopurtHl what he regarded ua mercuric ammonium sulphatochloride, 
2Hg8U4,lIgCl,.2Nll4Cl. by foiling morcuno chloroaimde, MJljilKCl, wjlh Hulhcjent water, 
auidulab'd with Hulphune acid, for cuinpleto soln. Tho liquid is evaporated on a water-bath 
for crystalluation : 4NJI,Hg('l | 4ll,S04-HKS0*-t-(NH4),S0, f 2NH,ti.2YluSO*.UgCl,. 
Jhe crystals are dried by prt'ss. IsUween tilter-naper. Tht'y aio deeompo.sed [)y water; 
potassium iiydroxido liberates ainpionia ; and ether extraels men uric chloride. 

F. G. iiay obtaiiu'd a white crystalline powder of monohydrated dimercuri- 
ammonium sulphate, (NIIg2).^S04.iI«0, by heating dimercunammonium nitrite 
with dll. sulphuric, acid slowly up to the b.p. The product is .soluble m hydrochloric 
acid. By warming Millon's base with dil. sulplnlric acid, C. F. Bammel.sberg, and 
L. Fesci obtamed dihydrated dime;icuri|mimomum sulphate, (NIlgo)2S04.2H.20, 
as a pale yellow powdm-, and L. F(*sci obtained oi'tuhedral cr)>tuls by adding 
mercuric sulphate to 70 "l(i() c.e. of cold cone. uij. ammonia until no more dis-solvcd, 
and eva[)orating tho soln. for crystals. L. Fesci pn'pared a double salt, dodaca- 

hyorated ammonium heptadimercuriammpnium sulphate, (NH4).,S04.7(NiIg2)2S04. 

I2II2O, which some regard as mercuriamnumuim oxydimercurianimonium sufpliate, 
([.v. This salt becomes anhydrous when heated to li.o^ H. 8 aha and K. N. Choud- 
huri obtaim d dihydrated mercuriammonium oiysulphate, 2Hg0.(NH2ilg)2S04. 

by dissolving mercuroms sulphate m uq. ammonia, and evaporating the 
filtered soln. over cone, sulphuric acid. 

Prismatic crystals of another ammonium tlimert'uriammonium suJiihate, HlNHijjSO,. 
6(N Hg 1)1804. lull gO, "ero prt'panxi by L. Poaoi by adiluig inercurio sulphate to aq. 
ammuma of sp. gr. O'UOU until no more dissolved ; mixing tho filtered sohi. with an equal 
vol. of an aq. soln. of ammonia sat. at 0‘’ ; and allowing tho nuxture to stand 24 hra. This 
salt becomes anhydrous at li6'’-12o‘’. It loses ananonium sulphate when treated with 
cold water, and forms (NH4)4S04.7(NHg4),S04.12H,0, and finaUy tho siUphate of MiUon’s 
base. The salt is soluble m aq. ammonia. The uq. soln. giv5a a precipitate of mercuric 
sulphide when trcaUxl with hydrogen .'^ulphide, ^id a neutral sohi. of ammoniiun sulphate 
remauis. E. Franklin rearrangi's i 1 k> symbol m the forn.ula of tho hydrate so as to 
form HgU. 19jUgS04(?vH4)|} 16U|0 ; ho rt>gards L. Pesci's compound as a partially 
dehydraieii slightly ba^io specimen of munK>hydrato<i mercuric diamminosulphate. Mono* 
hydrated mercuric, tiiaumimosulphate, HgSOj.Z^ilij.HjO-Wde supra— was regarded by 
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L. Peaoi aa an amnioniuin dimerci'ftammonium ttu]{jhat« ; S|NU 4 )|S 0 «.(NHga)tti( 04 .iHa 0 , 
The baHic* aulphat4t) of MiUon a baae, Hg(0H),.(Nll|^,)S04(NM|).(NHji,),604, wa« pn^MMiid 
by C. F, Ranu^elaberg aa a pale yellow jjowder by the action of a hot atiln. of animmiium 
Bulphato on freahly precipitated meit'uric oxide. ^ • 

A. F. de Fourcroy, and J. Kane tj\*afed iiiereuric aulphate witJi aq. auiutonia, 
and found a yellow baaie milphate ia firat jlrodueed, ami this ia gradually Iranaformod 
into a Vhite powder. The reaction ia the saine^if the liquid i« boiling, but it then 
proceeds faster. This coiiipouud is the so-called ammonui turiHlh. Acionling to 
the analyses of R. J. Kane, N. A. E. Millon, C. H. llirxel, and 0. Schinieder. the 
composition corresponds with H‘i 4 Nj)H 4()2 SO 4 , wliile P. (' Ray gave Ug 4 N 2 H^O.S() 4 , 
but without analyses The const it iit ion ean be represented as an ojtfdtutvrcuri- 
ammonium sulphate, [ NH.^{Hg()Hg) I.»S 04 K. Franklin regards it as a mixed 
hydroxy-amminio basic suljtliate of men urv, and represents the analyses by 
(H 0 .Hg.NH.IIg)oS 04 . or the sulphate of MilU's Iuim-, or mercuric hydrox|«ul- 
phatoamide. ’ . . . . 1 

Ammonia turjieth is formed by the action of dil sul|)hurie acid on Millon s base, 
(UO.Hg).^ ; N1L^>U, /ir on tli«‘ hydroammomo base, ligiNUglHi It is also 
made by the action of* a(jUii ammonia on tli<‘ basie siilj>hatt‘ 2 Hg(Higo 804 ; 

IJlIgreu ])re|)ared it bv’tlie aition of a solii of ammonium sulphate on the basic 
suljihate ; H. Uir/(‘l, )jv the action of a soln. of ammonium sulphate* on merciirio 
oxide ; N. A. E. Millon, bv diluting with water a soln of men uric sulphate iii cone. 
a<|. ammonia', ami ih Schmie<|er, by the action <»f boiling water on li\drati‘d 
merciirie diamminosuljdiate, IlgStb -N Ha R‘A) t'. Ullgrcn s and O Schimedera 
products had a yellow isli*tm;fi’. wliilc tliow of Jl J. Kane, and H. llirzel were 
white. The while powd<‘r obtained by N. A. E Millon was crystalline, L. I’layfuir 
and J. V. Joule gave 7 :U‘.t for the sp gr at d ’♦ . H. S hmieder said that it is not 
decomposed at llo" ; and R. J. Kane, that it turns brown wliei* heated, giving off 
water, nitrogen, a tnn <■ of ammonia, and, according to (> ifi'hmieder. and (’. H. Hir*el, 
a little merpury, leaving belund men urous sulphate ('. II liirzel also <d)tained 
some sulphur (lio.xtde According to (’ nigreii. and J< J. Kane, ammonia turpeth 
IK sparingly soluble in wat<*r,an<l it msolubh* m )i\drocli!oric and nitric acids, givmc 
off nitroui fumes- N.O 3 , the aip soln. eontams^ ammonia (’. 11. Hirzel, ami 
0. S<dimieder found it to be insoluble m nitrie add : and the former said that it id 
soluble in cone sulphuric acid, forming ammonium mereurK suljdmt.', (Nll 4 ) 28 (y 
dllgSOi 2ll,() ; 0. Sclimieder, however, saul that it is insoluble m cone, sulplinric 
and, but readily soluble m the dil acid (’ H Hirzel found that it. is soluble in 
a soln. of ammonium sulphaU-, and, U(bk -<1 (i. Sehmieder. without the evolution of 
ammonia ; 0. Sehmieder also found that it is soluble in a boiling soln of ammonium 
chloride with the copious evolution of animoma. R J. Kane found that when 
hydrogen sulphide is passnl into water with the powder m susp nsion, menmne 
sulphide anda neutral soln. of ammonium sulphate* an- formed C l llgreii fownd no 
ammonia is evolved wlini it is treated with a soln. (d potassium li\ .Inixule ; but with 
a pndonged boiling, C. H. Hirzel obtained a little ammonia and a ) ellow product-- 
0. Sehmieder said vellow merniric oxide is the ultimaC; product of this ai tion. 
C Ullgren obtained ammonia ]>y treating the compoun.l with ],otaHHiuni sulphule 
0. Sehmieder obtained a prodmt with the empirical «ompoiflti(/n Hg 7 ^ 4 HBti 8 ; 
2 SO 4 , by the action of cold water on HgSO* 2 NH 3 .HijO, or by pouring a sola, of 
ammonium sulphaU*, sat. with mercuric oxide, into cold wat-T. L. 1 esd also m^« 
a compound with the same conqiosition by a similar i>ro(<ss, and also by the 
action of hot dil. nitric acid on his ammonium dimereuriammonmin^sulphatti. 
This compound can be regarded os mercuruimmoftium oxydiwrcurwimmornttm 
sulphiU^, (NHj,Hg) 2 S 04 ^(NH 2 Hg 0 Hg).,S 04 ; or, according to L. IVsci, 
7 fNHffo) 9 S 04 I 2 H 0 O, f.e. dodecahudraled amttumium dimercnrwmmonium HulphaU J 
or, a<rordi4( to E. C, rtanklm. lXH^HglA ..r/nwOBi- 

.mmoninm hydiozyaiiiidoialpbate, E. « “ '""1, "'f “•^1' 

white earthy powder loses three mols of wat^'f when heated to , and furnwbes 
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Hg 7 N|H 402 .S 04 , or, according to E. C. Franleiin, (NH2Hg)2S04.3(Hg2N)2804, 
i.e. OMiciiilaiiunQiiiom dimercariammonium sulphate. 0. Schmieder found, that 

when heated in a flowd tube, mercurianimoniura hydroxyamidoBulphate tuma 
brown, givf* off wat(*r, nitrogen, ar^? mercury, and on cooling, white mercurous 
sulphate remaiuH ; when washed with boiling water, ammonium sulphate is 
extracted — according to L, Fesci, amnjonia turpetn is formed. 0 . Schmieder 
found that a boiling dil. soln. of potassium hydroxide gradually converts it into 
mercuric oxide, and that a /-one* soln. of ammonium sulphate converts it into 
HgSO4.2NH3.H2O. A boiling soln. of ammonium chloride dissolves the salt 
comph'tely with thi; evolution of ammonia. It is readily soluble in cone, and dil. 
hydrochloric acid, or in very dil. sulphuric acid, while it is not soluble in cone, 
sulphuric acid or in cone, or dil. nitric acid. 

0 . Schmieder prepared a product with th<; composition Hg5N2H4S04, by dis- 
solving Hg8()4.2NH3.2H20 in dil. sulphuric acid ; pouring the soln. into an excess 
of a dil. soln. of potassium hydroxide ; ami washing the j)rvcipitate with warm 
wat<‘r. L. IVsci followed 0. Sehmieder’s directions but failed to get this 
compound, and obtained insU'ad ammonia turpeth. ().• Schmieder regarded 
it as oxydintfreuriammoniurn ojytnmercuriammoniuni ^t</py5atc, {NH2(HgOHg)}- 
jNH2(HgOHg()Hg) jS04 ; and K. (’. Franklin regarded it as mercuric liydrw- 
amido-oxysulphate. (HOHgNHg).2S()4.Hg(). 0. Schmieder said that the white 
powder becomes yellowish- white at 11')'" without loss of weight, ami when heated 
m a tube, it gives off water, mercury, and nitrous fumes ; the reddish-brown 
sinteri'd mass becomes white when cooled ; if heati'd to a still higher tiunj). it melts, 
and bubbles with the ovulution of Mul[)hur dioxide ;eanti if heak'd still more, all is 
volatilized. When boiled with a dil. soln. of potassium hydroxide, ammonia. is 
evolved ami the mass aeipiires a yellow colour ; by the prolonged action of a 
cone. soln. of ])ot^jssium hydroxide, the ultimate jiroduet is mercurie oxide ; ‘ it is 
coiiijiletely soluble in a byiling soln. of ammonium chloride with the evolution of 
ammonia ; but it dissolves in a Imiling soln, of ammonium Hul[)liaU* without the 
evolution of ammonia. It is soluble in dil. and eouc. liydroi’hloric acid, ami in 
very dil. sulphuric acid ; but insoluble in nitric acid and cone, sulphuric acid. 
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§ 82. The Mercury Carbonates 

In his essay De aado amv (Upsala, 1774 ), T. Bergiiiann obtained mercury car- 
bonate by treating a soln. of mercury in an acid with an allkali carbonate. Accord- 
ing to P. N. Raikowd carbon dioxide has no action on mercurous oxide. H. Demar^ay 
found that when a soln. of a mercurous salt is treated i^ith potassium or sodium 
carbonate, a dirty whko precipitate is fc^rmed ; the corresponding hydrocarbonates 
give a white piwipitate which bt'comes black when the liquid is boiled ; and 
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•minonium cArbonate gives a gAy or black precipitate. According to C. ArnoUl, 
the precijpitat^ produced by the addition of a soln. of alkali carbonate, ammoiua, 
or potMiom hydroxide to a mercurous salt^wln. is not soluble in a sat aoln, of 
potassium carbonate, nor in a sat. soln. of itminonium carbonate in water or in 
10 per cent. aq. ammonia. A. P. Castanares found, that unlike bismuth salts, Hot 
soln. pi mercury salts, acidified with nitric acid, an* not j)recipitated by ammonium 
carbonate. H. Rose obtained a reddish* broan oxychloride by adding alkali 
carbonate to a soln. of mercuric nitrate ; and K. Thftmmel showed that when tbo 
alkali carbonaU; is added to a soln. of men uric chloride, the oxychloride is pre- 
cipitated, but if a soln. of meK'uric chloride b* added to one of the alkali carbonates, 
mercuric oxide is precipitated. D. Vitali, however. obUmed no ]m‘cipitation with 
a soln. of mercuric cyanide. If an ammonium salt lx* prcw*nt, t he alkali carbonates 
gives a white preci[)itate ; and if organic substances sugar, gun», ete. an’ present, 
a black precipitate is ]>ro(luced in a dil. soln. of a mercuric salt, and in cone. soln. 
a dirty yellow pn*cf|»itate which b<*comcs black in a few hours, or immediately on 
boiling. ^ 

According to*R. l^hindler, and K. Bdtz, soln. of potassium or swliuni hydro- 
oarl>onate give a reddish-ferown pn'cipitaU* when a<ided to soln. of nu'n urie sulphaU) 
or nitrat.<* ; and with an eq. amount of a soln. of mercuric chloride, a white turbidity 
apjiears which becomes redclish, and finally ])n‘cipitate8 a n'ddish oxychloride- 
part of the mercury nonains in soln. A<‘C4)rdmg to A. Hartlu'*l(‘my, the yellow 
precipitate produced by an alkali hvilrocarbonatc in a soln. of nH‘r(‘urous nitrato is 
soluble in an excess of thejatter. H. Vittenet noted that natural w'aters containing 
hydrocarbonates in soln. give X precipitate with a Id ]>cr cent. soln. of mercuric and 
ammonium chlorides, H. Demarvay found mercurous salt soln. are ]trt‘cipitated in 
thepold by magnesium carbonate, or by the alkalim* earth carbonates, and II. Rose 
found that the precipitate is a mixture of menuinc oxidf* and the ns-tal, not mercurous 
oxide, when barium carbonate is used, ami lliat tlu* jA^x ipitation is <pmntiUtive 
with inercifric sul])hate or nitrate, but, even with hoiling soln., im*rcuric chloride 
is not precijiitated. E Biltz thought that soln. in whi< h t here are 20 mols of sodium 
hydrocarbonate, or 4r> mols of potassium hy^lrocarbynatc. to om* of mercuric <’hlorido, 
contain a iloublo salt of alkali hydrocarbonate and mcn uric carbonate ; but 
K. Thiininicl object'd that mercuric carl>onate is not prodiued from soln. of mercuric 
chloride the mixed soln. gives off carlxm dmxHlc 

More or less impure mercurOfOS carbonate, llgol'fl:}. W l»nMMpitat(‘d as a yellow 
powder when a soln. of mercurous nitrat4* is mix<*d with hcmIiuiu or |H)tassiuiii car- 
bonate ; and in order to get the salt qftite fiat, with carlsm dioxide, ,1. S<*tterb<'rg 
reconunended mixing the nitrad* with a slight excess of ])ot.asHium hydrocarbonate 
and allowing the mixture to stand for a few 4iays, Th«* mixture is frecpiently agitated 
to ensure the decomposition of any basie mercuric nitraU* which may have4)ecn 
precipitated. The precipitate is then 4|(iickly wash«-<l, and dried in vacuo over cone, 
sulphuric acid. H. lif^se triturated rrysialline imTcurous nitrate with potassium 
hydrocarbonate and water, and washed the product as rapidly as ])os8ihie. J, 
recommended drojiping the mercurous nitrate soln, into a cold sat, soln. of potassium 
hydrocarbonate, washing with carbonic acid, and drying in darkn<*s8 oyer sulphuric 
acid. ’ ^ 

According to J. Lefort.the pah* yellow powder does not amrilgamat<* gold, showing 
the absence of free menmry but if the jiowder has be<*n ex|KJ8ed to light, the gold! 
is quickly amalgamated. L, J. Proust found that the salt is <’onvert<*d into i^icurio 
oxide and mercury when exposed to air ; sc»mc carbon dioxide is alscf given off. 
G. C. Wittstein Btat**(W^hat this decomposition readily m’curs uniler warm water, 
and H. Rose that it is very^ rapid ui l>oiljng water. G. H. Pfaff added that it 
mercurous carbonate reWins some alkali f-aalnmati*, eni]>ioyed as urecipitant, the 
latter abstracts some carbon dioxide and the pro<luct turns Jili^k. J. Lefort lottnd 
that the dried carbonate loses carb(m dioxide at and fomw mercuric oxide and 
mercury. G. C. Wittstein found that .mercurous carbonate is* blackened by aq. 
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ammonia, and Home in dimfived with the fu^paratidf of mercury ; the soln. deposits 
a white powder when exposed to the air, and on evaporation leav^ a compound 
of ammonia and inerf uric oxide. 0. fjernie.s found a sinall trace of thiocyanic acid 
precipitates mer<‘ury. • 

Accordin^^ to P. N Raikow, when rarlxm dioxide is ])ftss(‘d into a mixture obtained 
by adding' t(} a N-soln. of ruereurie ehhjtide. a quantity of potiissium hydrpxide 
sufficient to convert uhout one-fifth of the metal into hydroxide, the mercuric oxide 
is converted info normal m^curic carbonate, mixed with a little acid 

c-arhoTiate. VV^ Lc uzi' jirepared colloidal mercuric carbonate by adding a dil. 
soln. of sodium carbonate to a dil soln of mereurie chloride and sodium protalbinate 
or lysalhinate. The soln inav be dialyzed. 

N. A. E. Millon dnjpped a soln of men urie nitrab* into a large excess of a soln. 
of potassium or sodium carbonate, an<l obtained an ochre -yellow ]>owder, merCUlic 
trioxycarbonate, Jlg(X);, ;iHg(), or IIIgOCfL. He alM) shoved that if the alkali 
carbonati' soln. be added t(» that of mercuric nitrate, as recommended by H. Phillips, 
the pri’cipitate may be contaminated with some nitrate. Thej»recipitate should bo 
washed with cold water, and it can be dried at I'fti without deoomposition. Yellow 
mercuric oxuh' is formed when the pnxluct is treated w'ith a soln. of potassium 
hydroxide. If potassium hvdrocarbonate be emjiioved as ])reci]»itaut, 
N. A. E. Millon, and .1, Setterberg obtained mercurh- dioxvearbonate, llg( '();}. 2HgO, 
or tlllgO.f'O.j. If a mixture (»f the mercuric salt and alkali hvdrocarbonate be 
boiled, the precipitate contains scarcely a trace of carbon dioxide. According to 
K. Thiimmel, when an alkali carbonate or hydrocarboui/te is adiled to a soln. of 
mercuric nitrate, a white precijiitate of basic nitratf, 2Hg() llg(N()d», is formed, 
and it is this, not the mercuric nitrate in soln , which forms 2llg0.1Ig( 'O .t Accord- 
ing to (}. (/’. Wittstem, and H 11. Brett, the brownish-red ba.sic carbonate is sligjitly 
soluble ill carbonic field, or in a soln, of ]M)tassium carbonate, or ammonium chloritle. 
VV^ (!. Keymdds claimed ft) have made polmtmuni meniinr <'tirl>o}ialr, but ‘‘not 
crystalline or of dellmte composition *’ ; ami Ferraro, an unstable mlctntn nicrrvric 
carboHOlc by adding imTcurie »‘hloride to « alcareous waters free from ammonia. 

('. F. Rammelsberg boiled pillion's ba.se with a stdn of .sodium carbonate and 
dried the yellow product m a steam oven; the aiialysi.s corresponded with 
llg 4 N.ill 40 . 2 .(' 0 ;j, and lu' repre.sent.s it as (luncrcundninionnofi rnrhocalp, 

(Nlig^d^fTfa.LHIoO, while F. (' Franklin repre!^ents it as mercuric hydroxyamido- 
carbonate, (Ho”llgNllllg).A'();,. L Pe.s( i stated that it reacts vigorously with a 
soln. of ammonium bromide. N A. E, .Millon pa.s.se<l carbon dioxidi' through water 
in w'hieh Millon’s ba.se was suspendefl, of treated Millon s bast' with a soln. of 
ammonium carbonate or potn.ssium hydrocarbonate, and obtained wdiat he 
regarded as oxydimercuriamnionium carbonate, | Nll.j(Hg()Hg) I.j('()3.iH20, but 
E. (IfFranklin regtirded it as a hemihyilrate, (HOHgNlllIgjwf'Oj ilLG. f. H. Hirzel 
obtained the sanu' product by boiling a soln. of ammonium carbonate in contact 
with mercuric oxide ; F. S<*emann preferred an ammoniacal soln of ammonium 
carbonate. .Vccording to (’. 11. Hir/.el, the prodm t is a yellow' jiowder which gradu- 
ally becomes grey on I'Xposure to light. 'I'lie dried carbonate does not lose water 
at KK)', but at Mf)\ 1 (>l to P80 per cent, of water is given otf, and at 
more water and aimnonia are evolved. F. Seemann found that a litre of water 
dissoh'es 0 grin, of the salt. It i.s decomposed by cone, hydrochloric acid, 
forming NILHgCl ; with a boding soln. of potassium hydroxide no ammonia is 
given off ; w'ith a soln. of potassium iodide or sulphide, the whole of the nitrogen is 
given off a^ ammonia ; cone, nitric acid resi'ta vigorously, forming nitrates ; sulphuric 
acid has scarcely any action in the cold, but when boiling, sulphates are gradually 
formed ; and wdth a soln. of .sodium silicate, tlu* silica is all prt'cipitatcd. C. H. Hirzel 
digested mereupc oxide with a cold su’n. of ammonium da.’'bonatc, and obtained a 
monohydrated form of this carbonate as a snow-white pow'dor which turns grey 
in light and reacts like tfie hemihydrate. These three compounds, said E. C. Franklin, 
“ cannot be essentially different.” 
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' § 33. Arrested Reactions 

There are, a uumher of react lona %\ hu h give dilTcrcnt jinxluetK luu'ortiing U) 
the mode of mi.xmi: the reueting eonutitueiits. Thuw. (’ K. (icrhardt » found that 
if a neutral soln. of lead nitrate he added to a aoln of Hodmin pho 8 )»luit 4 ‘ iii 
exeesa, a lloeeulent preeipltate^of normal lead phos]>hate. IM»;j{l'()4).^. la obtained ; 
oa tlie other hand, if llie sodium jdiosjihatc n»1u he mlded to tin* Icad^ nitrah' 
soln. in e.\e.*Hs, m(mo< Ume eryntals of a lead nitrato))hnK]>hat 4 '. say, Pl>2(Kfl3)l’04, 
are •htained. The former jireeipitate becomes anhy<lrouK at I(K) .the latter re<jmrefl 
a mueh liiuher temp to drive otf the water. Witii copper sulpirate and ]M)taHSium 
hydroxide a green hasie copper sulphah-, «(’u(()H), //.(tiS04. is preeiiutated when 
the latter is'added to an excess of the former ; and blue eoppi'r hydroxide, (.u(()I )2, 
when the admixtun' is made m the inverse manner. K. Thummel noted that 
alkali earhonate soln added to mer< une chloride soln gives nu'renrie oxyehloride, 
while if the soln. l)e mixi-d m the reverse order, n.ereurie oxide is preeipit 4 ited : 
J. Messner, that when potas.sium ferrocyanule is ]>()ured into an exi'ess of a tKilri, 
of copper s’ul]»hate. the precipitated potiwsiuiii eop]uT ferroeyanide has less poUssilim 
than if the soln. he mixed in*the reverse order; K. Kasel.ig that the eo our 
reaction lietween aniline and sodium hvpoehh.nh* is or is not. obtained according 
as ammonia is added before or afWr ttu‘ Uo si.ln. are mi.xed ; am J. Sperlu-r, 
that wlien hydriodie acid is added to hydrogen peroxide, a colourless Injuid is 
obtained, but wlien the mixing is (^me m the reverw- order, there m a se]>aration of 
iodine. Iv analytical work. also, the comj.osition of the preeipitab- may d^^ 
the way the .soln are m.xe<l ; thus G. A. Hulett and L H Dusehak.and (» Me Bmith 
found this to he the ea.se with barium sulphate preeijotated from m id soln. of barium 
chloride ; and E. G. Beckett, with antimony sulphide precipitated from acid Holn, 

of aiftimony chloride. • i *• 

The phase rule would sav that e<iuilihrium is not attained pi theijr' reactions, 
and that the state of .Mniilihrium is attained more nearly by one method of mixiug 
than in another ; and that once a precipitab- has been formed the time nmuired 
for the subsu-iiuent jirogress of the reaction may be so slow that the comiioHition of 
the prceipitab's appi-ar jiermanentlv different The phase rule, assumes 

that an iudefmiteU* long time is available. The observed fact is hat the products 
of some n'actions are dftennined by the inode of mixing. . j- ' m < sau 

The fartdty of co,nbimm{nnore (imckb' u.th ope «»l>stanee 
produces prw ipi tat ions wr^h may be comiulcrwi as at nd* n a , i ' . , 

place if the circumstancea render the action alower. I. Beri*^ o «nl 

Lnc. aulphuric acid waa poumi into ifsat. aSln. of yKitaaHium wdph^. u 
phatc, mercuric chlonde. or other aalta which waU-r dw»olve« with difttcuRy, the salta were 
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npidly f)recipiiated ; but if the gulphorio acid was f/oured in by small portions and the 
hquid agitaM, these precipitations did not take place. The same phenomenon is observed 
on suddmly mixing an soln. of barium chtonde with cone, hydrochloric acid, and in a 

C t niun^r of othe/ circumstances in nrhich it is soim that a precipitate is formed at the 
instant of the mixture, and aftertrards rodijwolvt'd slowly or more quickly by the 
aasistance of heat or of agitation. , ^ » 

If the reaction be arrested while ih ^irogress, the mode of mixing is of vital 
importance in order to obtain particular products, because the final state of 
equilibrium may be attained* by different patlis by tlm different modes of mixing. 
This is still more the case in reactions bi^twcen njixtures of powdered solids. Even 
with liquids it is by no nu'ans easy to get a homogeneous mixture in a short time 
by agitation. Thus, C, L. Berthollet said : 

Although sulphuric acid exorcises a brisk action on water and retains it strongly, nevor- 
tholoHM, it is didicult to bring it to a uniform soln. so that when tho liquor is mtor{}OBed 
betwwm tho eyo and tho light it shall not apjioar striated. It is tho same with alcohol. 

Similarly with molten glass for optical pur])OHes, in spite of tiic fact that the molten 
glass is stirred for many hours, it is very difficult to manufacture large jiieces free 
from striai. There are numerous industries— c //. cemi'at, lihie, plaster of Paris, 
annealed metals, pott^Ty (//.t’.), et<‘.— in which success or failure d(*pend8 on the 
arresting of rea(;tionH at precisely the right stage ; and thi.s. in turn, often depends 
on differences in the modes of mixing; and on differences in the nature of the 
components cmplopd U) furnish a jiroduct with the same ultimate composition. 

According to K. Auerbach and H. Pak, even the state of eijuilibrium of the 
reaction between lead chromate and sodium carl)on,Ht<* det<*rmined by the mode 
of mixing the reacting constituents. They showed that the state of equilibrium : 
JPbCrO^ I'iNa^C ();j If.^tLsiPbO.PbfVO^d Na 2 (’r() 4 , is not the same 

when the start is made from different sides ; although it m not unlikely that if an 
indetinittdy long tune wore available, the same end-state would he attained. A 
precipitate^ may have inore^ime to change into a polymeric, h'ss reactive form when 
obtained by one process than by another jirocess, and this secondary reaction 
might make it ap])ear that the products are different wlnm obtained in different 
ways. The reaction I’ht’Oj^lUiOiCO.. is not reversilile like the corresponding 
reaction OaO() 3 ?=i(’aO because the lead oxide immediately changt‘8 into 

a less reactivi* form ; if water vapour be jiresent, the lead oxide does not change 
so rapidly and tin' reai’tion is then reversible. Again. P. P. von Weiniarn showed 
that the physical charai-tcr of ])rc<'ipitates is largely deti-rmined by th(‘ conditions 
under which the precipitating salts in^^'ract; F. J.'Otto, tliat ])recipitated gold is 
finer when obtained by jmuriug ferrous rhloride into a soln. of gold chloride, than 
when the latter is poured into the former ; and J. 1. (Jay Lussac, that the tint of 
purple of Cassius j.s determined by the raj)idity of admixture. 

HKrSRRNt'K.H. 


* K. Thihnmol, Arch. Pharm., 223. 954, iSS.’i; ,1. Mewnor, ZeU. <inorg. Chm., 8 3HS 1895 • 
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L. H. Thwohak, Zid. Anorg. Chm., 40. 190. 1904; G. M. P. Smith, ./ourn. Atfier ('hem Soc 2 



§ 34. Mercurous. Nitrate 

Mercury nitfete was known to the tuedwval alchemists. It is mentioned by 
A. Libayius,^ Basil VaKmtine, etc. T. B^rgm^n distinguished the variety pre- 
pared with cold pitric acid, from that preparwi with hot nitric acid, and this was 
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shown to depend on the eAdenoe of higher and lower tUtee of oxidntbil, 
the former corysponding with mercuric nitrate. whew mercury a bi- 

valent, and the latter with mercuroua nitrate .JIgNOj, where nfercury ia univalent 
— There are also several basic nifratea. In 1806, A. F. de Fourtmy 
and L. J. Th^nard said that black and red inereur)* oxides each *f combihtf^iU an 
(roii jffoportum differenles d Vacidf. azoiiqtt^. * 

Short prismatic crystals of mnouiOQl HgNOj, were obtained by 

C. G. Mtscherlich * by leaving cold dil. nitric acid uiK>n an excess of mercury. 
According to W. Reuss, in the action of cold dil, nitric acid on mercury, only the 
normal salt is produced whether the acid or the mercury is in excess, for these only 
affect the water of crj'stallization of the n'sulting salt. A low temp, and dil. acid 
favour the formation of crystals with a large proi)ortiou of water of crystallisation. 
If the mercury and acid be heated on the water-oath, the normal salt is alone pro- 
duced. The effects of an excess of the a<‘id or mercury an* the same provided that 
the prowrtion of fret' acid does not fall helow' 4“-5 ]M*r tvnt. nor rise above 15-30 pt^r 
cent. If the cone, of t|ie free acid be smaller than 4-5 per cent., a basie salt will be 
formed, and if higher tlian 15-20 j)er cent., a mercuric salt will be produ(M‘d. If the 
crystals are loft in the solm for a long time, 0. G. Mitacherlieh, and J. A. W. BUchner 
observed that crystals of a basic nitratt* an* formed This n‘action no doubt dejiends 
on the COHO, of the free acid in the soln, P. (’. lUv recommended using an acid 
with a 8p. gr. between 1135 and 1140 ; J. IWort. nitric acid of sp gr. 1-42 diluteti 
with 1~2 times its vol. of wat(*r ; and J (J de Marignac. nitric acid diluted with 
2-3 times its vol. of water.* N. A. E. Millon, W. J. Bussell, and V. H. Veley regard 
mercurous nitrate as a secondary product of the action of lutrii’ a<'id on mercUT)" ; 
E. Divers, as a primary product - vide action of nitric acid on mercur)', 
C. Bucholz dissolved mercury in moderately com*, nitric acid, evaporated the 
soln. to dryness, trituraO'd the residue with mercury and wat4‘r in A hot mortar until 
the fluidity of the rrveta! is destroyed, dissolved the mass ifl hot water slightly. acidu- 
lated with nitric acid, filter<*d, and cooled the li<juid for crystallization. P. C. Kay 
noted that mercuric nitrat;^' is formed by the action of dil. nitric acid on merc.urotui 
nitrite ; and J. I^efort, and W. Heuss, i)v the action of dil. nitric acid on the baaio 
salts of mercu^'. ('. Barfoed not^-d that a soln. of mercuric nitrate dissolves finelpr 
divided mercury, and P. C. Buy showed that when a wiln, of mer(’urir nitrate la 
violently shaken for a short, time with mercury, it is wholly converg'd uito mercuroui 
nitrate, and ho recomnumded this*method of jtreparmg a soln. of mercurous nitrate 
free from nitrous acid. A. Ogg also reiommendcd preparing a neutral soln. of 
mercurous nitrate by shaking a of mercuric nitrate with mercury, and filtering 
the soln. from the solid basic nitraU*. Analyst's of the crystals by 0, Cl. Mitscherlich, 
C. F. Gerhardt, J. C’. Cl. do Marign/ic, A J. Cox, etc., show that mowihydrated 
mercurous nitrate, HgNO^.HoO, is in question J. licfort's analyses corn>sponded 
with the hjMratc Hg2(N03)2 2JH2C), but J. C G. de Marignac showed that the 
crystals were probably not (Iry, for they are liable to oxmtain mclusions of tbo motlusr 
liquor ; the crj’stals should be powdered an<I dried by press, between folds of filter 
paper.* W. Reuss claimed to have j)roduced a whole range of other hydratd with 
2^, 2J, 2J, 3, and 3^1120, hut this has not been confirmed- 
The prismatic crystals of the monohydrate were found by J. 0. 0. de Marignac to 
i>clong to the monoelinic syst^'in, and to have axial ratios 0:6: c - l : 1 : 0'8334, 
and p=103° 47j[^ The salt does not crystallize isomorphously with the oGier 
univalent nitrates. Mercurous nitrate is very hygroscopic. L. Pla^ir and 
J. P. Joule 3 found the ipedflc gravity of the monohydrate to be 4*7^ at 
C. F. Gerhardt found thatigthe crystals of the monohydrate melt readily when heaUd ; 
J. Lefort gave 70° for the mal ting poini According to J. Ijcfort, the monohydrate 
slowly loses all its water when exposed to the aif , and rapidly in vacuo ower stdpbttrio 
acid. The crystals of the hydrate effloresce slightly in air. vThe salt decompcMMi 
into nitrogen peroxide and mercuric oafide when heated to^a higher tetnp. 
F. Canzoneri found from the lowering of the firMBlIg point of'iollimil in du. 
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nitnc acid a value corresponding with the mol. Hg 2 (^^a) 2 > HgNOj ; 

but A. Ogg showed that too much confidence should not be pJacec} on this result 
hf^cause of the ionizAtion of the solufii^ With the anhydrous salt, P. W. Bridgman 
could detect no signs of a transition ihto another form at temp, between 20° and 90°, 
and at higher tomp. the salt decomposes. The monohydrate probably has a 
transition at 20° ana HtXJO kgrms. per rfq.'cni. press. R. Varet gave for the^heat o! 
formation, 2Hgu., - 2 Hg 5 ,(X 03 ),^ ‘jH^Ogoud+fi^A Cals. ; and 

J. Thomsen gave (2Hg, 0, ) -47‘99 Cals, ; and (HgjjO, 2 HN 03 ^.)= 5'79 

(Jals. K. Varet gave for the heat o! solution of HgijfXOg)!. 211^.0 in dil. nitric acid, 
"-12 4 Cals, P. T. Muller and E. Carriere found the mean specific retraction of 
Sf)ln. of mercurous nitrate in O’iiJV- to POoiV-HNO.^ in yellow light, to be0'0843, i.e. 
about 7'8 per cent, greater than that of mercuric nitrate ; the specific dispersion is 
about 10*5 per cent, greaOT, being 0*(KU)3. C, Schaefer and M. Schubert investigated 
the infra-red spectrum of mercury nitrak*. A. Ogg found the mol. conductivity, 
A, of soln. of mercurous nitrate m iiuTca.scs 34 |A*r rent, when v, the 

number of litres of soln. per mol. of salt, changes from n to 2.^). At 18' ; 

V .. 5 9 16 .'»2 70 * • 130 226 

A/ 10’ . 61 85 63 72 64-87 66-60 42-25 04 80 69-68 

W. Reinders found that mercurous nitrak is not so strongly ionized as silver nitrate 
in a(]. soln. A. Ogg also found that the decomposition volti^es of soln. of mercurous 
nitrate are nearly t lu' same us those of .soln. of sdv<T nitrate E. Bouty has measured 
the electromotive force of soln. of mercurous nitrate. R. Behrcnd measured the 
e.m.f. of soln. in various organic solvents ; and E. Baurt the e.m f. between a soln. 
of merciintus nitrate and variou.s organic lirjuids 

J. von Tugoics.soff •» argued that the action of light always tends to an oxidizing 
reaction, and cit(‘d, o/m, the hdlowmg : 

Ordinary w-nting iiaper Hoaked in a sal. .soln of mi ietirouM nitrate, dried, and 
ex[)us4^d to light. .My idea was that, if th*' tw'tion of light ui<i-e an oxidi/ing ono, an 
inaoluhle home nK'renrio salt would form when' the paper was ilhitmnatod and would 
ri'main cm the paper after the unchanged mercurous mfrat*' has hwn washed out. 
The action of light produced no vii^ihle change m th*' |>aper ; hul uhi-u the paper ha<l hc'en 
washed in boiling water, the expo.se<l places as.sumed a yt'llowish colour whicli then changi'd 
to a (lark gn’y, making th(' image fairly distinct. The theory was conlirmed Under the 
action of light then* was forne'd a colourless, m.solul)l(' nv-n-iiric salt which was changed by 
a large excess of water into a yi'llow salt, HglNOj), 2HgO 11,0 This latter n'octc'd with 
th(' exce.s8 of mercurou.s nitrati' in the .soln , forming mercuric nitrate and mercurous oxide. 
The mi'rcurous oxuh' was d('Comp(»sed hy boiling \vat(*r into oxygen and rni'talhc mt'rcury. 

S. Hada found that mercurous nitrate is stalile m air if not i‘X]) 08 cd to a bright 
light. A. ('ol.son found that, at l(Kt , m pre.senci' of hydrogen, the dru'd crystals 
become yi'llow and give otT nitric oxide ; and at 100 , tlu'v absorb oxygen, and form 
mefcuric nitrate*; and .1. L. IVoust .said that a soln. of men’urou.s nitrate exposed 
to the air, ab,sorl)s oxygen, forming mercuric nitrate. A. Mailfert said that ozone 
transforms mercurous nitrate' into mereurie nitrate and a basic mercuric nitrate, and 
Y. Yamauclii that aq. soln. of mercurous nitrate arc oxidized by ozone to mercuric 
oxide and nitrate. According to S. Hada. an ai] soln. in darkness and in a ^dosed 
vessel is quite^stublc when it is free from nitrous acid, and this even in an atm. of 
iwcvgon ; there is no evidence that any mercuroiw salt, moist or in soln , is oxidizable 
in air at ordinary or moderate temp. The experiments of E. Mailhi' on the oxidiz- 
ability of wet mercurous eldondi* in air really show that it is the mercurous oxide 
which i.s oxidized, for the mercurou.s salt is deconipo.sed under these conditions into a 
basic salt. Mercurous .salts m the presence of water, or better, in soln., are oxidized 
in air or oxygen at about I.'XP. In strong light, mercuroufviitrate, moist or in soln., 
is dissociated at common temp., forming the jnercuric salt and mercury — the change 
is prodi^cd ky the reduction of itff own nitric acid ta nitrous acid. Exposure 
in an open vessel, or (o an atm. of mcrcuiy' vapour or even to ox}'gen, retanis the 
progress of the change, by keeping down the quantity of nitrous acid which otherwise 
increases with* time. An atm. of carbon dioxide does not impede the change. 
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Mercurouft mtraio i« n*adily chanjl^d to moifurie iiitrato and nitrile when kept in 
soln. at 15() under preaa. J. L. Prouat knew that on a aoln. of nien'urous 

nitrate, mercury in volatiliml with the gteaip ; H. Hose also* stated that when 
inercuroufl nitrate is continuously lH)iled with water, it is converted into mercuric 
nitrate and fliercury, but he wrongly thought that the insoluble salt formed when 
mercurpn^ nitrate is treated with water, viaitaiin'd Iwith ineit'ury and inercuric 
nitrate. The dissociation of mercurous nitrate noted bv J. L. l^roust was shown 
by S. Hada to proceed at lower temp., even to a ineasurtible extent at 40'’, providtsi 
that the mercury vajiour is .carried awav bv a current of air. 

According to J. L.* Proust, and P. tiroiuelle, mercurous nitrate dissolves com- 
pletely in a small proportion of warm Wftt6r» but witii a larger proportion of water, 
the salt is hydrolyzed, forming an acid soln. ami an insoliihle hjisic salt, which 
contains less nitrate ainl more oxide the greater the jiroportion of water, until 
finally A. J. Cox found mercuric oxi<h' alone remained Men unms nitrate is com- 
pletely soluble in wat^T acnlitied with nitric acid ; and A. J Cox found that at least 
2 lt'j A^-HN03 is necessary at 2o to maintain the mercurous nitrate* in stilii. The 
soln. of mercury ii> coli/ dil. nitric ai'id or of menuroiis nitrate in dil nitric a<‘id is 
t he fiolulio mercuTw frujuir /kWu - soln of m.'rcury pn^pared in the cold. A. Lihavius, 
and J. L. Proust nu'ntioiied tliat if the skm he wetted with this wtin. and e.\}H)sed to 
light, a purple stain appears which finally becomes lilack. 

When a soln. of luercurous nitrate is tri*ated with chlorine» H Hager found that 
mercurous ehlonde, and mercuric nitrate' are formed ; and H Vand, that the nitric 
acid of mercurous nitrate. i%diM>lHe«*d hy hydrogen chloride, C. (». Mitscherlich 
found that when mercurous iiitTate is triturated with sodiuiu chloride, and th« 
niix'ture extraet<'d with water, the filtrate cttntain.s neither free acid nor mercury ; 
insoluble mereuroiis chloride and staliiim nitrate are formed .1 Mvers found 

mercurous nitrate is reiluced to mercury by potassium hydrosulphidb. b V Hrugna- 
telli found tliat when project^'d on red-hot carbon, meifunjiis nitrate detonates 
feehly but with a briglit Hame. C. W. S« heele ohhcrveil that wlieii nuTcuroiw 
nitrate is treated with hydrocyanic acid, metallK- niereury a}))tear8 ; F. John said 
that mercuric evanide is simultanetuisly forme<l, and j^I. H l)es<'hamps that soluble 
mercuric cyanide, ammonium nitrate, and carbonate are forme«i H Varet fiuind 
tliat the nitric acid is displaced from inercuroUH nitrate hy liytlrogen « vanide. 
Cl. ('. Wittstein obtained a whit(‘ g<‘lutinouK precipitate^ with potassium ferrocytuido, 
and a hrown ])reci])itnte witli potassium ferricyanide ; H. Arctowsky noted that 
mercurous nitrate dissolves appreciulily in boiling carbon disulphide. A. Naiimami 
said tliat mercurous nitrate is slightly sofiible* m benzonitrile ; and H. 1). Ciibbs 
that liquid methylamine colours tlie salt black and dissolves it. L IVsei found 
that when mercurous nitrate is treate‘<l witli ammonia gas, mercury is formed. 
K. C^ Franklin and C!. A. Kraus found that the salt is insoluble m iiduid anmumifl ; 
and H, Hagi^r, that a glass rod moistened* w it li a soln of mercurous nitrate held in 
ammonia vajtour, forms a white film which later becomes black A. F d(> Fourcroy 
noted that aij. ammonia gives a grey ]>rc<*ipitate* witli mercurous nitrate. W. IteuHS 
obtainotl w*hite crystals of what hie regardcel iw octedivdrated mercUTOUS hydro- 
peDtanitraie, 4HgN()3.HN03.Hl{20. by evaporating the mother Ipjnid remaining 
after the separation of the basic 10 ; 9 : 19 salt ; and yellow* erysUls of the acJd, 
salt 5HgN03.3HN03, 20112(1 from the mother li(juid remaining after the siqiaration 
of the basic 8 ; o ; 11 salt. L. V. Hrugnatelli found that a mixture of phofpfaomt 
and mercurous nitrate detonates violently when strm k w ith a hot hammer. H. Rose 
obtained a black precipitate by passing phosphine into a soln of mercurous nitrate. 

G. Denigea used mercurous nitrate as a mu ro chemical test for ATSenic ; and 

H. Rosenhaupt used it for producing bronze effects on metals. Acconling to A. Cm, 

finely-divided silver pn'cipiidtes mcreury from esoln. of mercurous nitmte*, {jnd tkie 
amalgamates with the silver. ^ . 

8. H^inemann * deecribed a product formetf by the w!tion of a eold very dil, soln. of 
mercurous nitrate, as free as f>ossible from an «x(*ess of nitric ar’id and of nicrcurtc nitrate, 
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of a aq. or alcoholic 4i>hL of ammonia added ywy andnallv 

^^P^^JPi^^^wquicldywaehedonamterbymaani^Io^PwSS^ 

CThL^^Z P**^*"' “l?Wed in darkneee at ordinary temp.^«SlX^ 
C O phannacopmiaa^lmdl^wu^ 

B«r T W.^imenhirtz. R. Brandee, G. Stein and J. A. W BOo^ 

^ J. 8. F. P^^techer, O. H. Stolze, A. M. Ploischl, A. Dufloe, A. MonJteinL ote ^ 
RT^Snah-black powder haa bcwsn called mercuruts soluhilU Hahnemanni or Hahns, 
rnercury According to A. Dufloe. when Hahnerlm^^J^^^fa'oSSSd 
heated 'in a m^ury and a basic mercuric nitrate ; and when 

j. A. w BiichL the ^zzz 

=2:£Si9iF““‘"~ 

i» formcHl with cold hyJnrhtor,,frhr‘““oSg"lo ( T^bS '^’’^T rdT “'"’*“"2 
anti ffioui)eiran, as bafiic morciirio aimnuiiium nitrAt^ t' w r j l i* • * 

.«..uhrebe.i.M„erJ:™;::ilnrrL;t™^^ 

with eoln. of einmouiun. chloride, .uinhefe or ni Ireto o^ ■ irird 

mZ' Wo‘Vatr'^'‘,Z'^z 

p-5S’r;*SHiiiS:“ 

Joi Li‘.ri^ Td 

httlo inorctiry. Another old inotlicinal preparation, called fnvrrunus nnfrit^ ® 

but givce off a small quantity ot carbon dioxide when treated with acids. 

nitiii^'ovu'*,S;'!'''u''v7.'' TOlI''''"" cT>etal« of ammonium mMcuroM ■ 

pirate, -NH^NOj.ilgNOj, or (Mi 4 )sHK(N 03 ),, by evaporating a niixed aoln of 
aiymomum anj) mercurous nitrates. ('. F. Uammelsliert- (oun.l the rhLbic 'bi- 
pyramids have axial ratios n.h: c=--()-6<l24 : 1 : 0-3649. The aq. aoln gives a grev 
juvcipitate with an nq. aoln. of ammonia, or jiotassium carbonate ; th'e^precipS 

?» JCbtoJrrA ~ 

Tto bade mwenrotu Ilitr^.-The hydrolysis of normal mercurous nitrato 
•by TOter results m tlie formation of a basic salt and an aeidie soln The various 

tbr.^^»rt t*^'"f'“’‘*'’" ’“"'•■'‘y «f ‘he prtMluet is dependent on 

the quantity water, on the temp., and on the time the reacting components are 

«Vt?ni!2[toth^' "‘7 *'‘® ''>y8‘«lli“tion ia directly nro- 

portional to the nnmlwr of salt-forming atoma of mercury in the product ; that &rt 

thirt tht h !*'** "y''‘*."'“ *“ ‘h'* rhombto system, a fewon the monoclinic system ; 
s^H •*iL*r?«dih' •'hemical and physical infliienees better than the Lrmal 
thaVthe w»r ^ “““ "®™“! basic salts do not. smell of nitric acid ; and 

or hett i ^ oryotolliMtion usually remains when the salt is exposed to the air 

hydroVis She mereX sfl’te 
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According to A. J. Cox, the vnercurouB nitrates which can be formed in tq. 
■oin. monohydrate, HgNQg.HtO, in colourless crystals ; white pulvenileftt 

5Hg2O.3N2O5.2H2O ; a dirty-white pr^uct between 3Hg20.N205 and 2Hg20.N202, 
but whose existence is uncertain since it has libt been isolated, though it appears to 
be formed by the hydrolysis pf 



mercurous nitrate at 12^; a 
produCt^iarker than the preced- 
ing, 2Hg20.N205 ; yellowish- 
green 3Hg2O.N2O5.2H2O, whose 
existence is certain but whose 
composition is not definitely 
known. The results are shown 
graphically in Fig. 39 , where 
the ordinates represent the 
number of mols of (H, HglNOa 
per litre of soln., and the 
abscissiD, the inciyased basicity 
X of the solid phase *1UH^N03 
— a:N205. The greenish-yellow 
basic salt, 3Hg2O.N2O5.2H2O, 
or 2Hg20.2HgN03,2H20, or 
2Hg0H.HgN03, monohydrated mercurous dioxynitmte, was pnpared by A. J. Oox 
by the hydrolysis of mercurous nitrate at 25 "^ ; an acid cone, of at least 
U* 0 () 17 iV-HN 03 IS necessary. The salt decomjK»ses at A. J. Cox found an 
acid cone, of at least 0 ll(JiV'HN03 at 25 " to Ik* nei-essary for the formation of 
mercurous oxydinitrate, Hg2O.2HgN08 ; but the compound was not isolattHl— 
vide Fig. 39 . * , 


Fio. 3ft Hiwic Mf'rcurtnw NitraU^s. 


C. F. Gorhordt’s eoiut-mirale H('-iiqx4mercurfur hail the composition 3Hg|0.2N|0|.ll|0, or 
Hg,0.4HgN0,.H,0, or HgOH.L’HgNO,, mercuroui hydroxydlnltrsls. C. G. Milscherlioh 
prepared colourless priKniatic crystals of this salt by leaving luercurouH nitrate in the aoki 
mother liquid in which it was prepared until the crystals have dissolved and boon roiilaoed 
by the crystals of the ni’w salt ; and by heating merdurous oxide with dll. nitric acid. 
C. G. Mitacherlich found the crystals obtain(‘d by these two proceases are diiTerenl, and henoo 
stated that the salt is diruorphous ; but C. F. Gerhardt showed that this is a mistake beoauM 
tne second process furnishes crystals of 6Hg,0.3N,0*.2H,(). The salt was also made by 
J. C. G. de Alarignac, C. F. Gerhardt, J. Ix'fort, and L. Moilhc. While C. G. MiUcbarliohfl 
analysis corresponds with the ratio HggO : N.O, : : 2 : 3, that of C. F. Gerhardi'e 

corresponds with 3:2:1; that of J. Ufort, whh 3; 2 : 2i ; and that of J. C. G. do ilarignao’a 
with 4:3: \~vtdf. infra. K. J. Kouo believed the salt U> Ijo a mixture of nonnal meroutoui 
nitrate with the 2:1:1 salt. 


R. J. Kane prepared monohydrated mercurous oxydinitrate. Hg/).2HgN02.I^0, 
t.c. mercurous hydroxynitrate, HOUg HgNOj, called nUrotu turpdk. 
C. F. Gerhardt called it aous-niiraU hiwercureui ; and J. Lsdort’s analyaU corre* 
sponded with 2Hg2O.N2O5.2H2O, but hj» preparation was jirobably not well 
enougji dried. This basic salt is obtain(‘d by washing basic ui normal mercurous 
nitrate with cold water until it has acquired a yellow colour. The hydrolysis w 
more quickly produced by boiling water, but the action must be stopi/ed as soon 
as a grey coloration appears owing to the wparation of mercury ; the reaction il 
also hastened by a little potassium hydroxide, but the product is then more impure* 
The grey powder obtained by M. Donovan by treating this salt with a som* of 
polhssium hydroxide is not a basic salt, but a mixture of the yellow «ait with 
mercurous oxide. R. J. Kane also prepared the yellow salt in needle-like crystids 
when a soln. of mercur^ nitiate is allowed to stand a long time over mercury. 
According to J. C. G. de M^ignac, one part of hpwdered mercurous nitrate is sgitutra 
with ten parts of boiling water ; and the yellow powder is washed deCantation 
with cold water. It should be drie 4 in ^rkness. V. C. Ray obtained this lalt 
from mercurous nitrite which he found to change into mercurk qitrite, whu^ is 
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FBAdiiy^ hydrolyzed, forming mercuric hydroxynii'rate which reacts with mercurous 
nitrate, forming mercurous hydroxynitrite ; 2Hg2(N0a)2+3Hg-j-Hg(N02)2-H2H20 
» 2 N 0 ^ 4 (H 0 Hg.HgN 03 ). When this salt is heated, it gives dfl red vapours 
containing some nitric acid, and* Mercuric oxide remains. R. J. Kane, and 
J. C, G, de Marignac noted that it is gradually blackened when boiled^with water ; 
the water afterwards contains some meccuric nitrate, 

J. C. G. de Marujnac prepared 5Hg2O.3N2O5.2H2O, or 4(H0Hg.HgN03).‘2HgN0jj, 
or 2Hg0H..')HgN03, mercurous dihydroxytrimtrate, by boiling for many hours 
with mercuiy the .soln. or the mother liquid remaining after the preparation of 
mercurous nitrat<* or of the basic nitrate, 4Hg2O.3N2O5.H2O, replacing the water 
as it evaporates ; and hIho by leaving the two last-named salts in contact with 
their mother liquids and mercury at ordinary temp. C. F. Gerhardt made it by 
suspending nu-reurous nitrate* in a little water which was heated to the b.p. and 
allowed to eool ; L.Pesci, hy allowing a .soln. of inereiirous nitrate with the smallest 
possible quantity of nitric acid to stand in an atm. containing some ammonia gas ; 
J. Ijcfort, by evaporating to dryness tlu‘ soln. obtained by the action of cone, nitric 
acid on mercury, and e.vtraeting the prodm t with boiling w'ater ; by mixing a 
soln, of mercurous nitrate with jiotaHsium hydrocurbonate until a precipitate 
is proiiueed, and allowing the clear li(juid to crystallize by evaporation ; and 
also by heating dil. nitric aei<l to 40'"- 80“' in contact with mercury for a long 
time ; A. J. Cox, hy the hydrolysis of a soln. of mercurous nitrate at 25°, Fig. .'19, 
and he showed that an acid cone, of at least 0 2y3N-HNO;j is necesHury for its 
existence in soln. ; and 1*. 0. Kay, hy the slow action of dil. nitric acid on mercurous 
nitrite, and hy the hydrolysis of a soln. of mercif.ous* nitrite. There has been a 
controversy as to the exact composition of this salt ; J. C. G. de Marignac gave the 
ratio HgoO : N2O5 : H2O as 5 : .3 : 2. ('. F. Gerhardt gave 2:1:1, and .1. Lefort 
^gave 2:1:2, The analyses of F, (\ Kay, and A. .1. ( 'ox agree with those of J. C.‘’G. de 
Marignac. The clear, culourless, prismatic crystals arc triclimc pinacoids with 
uxuil 5atios and angles, according to J. C. G. de Marignac. and C F, Ijiammcisherg, 
of a : b : 1 : 111K)1, and a -91“ 2', /S -lOir Id', and y 11)1" Hi'. 

According V, Kay, the crystals retain their lustre when exposed to air, or when 
eonlined ov(t conc. sulphuric aicid in vacuo. If luuitcd for about .3 lirs the crystals 
lose their water and form ,5Hg.2().3N205 ; and (hey ilecompose when rapidly heated 
t^ in an uir-batli. W. Keii.ss also reported the hydrates 5:3:2; 5:3:4; 
and 5 : 3 : ti. 

J. 0. G. de Marignac obtained tin* 4 : 3 : 1 salt, or 3HgN()3,HgOH, mercurous 
hydroxy trinitrate, by heating erystais of. mercurous nitrate with the motlier liquid 
from which they siqiarated, and an excess of mercury ; and cooling the soln. 
J. Ltdort boih'd mercury with nitric jicid of sp. gr. 1'42 diluted with 5 vols of 
wi^er for 5 or ti hrs. and rejaluced the water as* it evaporates. If the mixture* is not 
boiled long enough, the 5 : 3 : 2 salt is jirodueed. i\ V. Kay prepared the salt by 
digesting 5U grins, of mercury and 75 gnus, of iiitrie' acid of sp. gr. i’2, first cold, and 
then warm ; the croj) of crystals of mcreurosom(*reurie nitrate w hich s(*j)arates from 
the hot soln. is removed, and tin* 4:3:1 salt crystallizes out on cooling. P. G. Ray 
obtained tin* same salt by the hydrolysis of mercurous nitrate*. The crystals form 
colourless ’nee‘dle<S or prisms which, ue*cording to J. C. G. de* Marignac, are rhombic 
bipyramids with axial ratios a : 6 : c ^^11132 : 1 ;U-9255. 'riie crystals do not 
change? in air or in vae im ; hut at K)0° they become yellow, and lose water. 
J. Lefort gave the formula (5:4:3, and the're is some confusion in literature between 
this and the 3:2:1 salt, W. Keuss also dc'seribed the hydrate 4:3:5, Hud 
re|K)rted products 8:5:5; and 8:5:11, 

,, ]K£F£R£NCES. 

* T. Bergumn i». )(, F. Scheffor’s A’mwita FOrelo»myiger, Upsala, 1775; A. IJbaviug, 
Alchtmm, Fraiicofurti, 1,595; Basil Valeiitihc, Lehie^ Tettament, Hamburg, 1717; A. F. ele 
Fourcroy and LhJ. ^riithiard, Journ. fkUe 6. 312, 1809. 
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§ 35. Mercuric Nitrate 

A soln. of mercuric oitrate, Hg(N0j)2,-thc so-called solulio rrmcurii coMde 
parcUa—aohx. of mercur)’^ prepared by heat^ - of the older chcmuda, in' readily 
obtained by dissolving mercuric oxide in nitric acid ; and boiling mercury or 
mercurous nitrate with an excess of nitric acid until a drop ddutcd with water 
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BO ImigK becomes turbid when treated with %(ioIn. of sodium chloride. Rot s 
ioQg jirfifi it wfts supposed that the soln. of mercuric nitrate was uncrystalluable ; 
J. L. Proust obtained a syrupy liquid of sp. gr. 3 47, but both J. L. Proust, 
X A. W. Biichner, and C. G. Mitscjifrlich ^ showed that when the soln. is cone, by 
evaporation and cooled, it furnishes crystals of a basic salt. A similar product jb 
obtained by crystallization from the^fiftrate from a mixture of soln. of mercuric 
chloride and silver nitrate. According'*to E. M. Walton, when a dry m^ure of 
silver nitrate and mercuric fhloriUe is triturated, the product appears moist owing 
to the formation of liquid mercuric nitrate. 

N. A. E. Millon and K. Varet obtained large crystals'of h^mihydratod mOTCIlliO 
nitrate, Hg(NOa)2. jHgO, by evaporating the soln. over suljihuric acid or quicklime ; 
and the former also found that a mush of crystals is precipitated when fuming 
nitric acid is added to a soln. cone, as much as ]) 08 sible by evaporation. 
A. J. Cox prepared long transparent crystals of monohydratod merCUlic nitratO, 
Hg(N 03 ) 2 .H 20 , by saturating 50 per cent, nitric acid with commercial mercuric 
nitrate, evaporating the soln. under diminished press,, and efrying the crystals by 
press, between filttfr paper. He found that if the cone, of iree acid in the soln. is 
not less than 18 72A'HN03 at 25*^, no basic salt crystallizes* out! H. V. Regnault 
obtained clear colourless plat<‘8 of what he regarded *as octobydiated merCUliC 
nitrate, Hg(N 03)2 by cooling to --15“ a nearly neutral soln. cone, as much 
as possible by evajioration ; but N. A. E. Millon show^'d that such a soln. has less 
water than is represfuited by the octohydrate. The great hygroscopicity of the 
crystals has possibly led to erroneous conclusions being drawn from the analytical 
work ; and it has also prevented accurab^ measureq^ent^ being made* of the physical 
properties. 

The crystals of the hemihydrate are simply described by K. Varet as being 
transparent; thpse of the monoliydrate, by A. J. Cox, as being long and trans- 
parent ; and those of the^octohydrate, by II. S. Ditbui, as clear, colourless rhombic 
plates. J. W. Ketgers said that tin* specific gravity of mercuric nitrate (hemi- 
hydraU'd) is 4 '3 ; and that the melting point is 71)“. N. A. E. Miflim said that 
the crystals of the iiemihydrate are slowly decomposed giving off nitric acid when 
allowed to stand over cone, sulphuric acid. H. 8. DitUm said tliut the octohydrate 
melts in a warm room ; and A. Ditte added that after melting, it gives off water 
and nitric acid, and leaves behind a whib* powder which is decomjiosi'd by water 
into free acid and a yidlow basic nitrate. P. W. Bridgman deb'ctcd no signs of a 
transition inbi another form at 20“ and increasing ])resH. u]) to 12,(M)0 kgrms. per 
sq. cm.; ht 180“ and 1000 kgrms. .jier.sq. cm. pn'ss., the salt decomposed with 

S ’ ve violence. J. Schroder and H. Sbdner found the raising of the 
point of soln. in methyl acetate corresjioiided with the molecular weight, 
Hg(N 03 ) 2 ; E.,M. Kaoult also inferred the kirmula Hg(N 03)2 Ireeaing 

point of solutions of mercuric oxide in nitric acid. K. Varet estimated the heat 
of formation to he Hgii,,.-f ~Hg(N 03 ) 5 j.JH 20 »oii(i+b 7-4 to 

58'36 Cals., and with the precipitated oxide and dil. nitric acid : HgO-f HNOs^q. 
=Hg(N 03 ) 2 .JH 20 itrt. 4 - 7’3 (Jals. J. Thomsim gave (Hg, 0, 2HN03i^.)=3707 
Cals., and (HgO, 2 HN 03 h<,.) -f)'4 Cals. R, Varet gave for the heat of soltftion in 
dil. nitric acid,* —O’? Cal. The hydrolytic decomposition accounts for the low 
heat of soln. in spib^ of its being an endothermal n^action. S. M. Tanatar and 
L. Pissarjewsky found the heat of soln, in an aq. soln. of calcium chloride to be 
11*645 Cals., and very small in alcohol ; the heat of the reaction with an alcoholic 
soln. oftsodiuni hydroxide is 19*864 Cals. R. Varet estimated that the reduction 
of mercuric to mercurous nitrab* develops 9*9 Cals. 

According to P. T. Muller and E. Carri^re, the meaifspeoifio refraction of the 
floln. in 0'6iV- to l ObiV-HNOs in yellow light is 0*078^, and the gpedflc dispersion 
0*0057.* D. Geruez studied the Mbdumineeoence of \ihe crystals. F. Teltscber 
measured the eq. elfotrioal oondootivity. A, of aq. soln. of mercuric nitrate, and 
found for n mpU of the salt per litre : 
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. 0^3(L 0*1460 OIMO 0*3410 01610 

A . . . . 114*0 ^ 124*6 IlOO 133*6 144*6 

n-HKOt . 0*020 0*069 0*011 0*0326 0*121 

n.Hg**-ion« * . 0046 0*066 ^ 0*002 4)124 0*036 

This soheio^ also shows the estimated hydrolysis and deglM ol icvDintioa o! loln. 
of mercuric nitrate, H. N. lilorse also calculated the ionic cone, of soln, of mercurio 
nitraOe.* B. Abel agitated soln. of mercuric nitrate in O'S^-HNOj until equilibrium 
was attained, and the cone, of the mercurous ahd mercuric salts in the soln. wero 
determined on the assumption that these cone, wen* nearly proimrtional to the 
cone, of the corrtspqnding ions. The ratio [HgN03]/[Hg(N08)j] was found to be 
constant and nearly equal to 239*5 at 25“, showing that the two ions have the same 
valency, and that the reaction takes place in accord with the equation Hg *4-HK 
s=Hg'Hg’, where the mercurous ion consists of two atoms. H. Varet also assumed 
that soln.’ of mercuric nitrate in dil. nitric acid contained neither an acid nor a 
basic salt. H. N. Morw^ studied the transport numbers. 

Some chemical 'properties o! mercuric nitrate.— V. H. Veley * fomul that 
mercuric nitrate is ruduced to mercurous nitrate by hydrogen. The hydrolytic 
action of water Kas l)*een iiidicated above, and it is further discussed m connection 
with basic salts. W. SieVers found that with chlorine, hypochlorous and nitric 
acida, and mercuric chloride are formed ; and that bromine acite airndwly A^rd- 
inK to J Spillcr, bromine has no action on mcrcuroua salts. H. Saha and K, N. Ohoud- 
htii obtained a black substance by the action of aq. ammonU -wde the morcupr 
ammonium nitrates. E. C. FrankUn and C. A Kraua found iwrcuric nitrate to 
be readily soluble in liquid ammonia; V. H. Veley found ^Wo Olite reduoM 
ajoln. of mercuric nitrate like hydrogen, and E. Divers and 1. Haga, that nitric 
oiide, or an alkaU nitrite, furnishes hydroxylaiiime. A. Ditto found that mono- 
hvdtated nitric acid dissolves no octohydrated mercuric nitrate in the cold, and but 
tr-Uis when heated ; H. Rose obtained a yellow precuntato by pasBing phOip^ 
into a soln. of mercuric nitrate ; the yellow precipitate then became white. 
When washed in water and dried over sulphuric acid, the yellow colour was rcstowd. 
The composition is P,Hg,.6Hg0.3N,0,. The compound explodes when heated or 
bv perciwion. B. E. Howard showeil that hypophogplwroM add reduce the 
Jit ’^violently to the metal ; and H. Erdmann and P. Kothner, that aOCWCM 
gives with am soln. of mercuric nitrate a white erystallmc precipitate which agam 
givesoft acetylene when boiled with dil. acids, and when lieated or treated with cono. 
flhuric acid, an explosion occurs; J. Se^hroder reported that mercuric n^ 
w soluble in pyridine ; w. Eidmann, in jnethylal ; and A. Naumann, m aootOM. 
0 C. Wittstein obtained a white precipitate with ^taisnm bmuffanidc, and a 
yeUow precipitate withpotagriumlemcyamde. R. CWper found that a eomj^, 
Jr R Hff O is formed when mercuric nitrate w treated with UtH^loL 

^h^Tffi'of m^remirnitrate is added to ordinary alcohol, talin^ 

with the empirical formula HgC,N,0„ is obtained ; si ver nitrate furn»h« a 
oorreaponding*^ fulmiwUe. AgCNO. The various modes of formation of ^ 
salts— principally ita spontaneous forniatioii froiii isonitroiiiethane, (CH,)O.NO.Hg, 
at O'”; and from formylchloridc oxime. H(U)C: NOH, by the action of sdvet 
nitrato-and its reaction with dil. hydrochloric acid, whereby h^rogeir cyanide » 
formed, have led to the view that the fulminates are wits of monoWic/ufmmm oi^, 
HO— N=C, silver fulminate thus becomes AgO-N=C. and mercuric fuli^ti^ 
EfofONC).. The decomposition of mercury fulmimte has bMU studied by 
A Lamthans. Many complex compounds of mereunc nitrate with othw organic 
compouuda-dimethylethylcne, trimethyl carbinol, iajicylic acri, urea thio^, 
. ^ 1 n H. Tjaioux and A. Grandval, C. J. Lintriar. 


«: «rand;.l,. C. J. Linfoer; 

H Byasson, J. i ReynoI4s, etc. According to W. Elite and F. Zimmerm^, a 
«>iii.^erenrio nitrate Colours the freshly precipitated hjidn^ of beryUirt, 
cadmium, lead, and erbium hydroxides, yellowsihTed ; those of lae, 
slSunium, manganese, lanthanum, praseodymium, and neodynimm, yellow; 
voi. nr. * 
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while those of indium, zirconium, antimony, and bismuth gave no coloration. 
H. N. Morse has studied the solubility of the silver halides in aq. soln. of mensurio 
nitrate ; H. Debray and H. W. F. Wackenroder found that silver chloride, hromideb 
and iodide, and mercurous chlorido*are readily dissolved ; and J. Schlesinger, 
and H. W. F. Wackenroder found that mercurous cl^Oride, hromide, and iodide, 
meronrio iodide, and silver cyanide. Jmd thiocyanate are readily dissolved. 
J. W. Ketgers found molt^m mercuric acetate dissolves but little mercuric nitrate. 

The basic compounds o! mercuric nitrate.— G. F. Hildebrandt* reported 
that some of the products formerly described, though basic, appear to react acid 
to litmus, K. Thiiiiirtud obsi^rved that the hydrolysis of rrtercuric nitrate progresses 
furth«?r the greater the proportion of water employed. G. Watson represented 

them not as compounds of normal salt 
and base, but as derivatives of orthonitric 
acid. R. J. Kane, and P. Grouvelle re- 
ported sev(Tal yellow basic salts which 
were j^robahly mixtures. A. J. Cox in- 
vestigated the various mercuric nitrates 
which can be fctfmcd in*aq. soln. at 25°. 
The results are shown graphically in 
Fig. 40, when the ordinates represent the 
numlHT of mols of (H, Hgj)NOg per litre 
of soln,, and the ai)scissa; the increased 
basicity x of the solid phase 5Hg(N03)2 
--jN20fi. #A. 3. (.’ox found only mer- 
curic dioxynitrate, 2]lgO.Hg(N()3)2, to 
be formed in aq. soln. The limits of 
<’xistence an* with soln. betf,vcen 
IH’TIoxY-HNOg and O loDA'-llNOj at 25° ; 
and 17!K3()A’-I1N()3 and OKlGA-HNOg 
at 15". It was washed with dil. nitric 
acid, press<'d between filter ])aper, and dried in air at 5)5". N. A. K. Millon 
obtained the same product <lrying his monohydrate at 12() . The heavy 
whit4' ])owder was found by N. A. K. Millon to begin to deeomjiose at 2(50°, and 
the decomposition is vigorous at the b.p. of mercury. Wlum continuously w^ashed 
with cold w'ater for some time, it. appears pale pink, ami th(' colour gradually 
deepens and approaches that of red mercuric oxide ; boiling water acts more rapidly 
forming mcn'uric. oxide, as was also noted l^v L. V. Brugnatelli and 0. (4. Mitscherlich. 
R. J. Kaiu', and J. Murray said that long boiling docs not yield nu'rcuric oxide 
alone ; .1. W. Dobereiner also obtained a very small yield of the oxide. 

N. A. E. Milloi> found an aip soln. of alkali sulphate converts it into the basic 
sulphate ; alkali cliloride, forms a basic chloride ; and alkali chromate, a basic 
chromate. N. A. E. Millon, and R. Varet claimed to have made the monohydratcd 
mercuric dioxynitrate, 2Hg().Hg(NOj,)2.Hi5G, by washing the basic nitrates 
Hg(4.Hg(N0;,)2 H2O, or the normal nitrate with cold water. The former also 
obtained it by lu'ating mercuric nitrate until it forms a pulverulent white "mass, 
washing 7-B times with cold water, and drying over sulphuric acid. It was claimed 
that 2‘62 ^»er cent, of water is lost at 120°. R. Varet gave for the heat of formation 
with precipitated mercuric oxide, 3Hg0+2HN03dii.— 3llg0.N205.H20,oiid+15’45 
Cals. ; and IIgO,N2Ofi.iir2()«„,u,-f2HgO+iH2G--3HgO.N2G5.H2O«,„d-}-8 092 Cak 
N. A. E. Millon reported monohydrated mercuric oxynitratc, HgO.HgfNOajj.HgO, 
to he formed by saturating nitric acid of sp. gr. 1’45 with mercuric oxide ; and adso 
by digesting yellow mercuric oxide for 50 days w'ith an efeess of an acidified soln. 
of mercuric nitrati*. A. Mailhe alsoobtaimM it by the,^ction of cupric hydroxide, 
4CUO.H2O, or CUO.H2O, or of nickel hydroxide, or cafnonate on a cold soln. of 
mercuric nitrate ; ’ailU also in clinorhombic prisms or plates by crystallization 
from cold sat. ^oki. of mercuric oxide iii a soln. of uranyl nitrate, or in hot soln. of 
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alaminium nitrate, or ferric nitra^. It appears either as a yellow crystalline jwwder 
or in monoclinic prisms. It is possible that this salt is reallv the dihv<irat«, 
Hg 0 .Hg(N 03 ) 2 * 2 Ho 0 , or HO.Hg.NOj.lHgO, obtained by Miteoherlwh by 

evaporating and cooling an acidified 8 oln.* 4 )f mercuric nitrate. Aeconling to 
J. C, G. de«Marignac, and C. Jf. Uarnmels^K'rg, the crystals arc rhombic bipyramids 
with axial ratios a :b: c— 0-6970 : 1 : 0-5186* M. Dt)novan. and H. J. Kane found 
that rtift compound decomposes on exposure to ipoist air. The latter also obtained 
a yellow basic nitrate, SHgO.NgOg.IlgO, and men uric oxide when treated with 
cold water, and finally, according to 0. 0. Mitacherlich, mercuric oxiih‘ alone. 
The aq. extract, baid K. X Kane, furnishes the original salt when evaporated and 
cooled. C. G. Mitscherlich found that the salt decomposes when heated into 
nitric acid and mercuric oxide, and, when triturated witli sodium chloruli* and 
then with water, soluble mercuri(' chloride and an iiisolubh* reil oxychloride ar<^ 
formed. This basic nitrate dissolves in nitric acid. 11. H, Dilten (‘laimed to have 
obtained colourless . needle-like crystals of a tnhydrate, Hg 0 .Hg(N 03 ) 2 . 3 H 2 G, 
from the liquid obtained by melting ocfohydrated men uric nitrate. K. Thiimniel 
prepared a basic jnitrgfte, HgO.Hg(N() 3 ). 2 , with an undetermined amount of water, 
by adding sodium carhont^tc or hydro<*arbonate to a soln. of mercuric nitrati'. 

B. Finzi found that freshly precipitaU'd silver chloride is soluble in an aij. soln. 
of mercuric sulphate. The solubility increases (but not m proportion) with the 
amount of mercuric salt pn'sent, but it is increase<l more by dilution, so that the 
grcat(‘st amount of silver chloride is dissolved by a large excess (»f mercuric salt at 
considerable dilution. AVj^cn to such a soln hydrochlorn* acid is added in (jnantity 
eq. to the silver present, the ^netal is not all precipitated. Tin* soln. pndiably 
cemtains silver mercuric sulphatochloride. Similar results are obtained wlnm 
hydrochloric acid is addl'd to a soln. of silver sulphat-e and mcri’uric sulphate. 
The ‘soln. probably contains silver mercuric sulphate. Tlie •ammmt of silver 
chloride remaining dissolved increases with the amount <4 mercury present, but not 
proportionately. When the jirecipitated silver chloride lias biM'ii iilt 4 *red, the 
filtrati^ gives a further jireeijiitate with hydrochloric acid or chlorides, and with 
silver nitrate, whilst sulphates, nitrates, and alkali acetat<*s cause no jirccipitation. 
Silver mercuric nitrate and acetate havi* been similarly made. Similar phenomena 
have been observed with the mercuric nitrat/<*s and aci-tates. Yi'llow mercuric 
oxide dissolves in warm soln. of silver nitrate, sulphate, or acetate. A iKiiling soln. 
of silver sulphate, sat. in the cold, treated with yellow mereurii-, oxide until no 
more dissolves. The filten*d soln. deposits small rhombic tablets of jiale yellow 
silver mercuric oxysulphate, Ag 2 S 04 .HgO; ’a 2 ;V-B<)ln. of silver nitrate, similarly 
treated, gives tuft^ of acicular crystals of n*ddish-yellow silver mercunc OZynitTAte* 
AgN 08 . 2 Hg 0 ; and a hot almost sat. soln. of cupric nitrate, similarly tn'ated, gives 
cupric mercuric ozsmitrate, Cu(N 03 ’) 2 .Hg(> ‘IH 2 O, in pah* blue aeimilar erystali# 

Complei salts with mercuric nitrate. -There are some mixed basu; nitrates 
which appear to contain both mercurous and incrciinc oxides. F. Tcltscher* 
measured the jioteutial of mixed soln.. of the two nitraU's. P. C. Kay regards 
many^of these mixed basic salts as containing the group llO.Hg.jNOg analogous 
with *Hg' 2 (N 03 ) 2 . He obtained a basic salt with the em])irieal c qnqiosition, 
2 Hg 2 O.HgO.N 2 O 5 .H 2 O, whi< h can be regarded as an ozymerbuTOsic hydroiy- 
nitrate, Hg 0 . 2 (H 0 .Hg 2 N 03 ). It V\as at first thought that this compound was a 
nitrite, but it was later shown to be a nitrate. This salt was prepared in orange- 
yellow crystalline masses by the evaporation of the mother liquor obtained in the 
preparation of mercurous nitrite : 4 HgN 02 -f Hg(N 02)2 f H 20 -"^ 4 N 0 -f 4 fgf). 2 Hgj 0 . 
N 2 O 5 .H 2 O. P. C. Ray ^ also prepared a si*cond oxymewmrosic hydroxynitrate, 
Hg 0 (H 0 .Hg-.N 03 )(H 0 .lIg* 2 .N 03 ) the former was designat<*d the a-salt, and the 
latter the jS-salt. The latj 4 »r was obtained fripn the mother liquor re^iaining after 
the preparation of mercurous nitrite ; by evaporating soln. of mercury in nitric 
acid, sp. gr. I ll to 1-2 at 35° ; at 22°, thq basic mercurous titrate; 4 Hg 20 . 3 N 206 . 
HjO, is formed. * 
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H. Fiirth reported a mercnroiio oipitnto, HgO.Hg.NQg, to be formed when 
acetamide is treated with mercurous nitrate, or when a soln. of yellow meravio 
oxide in an aq. soln. ef mercurous nitrate is boiled until its colour becMftnes yellowish- 
green. C. F. Gerhardt, and T, Brooltf^repared a substance with the same ultin^te 
composition by dissolving 2 parts of mercury completely in 3 parts of Ixnling nitric 
acid of sp. gr. 1*2 ; and C. F. Gerhardt m^de it by melting mercurous nitrate where- 
by nitric oxide is given off. According to T. Brooks, the yellow jwwder decrepitates 
at 100°, and becomes dark y(dlow,*l)ut the colour becomes paler on cooling. Very 
little change occurs at 21X)°, red vapours are given off at 260°, and it becomes dark 
red, at a higher t<imp., when mercuric oxide is formed. It becomes brownish-red 
when triturated with sodium chloride, and wat(‘r extracts some mercuric chloride 
from the mass. When boiled with water and exposed to air, the mercurous 
nitrate is oxidized to mercuric oxide and niercury, but if air be excluded, some 
mercuric nitrate and a trace of mercurous nitrat<^ dissolve, and the insoluble residue 
contains both oxides ; and when digested with barium carljqnate and water, all 
the nitric acid appears in the aq. soln. H. Fiirth found that his product is 
blackened with ammonia ; and it gives off no ammonia when^ digested with a 
soln. of sodium sulphide and hydroxide. • 

H. Bose 6 and D. Vitali made mercuric nitratodisulphide, Hg(N03)2.2HgS, by 
passing insufficient hydrogen sulphide into a soln. of mercuric nitrate, to precipi- 
tate all the mercury as sulphide. Tim jinuupitate was quickly washed with cold 
water. N. Tarugi added thioacetic acid to a cold soln. of mercuric nitrate ; 
extracted the washed and dried precijiitak with carbon disulphide ; and dried the 
product in vacuo. C. Barfoed made it by treating the pVcipitate obtained by the 
action of hydrogen Hul])bide on a mercurous salt, with a soln. of mercuric nitrate, 
or with cold fuming nitric acid, or hot dil. nitric acid ; or, according to J. L. Bowe, 
with boiling acid •of sp, gr. 1'42 and a drop of dil. hydrochloric acid (1 : 3)? If 
10 drops of hydrochloric acid is added, the whole is dissolved. Only a trace of 
sulphuric acid, but much mercuric nitraU;, is produc(‘d. The product is washed 
until free from acid, and dried first at 4()°-r>()°, and then at 1(K)°. K. Heumann 
treated cinnabar containing free mercury with dil. nitric acid ; R. Palm digested 
black mercuric sulphide with a'soln. of mercuric nitrate ; R. Palm also treated a 
soln. of black mercuric sulphide in one of mercuric acetate with nitric acid or an 
alkali nitrate' ; and N. Tarugi treated mercuric thioacetato with warm cone, nitric 
acid. The nitratodisulphido is a white powder \yhich when heakd in a tube was 
found by H. Rose to dtmonqmse into nitrous fumes, sulphur trioxide, mercury, and 
mercuric sulphid«‘. When boiled w'itb water, 0. Barfoed found it to acquire a grey 
colour, but very little dissolves ; he also stated that it dissolves in hydrochloric 
acid, with the evolution of nitric oxide, the separation of sulphur, and the formation 
of sulphuric acick H. Rose found that it is de(X)nipo8ed by hot aqua regia, forming 
sulphuric acid, and he stated that when, suspended in water, and treated with 
hydrogen sulphide, it is converted into mercuric sulphide and nitric acid. According 
to C. Barfoed, when heaU'd with sulphuric acid, of sp. gr. 1'84, it gives off sulphur 
dioxide, and is transformed into mercuric sulphate ; if the sulphuric acid contains 
a little water, nitri(’ acid and no sulphur dioxide are formed—mercuric sufphato 
and sulphide arc produced, N. Tarugi found that the nitratodisulphido is blackened 
by ammonia. H. Rose said that it is not decomposed by nitric acid ; N. Tarugi, 
that it is slightly decomposed ; and J. L. Howe, that it dissolves if the nitric acid 
contains a small proportion of hydrochloric acid. According to K. Haack, cold 
soln. of 8t)dMim hydrophosphate or hydroarseuate act slowly on merciiric sulphato- 
disulphide, and hot soln. form black mercuric sulphide ; it is also decompe^d by 
phosphoric and arsenic acids, and by sodium dihydrdjjhosphate and dihydro- 
arseuato. H.^ Rose said that cold /iq. solh. of the alkali carbonates gradually 
change the colour yellow and finally black ; with boiling soln., the compound ia 
blackened at once. ^ , 

F. Qramp prepUred a opinplex product Hg0.6HgS.2Hg(N0|)|.12H|0, by heating to 
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ISO” in » taalfid tube e mixture of ekmabw, or. better, the bltok tulphide with uitrio eeid 
ol 1 ^ n. 1*2. The white (uyetallme product luecm eeven mole weter et l&O'^. U k 
insoluble in wa4er, and in cold uitrio aoid of sp. gr. 1*2. the hot acid atUoks the product 
and i^vesa reeidue of znerounb sulphide. It is Recomposed by a sdln. of aoilium chloride, 
forming mercuiio sulphide and chloride, and sodium nitrate and* hydroxide. It U gradually 
bladke^ by potassium bydroipde. 

C. Kosmaiui<} prepared ammtminm « mercoric nitnUotetnohloride, NH4NO1. 
2Hg(?l2, by the action of cold. cone, nitric acpl on inert^uric arnidocbloride, and 
wanning the soln. On evaporation silvery -white pUU's are formed. Water doea 
not dissolve the crystals^ but the liquid gradually iM'comes turbid ; a boiling sola, 
of potassium hydroxide gives only a little ammonia ; ether extracts much mercuric 
chloride. K. A. Hofmann and E. C. Marburg passed nitric oxide into a cold soln. 
of mercuric diammino-chloridc in absolute alcohol. The soln. is cone, by evapora* 
tion, and colourless needles of ditmmomom mercuric dinitratodichloride, 2NH4NOS. 
HgCl2, are obtained by adding methyl alcohol. The aij. soln. is strongly acid ; 
it gives ammonia when heated with potassium hydroxide ; and chlorine with hot 
sulphuric acid. ' V. Borelli did not isolate nmrcuric nitrntoohloride* NOj.Hg.CI, 
but he deduced .its aiistence from the conductivity of a soln. of mercuric nitrate 
containing mercuric chldiride. H. N. Morse obtained mCTOUlio nitrtiobroillidbi 
NOs-Hg.Br, from a soln. of the component salts. V. Borelli obtained what he 
regarded as crystals of mercuric nitratoiodide by cooling a cone. soln. of mercuric 
chloratoiodide in cone, nitric acid. The 1 : 1 iodide, Hg(N03)2.Hgl2»orN(>5j'Hg.I, 
was prepared by J. Preuss by mixing a boiling soln. of nien*uric nitrate of sp. gr. 
1*35 with enough nitric.^acid to prevent it becoming turbid in wator, and an 
excess of iodine, when whit»? tabular crystals separate on cooling ; W. Bievers 
used mercuric iodide in place of iodine. A. Souville, C. H. Hirzel, K. Kraut, 
treated a soln. of mercurous or mercuric iodide with hot nitric acid ; half the 
iodme volatilizes, some nitrous fumes are, evolved, and the crystals were pressed 
between paper since they are decoun>osed by washii^ witli wator or alcohol—" 
E. Riegel said that tin* decomposition is leas with etlier. P. Ijemoult obtained 
crj'stals of the same salt by the action of nitric a(‘id on nu'r<;uric iodophosphide. 
Hggl,?. The crysUls melt when heated, and give off nitrous fumes, monsuric 
iodide volatilizes, and mercuric oxide remains. The crystals are rapidly decom- 
posed by wator, forming mercuric iodide, and soluble mercuric nitrato ; A. Souville 
found that alcohol of sp. gr. 0*814 decomposes the salt ; and h. Kiegel stated that 
the decomposition is less with ether. According to J . Preuss, an aij. soln. of ammonia 
or potassium hydroxide separates mercuric oxid<‘, and ammonium or potassium 
mercuric iodide is formed. J. von Liebig* re|)ort4*d the formation of small red 
crystals of Hg(N03)2.2Hgl2 during the cooling of a boiling and filtored soln. of 
mercuric iodide with potassium nitrate. It is statod by E. Kiegel that the fwlt is 
decomposed into its components bj^ wator. By dissolving some aiercuric iodide in 
the hot tiftrate from the preceding salt, E. Kiegel claimed to have made acicular 
crystals of 2Hg(N03)2.3Hgl2, but K. Kraut failed to obtain any such salt. 

* Double salts.— H. L. Wells and H, P. Beardsley 7 believed thatcsesium mercurio 
nitrate, possibly CsNOg.HglNOalg, cxist4‘d in a soln. of the component salts; 
but they did not succeed in its isolation. K. Klinger re[x>rt4?d the formation of 
a basic salt, oaldum mercuric oxynitrate, by allowing a hot sat. «olu. of calcium 
nitrate to stand a long time in contact with red mercuric oxide. G. St&deW 
obtained white octahedral (cubic) crystals of barium meiCUTOUS OXy nitrate, 
2Ba0.2Hg20.3N205, by mixing soln. of the (H)mponent salts. The crystals aw 
colourless if product in soln. free from acid and in darkness ; in liglft 8r in acidic 
loln. the crystals haveja yellow colour, and they become greenish-brown. They 
egn be recrystallized colourless from nitric acid soln. The crystal are decomposed 
W water which abstraqia barium nitrate, ^nd leaves a yellowislj-gTecn residue, 
lie salt is very soluble in hot dil. nitric acid. The (^rrespondtng itroolllltll 
mafcoroni oxyilitlilte, 2Sr0.2Hg20.3N2Q5» wa* prepared m an analogous makner, 
and it is much more soluble than the correspondii^ barium salt? • 
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A. Mailhe obtained blue plates or prisms of hydrated caplic IlMfCIlric (HEF** 
nitrate, Cu0.Hg(N03)2.2H20, from a soln. of mercuric oxide in a warm solfi. of 
cupric nitrate ; by working with cold. soln. he obtained blue plates of the tetra- 
hydrate, Cu0.Hg(N03)2.4H20 ; andlby adding yellow mercuric oxide to a cone, 
soln. of cupric nitrate, or by cooling a bojling soln. oftinercuric oxide in* a 4 N-Boln, 
of cupric nitrate, h(; obtained a blue powder consisting of quadratic prisms or plates 
of the pentahydrato, Cu0.Hg(N()g)2.5H20. All the salts are readily decomposed 
by water with the separatian of mercuric oxide. B. Kinzi prepared pale blue 
acicular crystals of CUpric mercuric OXynitrate, which jie regarded as Cu(N03)2. 
Hg0,,'JH20, by cooling a filtered soln. obtained by boiling mercuric oxide in an almost 
sat. soln. of cu{)ric nitrate. The crystals can be ])reserved unchanged in a desiccator ; 
they lose water at 100 “ ; they are decomposed by water with the separation of 
mercuric oxide ; they are soluble in nitric, sulphuric, and hydrochloric acids. The 
aq. Sfdn. gives the characteristic reactions of mercuric and cupric salts, and when 
treated with jotassium hydroxide, it becomes green without the separation of 
mercuric or cupric oxide. The addition of aq. ammonia forms' an intense blue 
soln., and a white powder of ammonium mercuric nitrate. Fmzi also prepared 
needle-like crystals of silver meicuric OXynitrate, AgNCi,. 2 lIgO, in a similar way. 
The crystals turn black on exposure to light ; they are decomjiosed by water ; they 
are soluble in nitric or sulphuric acid ; with sodium thiosulphate, silver and mercuric 
thiosulphates, sodium, nitrate, and sodium hydroxide are fornu'd ; nu‘rcuric iodide 
produces silver and mercuric iodides, and potassium nitrate and hydroxide. 
J. J. Berzelius reported columnar crystals of 2AgN03.1}g(N03)2, soluble in water 
without decomposition ; and B. V. Hay obtained # s(*ries of silver mercuric oxy- 
nitrates with (fig-, Ag') : llg" : NO3 in the ratios 4 : 1 : 2 ; 4 : 1 : — ; 7:1:8; 
2:1:2; and 1'8 : 1 : 17 , by rubbing mercurous nitrite with silvi'r nitrate and the 
least possible, quantity of water to forma mush, treating the mass with water,* and 
evaporating tlui filtered anln. under reduced press. Lemon-yellow microscopic 
crystals are formed. 

A. Mailin' prepared white ipiadratic crystals of monohydrated zinC mercuric 
OXynitrate, Zn0.Hg(N03)2.H2O^ by cooling a hot soln. of mercuric oxide in a 
cone. soln. of zinc nitrate ; and acicular or monoclinic prisms of the dihydrate, 
Zn().IIg(N()3)2.2H2(), by adding zinc oxide to a cono. soln. of zinc nitrate. Water 
decomposes both suite with the separation of mercuric oxide. He aLo obtained 
white hexagonal prisms of oihydrated cadmium mercuric oxyxutrate, 
(ldO.Hg(N03)2.2H20, by cooling a hot soln. of mercuric oxide in a cone. soln. of 
cadmium nitrate ; and white* inonoclinic [irisms or plates of the trihydrate . 
Clio. Hg(N 03)2.31120, from a soln. of iiiereuric oxide in a soln. of cadmium nitrate. 
Both salts are decoiiipused by water. 
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§ 36. Ammonium Blercoiic Compounds 

According to A. F. dc Fourcroy ^ (I 7 B 2 ), a Boln. of incn uric nitrato givcH a white 
precipitate with amnioniuin nitrate, and on evaporating the filU-red Holn., Hix-sidftd 
crystals appear. L. Pesci prcpar(‘d cxilouriess crystals of mercuric dUmminOPitraie, 
Hg(NH3)2(N03)2, by the action of a 5(1 p< r cent. soln. of anmioniimt nitrate upon 
the 80*caUed Mitscher^ich’s salt -hWc injra or on a mercuric inonoxynitrate, 
HgO Hg(N03)2. D. Stroniholm also made platedike crystals by mixing 0 grins, of 
mercuric nitrate dissolve^ in 2 c.c, of with enough water to make 10 c.o. ; 
and then added 11 c.c. of 8 per cent. aq. ammonia, and 50 c.c. *of 60 jier cent, 
ammonium nitrate. L. Pe 8 cij(ornyilate(l the salt 3NH4N^3.NHg2N03, ammonium 
dimerewiammonium nitrate ; K C. Franklin regarded it as the diaipmino-salt. The 
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cmfcala are not changed by exposure to light/rwith cold water the salt fdn^ 
NH4NQa.3NHg2NO3.2H2O, and with boiling water ammonium merduno 
nitrate ; it is soluUe in aq. ammonia, and the soln. on evaporaition furnishes 
NmNOj.NHggNOj.HgO. .* 

D. Stroraholm mixed 6 grms. of mercuric nitrate di^olved in 2 c.c, of 4 iV-HNOa, 
and diluted with water to 10 c.c., with U p.c. of 8 per cent. aq. ammonia and 60 c.o. 
of 10-20 per cent. soln. of ammonium nitrate. The small octahedral crystals' have 
the ' composition of monomenmruumnonitim nitrate, NH2.Hg.NO3— the nitrate 
corresponding with infusible white precipitate, NH2.Hg.Cl. When treated with 
warm water they forni the nitrate of Millon’s base. 

The ammonio'base, dimercuiiammoniam nitrate, Hg2N.N03, was prepared by 
L. Pesci and C. F. llammelsberg by the action of dil. nitric acid on Millon’s base, 
while L. Pesci, and K. ’A. Hofmann and E. C. Marburg prepared it by the action 
of a slight excess of aq. ammonia on an aq. soln. of mercuric nitrate. L. Pesci also 
obtained it by washing mercuric diamminonitrate with hot water.. C. F. Rammelsberg 
made it by heating mercuric oxide with a soln. of ammonium nitrate ; and D. Str6m- 
holm by shaking monom(‘rcuriamraonium nitrate with warm'yvatejr. The salt is a 
pale yellow powder, insoluble in water, and yields no aipnionia when boiled with 
potassium hydroxide. P. C. Ray could not obtain the anhydrous compound ; but 
what was regarded as a hemihydrate,NHg2N03.}H20, was shown by E. 0 . Franklin 
to be more probably the monohydrat(‘, i.e. the nitrate of Millon’s base ; it is also called 
Soubeiran’s salt, is mercuric liydroxyamidonitrate,HO.Hg.NH.HgN 03 , or, according 
to K. A. Hofmann and E. 0 . Marburg, oxyditnercurij^imnonium amidonitrate ; 
OHg2 : NH2NO3. P. C, Ray prepared his hemih}tlrate as a white amorphous 
powder by the action of cone, nitric acid on dirnercuriammoniuin nitrite, NHg2N02'; 
and, according to E. Soubeiran and R. J. Kane, by adding a slight excess of dil. 
aq. ammonia to a ^oln. of mercuric nitrate containing the least possible quantity 
of acid, K. A. Hofmann a«d E. C. Marburg made the monohydratc by digesting 
Millon’s base witli 10 per cent, nitric acid ; washing with water acidifiad with less 
and less nitric acid, then with alcohol, and ether ; and finally drying in vacuo. 
H. Fiirth made it by the action of ammonium nitraU^ on mercuric acetamide ; or 
by the action of dil. nitric acid ob the precipitate obtained by adding aq. ammonia 
to mercuric acetamide. R. J. Kane obtained it by boiling mercuric monomercuri- 
animonium hydroxyamidouitrate with water. The white jjowder was found by 
E. Soubeiran, and R. J. Kane to become yellow jyhen heated ; it then gives off 
ammonia, nitrogen, and nitrous fumes ; and finally oxygen and mercury ; it is not 
decomposed, nor is ammonia evolved when it is boiled with potassium hydroxide ; 
• with l^drogen sulphide it forms mercuric sulphide and a neutral soln. of ammonium 
nitrate ; nitrous fumes arc given off when it is boiled with hydrochloric acid, but it 
is soliible in the cold acid, and reprecipitated b}'* water ; and it is sparingly soluble 
without deconq)osition in nitric and sulphuric acids. It is soluble in aq,* ammonia 
I* and partially preci])itated when watcir is added. P. C. Ray found his product to 
be sparingly soluble in nitric acid, and to de^nate suddenly when heated in a tube, 
forming nitrous fumes, Jiiercury, steam, and a reddish-yellow residue principally 
mercuric oxide. Accorduig to L. Pesci, E. Soubeiran’s proloniirate ammoniaco- 
tnercuriel is jlrobably a mixtures of Soubeiran’s salt and mercury. 

’The so-called Mitscherlich*8 saU was obtained by C. G. Mitscherlich by treating 
a soln. of mercuric nitrate, acidified with as little nitric acid as possible, with dil. 
ammonia, not in excess, and drying at 100^ ; he also obtained it by boiling the basic 
nitrate 2Hg(XHg(N03)2 with a soln. of ammonium nitrate. L. Pesci also obtained 
it by the action of water on mercuric diamminonitrate. Ji. Pesci represents the 
formula, as NH4NO3.3NHg2NOs.2H2O, dihydrated amfnontum-dimereuriammotUutn 
nitrate ; it has also been represented qd m^curiammoniuw^ oxydimercuriammonium 
nitrate, NH2HgJf03.NH2(Hg0Hg)N03 ; while E. C, Franklin regards it as mercorie 
mcmomercariammoniaffi hydroiyamidcipitri^ $H2HgN03.H0Hg.NH.HgN0^. 
The white powdq^ behaves like Soubeiran’s salt when heated, and when treated 
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potttffm hydroxide ; accoidi^ W R. J. Kene, when heated with water, it forma 
Sottbazan *8 ualt ; and, according to L. Peaci, when boiled with water, it forma 
dimercuriammonium nitrate. It is decomposed when heated to 100 ®, and is readily 
solnbie in a SQln. of ammonium nitrate, TlAs, salt was analysed by M. C. Lea, 
L. Pesci, C, G. Mitscherlich, R« J. Kane, and J. 8 . F. Pagenstecher. 

A compound with the empirical compiwition Hg2N2Hfl0.2N0j, was pre^Mired 
by C. G.* Mitscherlich by evaporating a soln. of Mitecherlich’s salt or Soubeiran’s 
salt in one of ammonium nitrate until cr}' 8 talli 2 ation ocours ; J. C. F. Meyer made it 
by evaporating the soln. formed by adding a soln. of ammonia or ammonium car- 
bonate to one of ihercuric nitrate until the precipitate first formed is ri'dissolved ; 
L. Pesci also obtained it by super-saturating a dil. soln. of inert', uric nitrate with 
ammonia — a similar process gave J. 8. F. Pagenstccher a mort' basic product, vide 
infra. L. Pesci represented the composition by the formula NHggNOs.NIl^NQs.HjO ; 
hydraied ammonium dimercuriammomum nitraie; it can also l>e regarded as 
oxymereuriammoniunudiamminonilrate, (NHjlgfHgOHgllNOs)^ ; and E. C. Franklin 
represents it as hemihydrated mercuric ami^nUraie, NHjj.Hg.NOs.lH 2 O, or as 
mercuric diammmoxyiaitrate, Hg(N 08 ) 22 NH 3 .Hg 0 . L. Pesci found that the 
yellowish octahedral crystal^ lose very little water at Ilf)"- 120 °, but are deeomjiosed 
at a higher temp. C. G. Mitscherlich said that the com])ound is easily decomposed 
by alkali hydrosulphides, and by hydrochloric acid, but not by other acids— sulphuric 
acid has no action, and the salt is very slightly soluble in nitric acid ; soln. of 
ammonia and potassium hydroxide arc without action, and it is decomposed with 
difficulty by baryta water. 

G. C. Wittstein found tiiat mercuric oxide dissolves in a large excess of a soln. 
of ’ammonium nitrate, forming a compound which is not precipitated by ammonia ; 
mercurous oxide behaves in a similar way, but with the si'paration of mercury. 
R, J.*Kane prepared what is known as Kane's salt by dissolving Soubeiran’s salt, or 
mercuric oxide in a boiling soln. of ammonium nitrate, ^nd on allowing the soln. 
to cool, small shining needles are obtained ; he made the same salt by boiling 
mercuric nitrate with a soln. of ammonium nitrate. L. Pes('i prepared the same 
salt, and represented its composition by 2 NH 4 NO 3 .NHg. 2 N() 3 . 2 H 20 , or dihydraUd 
diamtnonium dimercuriammonium nitrate ; or as hydraied diafmnonium oxymercuti- 
ammonium nitraie, 2 NH 4 N 03 .NH 2 (Hg 0 Hg)N 03 .H 20 ; or by E. C. Franklin, ftl 
dihydrated mercuric monomercariammoniam dUmminonitrate, Hg(N 03 ) 2 . 2 NHi|. 
2 H 20 .NH 2 HgN 03 . R. J. Kane stated that water extracts ammonium nitrate from 
the crystals and leaves the salt NH 2 (Hg 0 Hg)N 03 ; and L. Peaci, that when heated 
to 110®— 115®, it loses a mol of water, forming snonohydraied diammonium dimeroufi^ 
ammonium niirate, 2 NH 4 NO 3 .NHg 2 NO 3 .H 2 O; which E. C. Franklin represent* a* 
monohydrated mercuric monomercuriammonium diynminonttrate, Hg(N 0 |)t. 
2 NH 8 .H 20 .NH 2 HgN 03 . ’ . * 

J. 8. P. Pagenstccher and R. J. Kwie obtained a pale yellow precipitate of oxyirimeTCuri* 
owmontum niiraU, NH,(HgO.HgO.Hg)NOj, by adding a very largo excewi of ammonia to a 
soln. of mercuric nitrate, E, 0. Franklin represoniod tho prmluct by the formula 
HgO.HOHg.KH.HgNO,, mereurlo oxyhydroxyamidonitrate — but he beliovt^ that 
^eeh«r*s sou is really a mixture of two salta. 

C. H. Hirzel prepared a white earthy |>owder with a composition oorresponding with 
NHgfHgO.HgO.UglHgNOf, tncrcuric oxytrimereuriamtnonium nitrate ; which E. C. Fraoklia 
wD^lized 4HgO.Hg(NO,),.2NHgpNO„ msreurte tfimerouriammonlam tetroxynltrito. 
He rubbed 9 mols of freshly precipitaud mercuric oxide with a oonc. soln. of 4 mola of 
ammonium nitrate ; then heated tho mixture to tho b.p., filtered rapidly, waahed with 
boiling water, and dried the product. L. Posci used a 40 |>er cent. soln. exnmotiium 
nitrate and obtained dimercunammonium nitrate. He was unable to make H. Hir«id*s 
product According to C»H, Hirzel, the product becomes yellow when heated, then 
deciHnpoaee suddenly with a hissing noise ; there is an evolution of red nitrous fumes, Mid 
the sublimation of a reddish-^wn substance vefy little water is produced.* AboiUntfiUn. 
of potassium hydroxide coloiua it yellow, and ammonia is evolved ; baryta water auta wbwly* 
and Ml the nitrogen is gradually evolved as ammonia ; it is iiuiStlublo in nitrio acid ^ U) 
gradually dissolves in a hot oonc. soln. of ammenium nitrate, and with hydrochlorio ftokl, a 
vcdomlnous white preoipitate is formed which dissolves when the mixtifre is wanned. 
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P. 0. lUy reported a salt with the empirical foryaula Hg4N|H,0.2N0,, to be 
by ^hfi action at nitric acid on dimercunammonium nitrite, Hg|^.NO|. H 
r^ardeditasmweurio dimercuriammontum hydroxyafflidonitrate,Hg,NO|.HOHg.NH.HgNOa> 

H. Saha and K. iN. Choudhun obtained a white amorphous powder with the empirical 
formula N,Hg,H|Oa, which can be redrrangfd NH 4 NO|. 2 HgO, merottrie attinoilhini Oiy- 
nttllta, by admng an excess of a< 4 . ammonia to mercuroi^s nitrate, evaporating the filtered 
■oln. in vacuo over cone, sulphuric acid, 'washing with distilled water, and drying over 
calcium chloride. The product docs not'lcAe weight on the water- bath ; but wljen heated 
in a tube it decomfiosus explosively giving off nitrous fumes and ammonia. It ia very stable, 
and is but slightly affected when boiled many days with a soln. of potassium hydroxide. 

C. Barfood obtained a {iroduct with the empirical formula Hg0.2NH,HgN0^ mono- 
mereuriammonluin oxynitrate, by adding a very slight excess of dil» aq. ammo^ to a 
dil. feebly acid soln. of mercurous nitrate, and drying the washed product at 100**. , It is 
soluble in acetic acid, and gives off ammonia when heated with a cone. soln. of potassium 
hydroxide. H. Saha and K. N. Choudhuri obtained the preceding compound by following 
0. Barfoed’s instructions. 
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§ 37 . Mercury Phosphates 

C. F. Gerlianlt i and P. L. Diilong found that when sodiutn Ijydrojjhosphate, 
Na2HP04, ia add<'(l to a soln. of mercurous nitrat<*, a white erystallim* ])recipitato 
of mercurous phosphate, 11^31*04, is ])roduee(I. K. llaaek dro])pe(l a cold soln. of 
one mol of mercurous nitrate into a cold soln. of a mol of sodium hvdrophosphato, 
washed the precipitate with cold water, and dri(*d,it in air. If the mercurous nitrate 
be in excess, C. Gerhardt reported that mercurous nitratophosphate isjiroduced, 
and K. Haaek, a basic, mercurous nibratophosphute. The following remarks by old 
observers may refer to mercurous pho.sphate or to the nitrato-phosphate. When 
the phosphate is heated in a tube, C. F. Gerhardt and P. L. Duloiig found that it 
fusjps ana gives 4ifl mereury leaving a yellow glUss of merriiric phosphate. The salt 
is said to be insoluble in water ; K. Behrend measured the electromotive force of 
mercurous pliosphate. H. Rose stated that when the salt is boiled with water, 
soluble mercuric jihosphate and a grey mixture of mercury and the undeeonqiosed 
salt are formed. Ai'cording to J. B. TrommsdorfT, hydrochloric acid coloiprs the 
ilndecomposed salt grey, and black with a boiling soln. Aq. sulphurous acid or 
phosphorous acid slowly reduces the salt to mercury. The salt is said to be insoluble 
in an aq. soln. of phosplioric or tartaric acid and a cold soln. of potassium hydroxide 
decomposes the salt but no mercury passes into soln. ; but a little mercury is taken up 
when the salt is decomposed by a hot soln. of ]>otas 8 iuni carbonate. R. H. Brett 
found the sd^ dissolves imperfectly in a soln. of ammonium chloride ; G. C. Wittstein 
found that with an aip soln. of ammonia or ammoniu^ carbonate, the filtrate 
contains phosphoric acid and mercuric oxide, and a residue with murcury, mercurous 
and mercuric pxides, and ammonia. ^ ‘ 

J. JtfCobsen prepared the double salt silver mercOTOUS phosphate, AgHg2P04, 
by adding a soln, containing a mol of sodium hydrophosphate to a mixed soln. with 
one mol of silvq^ nitrate, and two mols of mercurous nitrate acidified with 2 per cent. 
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of nitric acid. The yellowish-whibe rhombic prisms or plates are blackened by 
ammdnia with the liberation of some mercury. 

C. F. Gefhardt reported monohydrated mareoroos * nRntophoaphttoi 
HgNO3.Hg3PO4.H2O, to be formed when an ^^tcess of sodium hydrophosphate is 
poured into* an acid sob. of mercurous nitrate ; the precipitate at first disappears 
as soon as formed, but is afterwards jarmapent ; it is then washed with cold water. 
The white or yellowish-white powder consists of minute plates. When heabd in a 
tube it gives mercuric oxide and red fumes. Acconliug to 0 . F. Gerhardt, if the 
mercurous nitrate soln. be poured into an excess of one of sodium hydroi)hoRj»hate, 
the amorphous precipitate is normal mercurous ]>hosj)hate. K . Haaek report4‘d a pale 
yellow basic salt—mercuTOUS oxynitratophospbate, Hg^G 2HgN()8.r)HgsP04.H20- - 
to be formed when a cold soln. with one mol of sodium hydrophosphatc is dropped 
into one with 9 mols of mercurous nitraU*, and the product washed with cold water, 
and dried in air — vide supra. 

A white precipitajbe of mercurous pyrophosphate is obtaim‘d wlien sodium or 
ammonium pyrophosphate is added to a soln. of a mercurous salt. Aci'ording to 
H. Rose, howevei;, wljtn the two salts are triturated with cold water, a blackish 
precipitate is obtained, an^J a mercurous .salt free from mercuric com}touml8 jjoases 
into soln., but with boiling water, the jireiipitatc is blacker still, and the soln. 
contains both mercurous and mercuric phoHj)hatea. According to A. SchwarEen- 
berg, the whiU* jirec i})itatc indicat'd above is a crystalline powder wiiich leaves a 
residue of mercuric metaphosjihate w hen igniU-d. F. Stroiiieyer said that im'rcurous 
pyrophosphate is solubh* ijj an excess of the sodium pyrophosjihab, but L. Omelin 
said that it is neither blacken^^ nor dissolved by an excess of the sodiun» salt. 
A.'Schwarzenberg found that when freshly prei ipituted the salt is soluble in the soln. 
of sodium pyrophosphab', but when dried at UXT’, mercurous pyrophosphate is 
insolftble in that menstruum ; and when the mixtun* is boih'd, the mercurous 
pyrophosphate blackens. He also found that the salt is dscomposed by hydrochloric 
acid, is dissolved by nitric acid. T. Brooks stated that mercurosic oxide u 
decomposed in the dark by a cold soln. of sodium jiyrophosphatc, and the resulting 
salt — possible mercurosic pyrophosphate is very unstable and blackens with hot 

water. . , 

According to C. G. Idndbom, a pale yellow amori)hoUH precipitati* of merCUIOUf 
oxytrimetaphosphate, HggPa^lg.lfg.O, i« obtained by mixing soln. of mercurous 
nitrate and of sodium trimetaj)ljo.sphate, H Liidert added sodiuni hexaineta- 
phosphate to one of mercurous nitrat<- and obtained a white. ]»reci]»it4ito which, 
when washed w’ith water and dried ot BHj , eorresponded with meroUIOlli 
hexametaphOSphate» IlgRpeOig. The |»n‘cipitute is soluble in an excess of the 
precipitant, and it is insoluhle in w ater liut soluble in acids. 

According to H. Rose, and K.* Ilauek, sodium hydrojihosphate precipitgtcB 
white mercuric phosphate. Hg3(P04)2, frmn a strongly acidified soln. of mercuric 
nitrate ; with mercuric suljihate, no jireeipitution occurs, and with mercuric cnlonae 
a precipitate is very slowly foriiifd m th‘* precipitate is 

rapidk formed in hot soln. If an excess of s^idium hypophosiihat^*. is used the 
precipitate is yellow and the cohnir gradually turns brown. Mercuric cyaiude 
win. are not precipitaU*d by sodium hyjiophospliate. K. llaack-also obtained the 
salt by dro])ping phosphoric acid into an ♦•xccss of a soln. of mercuric nitrate, ana 
also by boiling basic mercuric sul])bat** with a soln. of sodium pyrophosphate, and 
extracting the mercuric oxide with acetic acid. C. F. Gerhardt obtained normal 
mercuric phosphate by feebly calcining the mercurous salt. 

The white precipitate, said J. B. Trommsilorff, and C. h . (^rhardt, is crystalline ; 
and K. Haack obtained it in small lustrous needles by cwling hot soln. The salt 
assumes a transient yellonjxiolour when heate’d, and the air-dried saltjoses no water 
at 100^ J. B. Trommsdorff added that the salt sinters together when hefited, and 
fuses into a yellow glass ; if heated, more, strongly, it giv<€ off mercury, oxygen, 
and phosphorous oxide. G. C. Wittstein found the salt to be insoluble in water 
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tkiahol, but K. Ha«k uid that the «alt« eohible in hot water. A.feilM 
loQBd tlM lalt to be soluble in an aq. soln. of carbon dioxide. K. oomd not • 
pwpiw a bosto taU by boiling the basic sulphate with an excess oi sodiu^ bydio* 
phosphate soln., for the sulphuric slbid was completely removed and a mixture of 
ncNrmal mercuric phosphate ^and mercury was produced. L. Gmelin wd th^ 
mercuric phosphate dissolves in phospli^ric acid ; but K. Haack contradicted this 
statement. J. von Liebig found that phosphorous or sulphurous acid refldoes the 
salt to mercury — the reaction is slow and incomplete. According to J. B. Tromma- 
dorff, cold dil, hydrochloric acid dissolves the salt slowly, while the hot dil. acid 
dissolves it rapidly ; the cold cone, acid also dissolves the salt* rapidly and copiously 
with the evolution of heat. When the hydrochloric acid soln. is treated with 
stannous chloride, mercury and stannic phosjdiate are formed ; and on evaporating 
the hydrochloric acid soln. to dryness, hot alcohol extracts mercuric chloride from 
the product — hence, hydrochloric acid abstracts mercuric oxide from phosphoric 
acid. A soln. of hydrochloric acid abstracts the phosphoric acid, and a soln. 
of potassium hydroxide also extracts all this acid from mercuric phosphate 
without dissolving mercuric oxide; while a soln. of potdgsium carbonate takes 
up part of the acid, and at the same time dissolves /ome mercury oxide which 
is not precipitated when the soln. is boiled. According to J. von Liebig, mercuric 
phosphate redissolves when sodium chloride is added to the mother liquid in which 
it has been formed, but the crystalline salt dissolves with difficulty. K. Haack 
found that the solubility in a soln. of sodium or potassium chloride is limited by the 
oonc. of the nitric acid liberated during the reaction, if the acid is removed, 
the precipitate is (converted into a basic chloride. • G. C. Wittstein found that aq. 
ammonia extracts from the salt a little mercuric oxide and phosphoric acid, the rfilt 
is also soluble in soln. of ammonium carbonate, sulphate, or nitrate ; and 
J. B. Trommsdorif found one part of the salt dissolves completely in a hot 8oln.*of six 
parts of ammonia, and the soln. reddens litmus. T. Brooks obtained mercuKMiio 
OX^hoephate, 7Hg20.14Hg0.2P20{i.20H20, by the action of a cono. warm, but not 
boiling, soln. of sodium hydrophosphate on jiowdered mercurosic nitrate, and wash- 
ing the product with cold water. The salt blackens superficially when exposed 
to the air ; it docs not lose water at KX)^’, but is completely decomposed at a 
higher temp. 

According to A. Schwarzenberg, a soln. of mercuric nitrate gives a white or 
yellowish-rod precipitate with sodium pyrophoiiphate. When dried at 100°, the 
composition is that of mercuric pyrophosphate, Hg 2 P 207 . A. Keynoso obtained a 
basic chloride by boiling a soln. of mercuric chloride with sodium pyrophosphate. 
Mercuric pyrophosphate is insoluble in an excess of the sodium salt ; it is soluble 
in acids ; decomposed by potassium hydroxide ; and dissolves in an aq. soln. of 
Bochum chloridoliko mercuric phosphate. T. I^leitmann and W. Henneberg found 
sodium trimeta{>hoH})hate gave a slowly forming precipitate with mercuric nitrate — 
presumably mercuric trimetaphosphate. F. Warschauer heated mercuric oxide 
or mercuric nitrate with an excess of phqsphoric acid to 400°, and obtained what 
was thought to be mercuric tetrametaphosphate. According to H. Rose, ^dium 
hexamotaphosphate gave a white precipitate or oily mass with mercuric nitrate, 
but not with mercuric chloride. P. Oluhraann said that a cone. soln. of mercuric 
Chloride gives a turbidity with soln. of sodium triphosphate, and when shaken with 
an excess of the latter, an amorphous powder is obtained which in a few days appears 
to be strewn with black crystals — possibly sodium mercuric triphosphate. Accord- 
ii^ to H? U’dert, the product is mmoric hexametaphosphate, HgaPflOig. The 
oily mass when dried in air forms a colourless translucent which after trituration 

and drying at 100®, appears like glue. The undried frem precipitate is soluble in 
water, but thp dried precipitate is hut sparingly soluIAg. It is readily soluble in 
acids. ^ 

P. C. Ray * prepar'd a white crystalline ppwder of what he regarded as dttner- 
cyriammonium, hydrophosphate, NHg 2 .H 2 P 04 , and E. C. Franklin as nMfCOno 
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ira« Hg.HgPO«. by^ hMtbK dbnerani. 

in the »^-b»th. C. H. ifniel digerted fwshly^recipitjSd’ ^cum e^de^l 
a Min. of ammonium hydrophosphate for sorat days in the ool? or for a lem tima 
when warmed, and obtained, a white powder of what he regarded as laereuno 
o^ymer^mtrmwm phmphaU:, Hg|NH2(Hg0Hg)lP04 ; C. F. Rammelsberg, as 
wiefowf^*womi(fo^ g q FrankUn, as 

mwcwic hytoxyamidophosphate. Hg: P 04 Hn.NH.% 0 H. It U stable in air; 

it becomes yellow when heated and the white colour is restored on cooling ; it melts 
at a higher temp: and decomposes with tlie evolution of water, ammonia, and 
mercury vapour, and if the decoiuposition is not coiuplete, a glassy mass remains 
on cooling. It gives no ammonia when boiled with a soln. of potassium hydmxide ; 
the nitrogen is all given off when treated with a soln. of imtassium iodide or sulphide ; 
it is decomposed by nitric acid and part is dissolved ; and it is soluble in hydro- 
chloric acid and a hqt soln. of ammonium hydrophosphate. By heating Millon’s 
base with phosphoric acid, 0 . F. Rammelsberg obtained a yellow compound which 
became grey on exposire. to light, and which lie regarded as (UraJtydrat^ tnono- 
mercuriammoniutn oxymercufiamtnonium phosph/Ue, 2NHg20H.(NHgjj)3r04.l()H3|0 ; 
but E. C. Franklin regarded it as a mixture of unchanged Millon’s base with Ray’s 
salt^vide supra. 
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§ 38. Ammonium Amalgam 

In 1808 , immediately aft<*r H. Davy’s announcement of the discovery of 
imtassium and sodium, T. J. Seebeck ^ placed mercury in a cavity cut in a piece of 
ammonium carbonate resting on a metal [date ; the latter was placed in connection 
with the positive pole, and the mercury with the negative pole of a battery. The 
mercury swelled up into a frothy mass, with the consistency of butter. The product 
is considered to be ammonium amalgam. Almost simultaneously, J.J,,imrseHua 
and M. K. Pontin passed a current through a cone. aq. soln. of ammonium chloride, 
in such a way that (helJathode dips into mercury, and obtained a similar frotl^ 

r [xiuct. In place of T, J. Seebeok’s aumionium carbonate, H. Davr, ind 
B. Trommsdorff used aiflmonium chloride, ahd J. L. Gay Lussac and*L. J. Th^nird, 
the sulphate or phosphate, and showed that the salt itself could be connected dire^y 
with the positive pole of the battery.* In shy case, oxygen is evolyed at the poeiitve 
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pole, though with ammonium chloride, chlorine ^ alflo given off ; very little gaa is 
given off at the cathode. A convenient apparatus for the purpose is shown in Fig. 41. 

According to G. Michaud, the use of ‘an amalgam of 
mercu^ with other metals— silver, gold, alu mini u m , 
bismuth, lead, etc. — in place of mercury alone, lowers 
ttie stability of the resulting ammonium amalgam, 
and this* tlie more the greater the electropositive 
char&ctcr of the metal. Thus, C. M, Wetherill found 
that a small amount of platinum altogether inhibits 
the formation of ammoniufn amalgam. H. Landolt, 
and J. Schroder employed an analogous process, and 
found that the greater the surface of contact with 
the ammonium chloride soln., the better the yield. 
H. Moissan electrolyzed a soln. of ammonium mer- 
e-uric. iodide, (HN 4 } 2 Hgl 4 in licjuid ammonia, or an 
aq. soln. of ammoi^um iodide, mercuric iodide and 
« 4 , n .1 T. 1 - water, at —40''. S. von Laszcynsky electrolyzed a 

AX™ar an.monium thiotyaiAtc with a mercury 

cathode, using a current ofO’b amp. and 7 volts. 

H. Davy prepared ammonium amalgam by placing a little mercury containing 
about one per emit, of sodium {lotassium, or barnim in moistened ammonium salt, 
in aq. soln., or a soln. in cone, aip ammonia. F. S. Pfeil and H. Leffman state that 
if the ammonium salt is dry, no reaction occurs ; but in the presence of moisture, 
the mercury swells up, forming the amalgam. C^chn found amalgams of 
potassium, sodium, lithium, and strontium furnished ammonium amalgam, but he 
was not successful witii barium and magnesium amalgam. W. Kettcmbeil used 
alkali amalgams with a cone. aq. soln. of ammonium chloride. K. Bdttger iound 
sodium amalgam to he more effective than pota.ssium amalgam. J. Proude and 
W. H. Wood inferred that soln. of ammonium salts in phenol, or in a spin, of pyro- 
gallol in aq. ammonia, contained compounds of the nature of ammonium salts, 
0. M. Wetherill obtaiiu'd ammonium amalgam by the action of sodium amalgam 
on a soln. of methylamine oxalat-e free from ammonia, and F. S. Pfeil and H. Leff- 
man likewise with a sat. soln. of trimethylaniine. ammonium chloride ; but not 
with sodium amalgam and a sat. soln. of the hydrochloride of aniline, conine, 
morphine, or (|uinine, or of rosaniline acetate. II. Moissan prepared ammonium 
amalgam by placing a little dry ammonium iodicle or chloride in liquid ammonia, 
and shaking th»' mixture at about - 35“ with sodium amalgam ; the product is 
washed with liquid ammonia to remove the ammonium and sodium iodides ; and 
then cooled with ether to —SO”. J. J. Berzelius and M. M. Pontin stated that 
ammonium amakam has the consistence of butter and the colour of mercury. As 
sho^n by K. W. G. Kastner, the amalgam prepared by the electrolytic process is 
often crystalline. H. Davy said that the amalgam formed below 0° crystallizes 
in cubes, and W. R. Grove found that when cooled by a mixture of solid carbon 
dioxide and ether, the amalgam becomes Brittle, and exhibits a dark grey, faintly 
lustrous fracture. J J. Berzelius found tin* amalgam to be lighter than water, and 
J. Proude and,W. H. Wood added that the sp. gr. of well-formed mercury froth is 
not greater than 0'73() since it floats on ether of that sp. gr. The amalgam soon 
decomposes into liquid mercury and a mixture of approximately 1 vol. of hydrogen 
and 2 vols. of ammonia. J. J. Berzelius and M M. Pontin stated that the amalgam 
decompos^sijig soon as it is taken out of the voltaic circuit, but that which is pre- 
pared with potassium or sodium remains undecomposed a longer time because it 
retains a small proportion of these elements ; it resists deft)mpo8ition longest in an 
atm. of hydrogen. According to H. Davy, the decomposition in air or water is not 
accompanied % the absorption of oxygen or the forraatioA of ammonium carbonate, 
although in dil. sulphunic acid, mercury, ammonium sulphate, and sulphur are formed ; 
and in hydrogen cyoride, ammonium chlbride, mercury, and hydrogen. The action 
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of vacioUB impurities in the meTcuiY on the decomposition of the am&lgam, and ths 
actioA of the amalgam on various salt soln., vide infra, h. P. Cailletet found that 
ammonium amalgam is decomposed by a plate of iron, platinum, or aluminium ; 
and that agitation with sodium amalgam, in the^presence of water, has a similar effect. 
H. Davy found that the amalgam also decomposes under lixed oil, and J. h. Gay 
Lussacand L. J. Th^nard stated that the decomposition is accelerated by agitating 
the amalgam alone or with mercury, also by contact with r<.>ck oil, and still more so ^ 
by contact with alcohol or ether. The deeomporfition of the amalgam is attended 
by the inflation of the mercury into a kind of froth. J. L. Gay Lussac and 
L. J. Thenard said-that the*mercury swells uj) to five times its original bulk : H. Da^, 
8-10 times ; R. Bottger, 20 times ; and II. Moissan, 25 to Jk) times. According to 
W. R. Grove, and C. F. Schonbein, th(* amalgam does not give oiT gas when cooled 
by a mixture of ether and solid cari)on dioxide, but gas begins to k' given off as the 
solid liquefies. H. Moissan found apprecial)l(‘ swelling occurs at — and II. Davy 
said that at —29° the decomposition is as rapid as at ordinary temp. During the 
decomposition of the *amalgam, tHb temp , under ordinary conditions, was found by 
H. Moissan to rise 5° or 6° ; G. Baborovsky and V. Yojtcch found that during the 
decomposition of Ihe 'amalgam, some ])ositive ions are given off, without photo- 
graphic action. When J.*J. Berzelius and M. M. Pontin communicated their 
discovery to H. Davy in 1808, they stated that ammonia must be an oxide like 
potash and soda, and that the new suhstanci* was a compound of the metallic con- 
stituent of ammonia with mercury. H. Davy a])])lic<l the term ammonium to the 
supposed metallic basis of ammonia, J. L. Gay Lussac and L. J. Th6nard regarded 
the amalgam as a trijile cdhijiound of mercury, amimmium. and hydrogen, and the 
latter afterwards ciilkd it lliydrure a irnmnuiculdenurcurr. In IHlfl, A. M. Ampeiro 
said : 


tAo difficulty in asHirnilafinK the constitution of oininonifMiiI to i.uMaIJic mJU woidd 
disappear if it be admittwi that, just as cyanot^cn, aIt[iou«k a compound 
alt the properties of the simple bodiea mIiicIi an' eapabh* of acjdifyu)« .J® 

combinltioh of one volume of nitrogen and four volumes 
mercury in the amalgam discovered l.y T. J. Seek^ck iui< to 

chloride, behaves in all the compounds which it forms like the simple metallic suhstancoa. 

This is virtually the present-day theory of the constitution of ammonium com- 
pounds, and was dovolopod and oxt^uidod l.y J. J. l$<T«d|UM It waa 
the amalgam is a true soln. of ammonium m mercury, and that it readily decompowa 
into mercury, ammonia, and hydrogen when wiirmcd aimve 0 , and these gasea 
entangled with the mercury give it the appearj^iKT of a troth. 

The gases obtained by the deoximposition of a.iimonium amalg^ 

analyzed^ by H. Davy, J. L. Gay Lussac and L. ,1. Ihenard, H. Landolt, R. Rout- 
ledge, H. Moissan, etc. The, generid results show that animoma and 
preint veiy nearly in the proportions r,o,uired for the '* '%** • 

opinions were "sliltmg Irotn’ the cohesion^ the 

Ler^^ ind the adhesion to it of the gales, and he likened the aetion ‘I*® 

. (L y 1 i+r... oiiarrsp W R Grovc rcgardcd the amalgam as a chomical 

^ZiY'^f^fereS^antnLgen inflated by hydrogen. H. Moissan foUow.^ 
J L Gay Lussac S L. J. Thenard in assuming that ammonium amalgam u 
J. Id. uay Id because when a soln. of sodium amalgam is allowed 

to^nd^^traq. Samom&, much swelling occurs with the forination of a buttery 
^wLb mabtains itself for 2 or 3 days in the animon.a^l 

alone is treated with the same li<iuid, hydrogen is slowly 
flSZ of the mass. Cf. Mcl>. Smith extended these experiments to potassium,hthipin, 
SS slmtium, and calpium amalgann, ; -he found that 

when treated wilh a soln. of ammonium chloride, end a^t^t aU^Ugh 
ZZrnrbflation with sodium amalgam, all the others d, swell. 

C ML wXrill, the amalgam is not m alloy of mercury and ammovum ; H. Lanaolt 
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eonohtded th»t while the amalgam contains tl^ NH^-gronp m combination 
msrcnry, it is not a veritable amalgam, because, unlike the amalgams of potaashtm 
and sodium, it does not react by double decomposition with soln. of salts ^ copper, 
silver, and iron. Vi- le Blanc showfd that H. Landolt’s failure to obimn double 
decompositions with ammonium amalgam and the salts of copper, Silver, and iron 
does not disprove the ractallid nature of 'ammonium m its amalgam, because, owing 
to its instability, aumionium has not tbo 'force necessary to displace metals from their 
compounds, but immediately decomposes on severing its union with mercury. 
A. Coehn further showed that when ammonium amalgam is brought in contact 
with a sola, of cupric sulphate at 0°, the copper is ‘displaced from itt soln. : 
2(NH4)-fCu804— Cu-f (NH4)2S04 ; he also tried to reduce metals which are not 
reducible by hydrogen, and he succeeded in doing so with soln. of cadmium and 
sine sulphates. This, said A. Coehn, should remove the last objection to the 
hypothesis that ammonium has the nature of a metal. The argument, however, is 
not decisive. According to M! le Blanc, atomic hydrogen can displace zinc under 
somewhat similar conditions, but potassium, bafium, etc., arc not reduced in this 
way. Hence, if ammonium amalgam be capable of displackig these elements from 
their salt soln., the displacement can be the result of an,exchang*e with ammonium 
in the amalgam, and not a reduction of nascent hydrogen from the decomposition 
of the amalgam. 0 . McP. Smith showed that ammonium, like the metals of the 
alkali and allcalinc earth groups, is inversibly displacablc in the form of its amalgams. 
0 . A. Seely found that the volume of the inflated mass varied with the superimposed 
press., and argued that the amalgam is a soln. of gas in the mercury, and not an 
ammonium amalgam. A. H, Gallatin, G. W. Giyminf, and W. Weyl, however, 
showed that the decomposition of ammonium amalgam gives hydrogen with pro- 
perties of that gas in hUUu nme^ndi, and therefore inferred that the radicle ammonium 
exists in the amalgam. R. Routledge assumed that the NH4-radicle is combined 
with the mercury because^ the gases are present in the required proportions ; and 
because the NH4 is apparently diffused uniformly throughout the m^. He also 
found that the compressibility of the inflated mass agrees fairly well with the assump 
tion that it contains a gas and mercury, and added : 

• • 

We may admit that such a compound is originally formed, and decomposes rapidly into 
mercury, ammonia, end hydrogen, while the gases, becoming entangled in the mass, impart 
to it that remarkable turgencence, which is not, however, a proprt-y of the original com* 
pound, but merely an a<!cidental result of its deComppsition. 

The swelling is not a characteristic property of the amalgam, but is a secondary 
phenomenon attending its decomposition, since below 0° the amalgam shows little 
tendency to inflation. G, Aronheim studied the electrical phenomenon attending 
the bubbling through the mercury of the gas f jora decomposing amalgam. 

le Blanc found that when a soln. of an ammonium salt is electrolyzed with a 
mercury cathode, the polarization between the resulting amalgam and amalgamated 
zinc rises to a maximum in a few minutes, and that the maximum is nearly as high as 
is obtained by the similar treatment of a sodium salt. When the polarizing current is 
cut off, the inflated mercury cathode remains electronegative to the ^In. for idto 20 
mins. This effect.is not due to the hydrogen, since the hydrogen polarization drops off 
i^ost as soon as the current is broken, while it resembles the effect obtained with 
amalgams of the alkali and alkaline earth salts. So that a metallic body analogous 
with potassium and sodium is combined with mercury in ammonium amalg am. 
The greate^J^l of potential in breaking the circuit with ammonium amalgam is 
due to the greater instability of the amalgam, and to its low Nl^-content. A. Coehn 
and K. Dannenberg measured the potential necessary for^he continuous evolution 
of hydrogen on a mercury cathode, and*fouudit to be‘ 1 ' 51 ^ volts ; with the ammonium 
salts at ]r 24 vblts, the amalgam begins to form, and this Is fully analogous with the 
results obtained with<the alkali metals. H. 0 . Pocklington measured the e.m. 1 . 
of a Daniell's elenyent in which the zinc ^as replaced by ammonium amalgam ; and 
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hei^ce infened that the amalgam contains the free radicle which rapidly decompoaea 
intOi^mmo^, hydrogen, and mercury. According to F. M. G. Johnson and 
N. T. M. WUsmore, the e.m.f. of ammonium amalgam in a iV-aoln. of ammonium 
nitrate in liquid ammonia, against cadmium ,)iu a sat. aoln. of cadmium nitrate, it 
0*91 volt. , 

E. M. Rich and M. W. TraVers measured the depi^ssion of the f.p. of ammonium 
amalgam, and inferred that it is a soln. of aihmonium in mercury ; but G. McP. Smith 
also showed that the results also accord with the’assuniptiou that the amalgam is a 
soln. of a substance of the empirical composition NH^.ilgM. H. Moissan obtained 
no evidence of the existence of free ammonium in the reactions between ammonium 
chloride and lithiuiiiaumiine : 2Nl^Cl-f 2NH3Li~2LiCl-f fNHs-f Hg ; between 
hydrogen sulphide and lithiumaiuinine : HgS-f2NH3Li~LigS-f ‘-iNHs-f Hg ; etc., 
in liquid ammonia at —100"' ; nor did 0 . Ruff obtain any evidence of the formation of 
ammonium at — 95 ° with a press, up to 60 atm. He passed a current through liquid 
ammonia with the electrodes surrounded by small lumps of i)otas8ium iodide, 
metallic potassium v^as liberated at the cathode, and rising to the upjwjr layer of 
liquid ammonia, coloured it blue ; when ammonium iodide was substituted for 
potassium iodide, *no blue coloration occurred. He thus doubted if such a substance 
as NH4 analogous to metanic potassium can be produced, and he regarded NH4 m a 
compound H.NH3 analogous with K.NHs, NaNHs, and Li.NHs. G. MeP. Smith, 
however, argued that he has shown that alkali and alkaline eartli metals exist 
in mercury, even in dil. soln., not in the form of single atoms, but in that of com* 
pounds of this general formula MHg„, containing only one atom of the amalgamated 
metal per mol. Some ofnlie so-called substituted ammoniums— in which one or 
more of the hydrogen atoms of NH4 are replaced by one or more of the alkyl groups 
CHa.CgHs, C3H7, . . . - are more stable than ammonium amalgam. H. N. McCoy 
and jW. C, Moore have prepared crystalline amalgams closely n*sembliug those of 
potassium and rubidium. W. Palmaer also found that the electrolysis of soln. of the 
substituted ammonium salts in liquid ammonia gave a biue-coloim^d soln, alwut the 
cathode. The blue cathode liquid has the same colour as soln. of the alkali metals 
in liquid ammonia, although it is less stable, for it decolorizes in a short tune. Hence, 
it is inferred tha.i if ammonium or a substituted ^iiimoniuin could be isolated m a 
free state, it would exhibit metallic properties resembling the alkali metals. 
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§ 39. Amalgami of the Alkali Metals 

Th(j Holubility of th« alkali im;taU in nwrcury iucr<-iUM*H with, increasing* 
an& with increasing at. wt. W. Kerpand to- workers ^ founfl for the percentage 
solubility ; 



0“ 

‘ly 

ll.'C 

IIHC 

Litliium 

. 0 04 

0 07 

Oil 

0 13 

Soduun 

. 0 .54 

0 6.5 

0 86 

1 11 

roiaMHiuiM 

. 0 31 

0 5* 

1 25 . 

2 12 

HubKliurn 

. 0 92 

1 37 




W. Kerp and co-workers, and H. Winter also iiu*a.surcd the solubility of sodium in 
mercury. T. W, Hiehards and K. N. (r. Thomas found lHhiurn is soluble in mercury 
only to the ext<'nt of (I'OO'lh ]M*r cent (1. M«‘P .Smith and co-workers, and E. Maey 
also made observations on the solubility of lithium in mercury. The coefl. of 
diffusion, it, of the metals in men ury varies p«‘riodically with the at. wt. M. von 
Wogau found : 

I.I N'a » K 1U> I* 

A: < 10 " . . .7 63 7 11 6 02 5 32 6 2 1 • 

11. Davy observed that mercury and potassium readily unite at ordinary 9emp. 
with the cvolutioii of much heat ; J. Schumann said that the union is accompanied 
by U'bhaflcr Feuermcfmnung, and. according to J. L. Day Lus.nac and L, .J Th^nard, 
mns degagenwnt de lumtire. V. Merz and W. Wiuth said that sodium reacts at a 
rather lower temp., and more vigorously than potassium ; J. L. Gay Lussac and 
L. J. Th6nard said that the reaction between sodium and mercury is atUmded by 
wn y^rand degagemaU de ehaleur et dc limtirc. G. S. Seriillas, indeed, stated that 
when a jiiece of sodium is projecU'd on mercury, it may be thrown out of the vessel 
with an e.xplosiou owing to the great development of heat. The rapid gyratory 
movement wliich occurs when a piece of ]>otas8iuin or sodiu’m is placed on mercur}’, 
depemls on the absorption and decoiivposij^ion of atm. moisture by the alkali metal ; 
and the liberation of hydrogen gives rise to the motion ; if the experiment be made 
in dry air, the amalgamation is trainiuil- 3 21 c.c. of gasper gram of sodium is 
given off during the formation of sodium amalgam if the sodium used be purified 
in ^aciu>, L. Kahlenberg and D. Klein obtained no hydrogen. . 

The amalgams can be pri'pared by mixing the component metals. R. Bottger 
rubbed the two metals in a dry mortar fitted with a cover, and pri'served the product 
under a layer of naphtha. G. McP. Smith added 15 grins, (d sodium in small^pieces 
at a time" at ordinary temp, to one kgrm. of mercury ; the temp, rost' to 150“. 
The amalgam, is then kneaded under water, and dried with filter pajMT. K. Borne- 
uianu and G. von liauscheiiplat, C. Jjowig, J. Sidiuinann, W. Kerji and co-workers, 
H. Winter, A. Guntz and J. Feree, and M. Rosimfeld u.si'd a similar process. It is 
difficult to prepan* din*ctly amalgams of the alkali metals with a definite composition 
because, aijJI. Bertholot, and N. S. Kurnakoff pointed out, a part of the sodium is 
oxidized ; in consequence, 11. G. Byers, E. Janecke, and M. Reuter worked in an 
atm. of hydrogen, and E. Vanatone in an atm. of earbdh dioxide ; J. Schumann 
melted the alkali metal under petroleum, and added the, mercury to the metal ; the 
temp, roie to Vhe ignition point of the' oil. Hence, 0. MiiMhauser added the mercury 
in a very thin stn*am. t. T. W, Richards and J. B. t’onant prepared sodium amalgams 
by electrolysis : , 
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A ^ aoliL oi pure aodtum cM-hraiAte (four ttmea reoryeUlliMM) and oeotHf^god) wm 
cil«c^yi«d ia A eeU coaiiwting o( 141 feiple mercury oAthode end An Anode of |>lAtimim (oil ; 
• ’*[^**®®'*^*w4 l»Alf-htre bottle eerved as the ooniAuter. After pAming a current of 4 
•mpefeM for a few houre, the lunAlgAni becAiue pentv And the prooeiM wa« eiopued. The 
el<wtrohi» wee poured off ae completely ee fKiAf^blo and the AutAlgAni wam timrouglUv 
agitated with 4 or 5 portione of distilled water and sulwequeoUv anth 2 portions of alod^l. 
It wu transferred to a small flask which was evacuated and heated for some minutea 
Havin^^faeftn thus dried, it was placed while stfU hot in a desircator, where it remained until 
it was oUutixl, and hltonxl through a capillar)' t^U* in order to chminato the lUm of 
hydroxide. . 

A.Schiiller, E>. M^p‘y, A.C. Vournasos, P. T. Muller, N. S. Kuruakoff, U. N. Draper, 
G. McP. Smith, G. N. Ix'wis and C. A. Kraua, D. Scliii* and K. VanaUme mixed the 
luetaU under a layer of paraffin or petroleum oil ; and M. Reuter under a layer of 
xylol. The hydro-earliou i« difficult to remove t'ompletely from the pniduct. 
N S. KurnakotT and (i J. Zukow'skv made cietmim amalgam by the din‘et union 
of the elements. Maey, G. MclV Smith, and G. .1. Zukowsky also made lithium 
amalgam by tie* dinrt union of theelemeuta. A. D llirRehfelder and 15'. C. Hart 
jUtpared Hodium amalgam m the form of fine floeeuh by jHiuriug hot liquid amalgam 
into a jar of xylene 0 ? kergaene agitated by an eleetrical stirrer. Th(‘ amalgam wan 
allowed to «‘ttle, and driefl m a curn*ut of air. 

There i.i a n‘Ver«il»le diKplaceiiient of the alkali iiietalH in amalganm and in aip 
8oln. of their salta. For exanqtle. Ridium amalgam m a hoIu. of potashiimi hydroxide 
was found by J. Schumann, G. MeP. Smith, and W. Kettiunbeil, to form potaMHium 
amalgam. G Fernekes, and G. MeP. Smith obtained hiniilar resulta with solii. of 
the alkali ehlondes. Thc^latU'g also found that potasHium amalgam fornm sodium 
amalgam in a hoIii. of nodium hydroxide or sodium chloride. Similarly also with 
lithium amalgam. P. S<'horigin oldiimed sodium amalgam by the action of sodium 
ethide, Nat’^Hr,, on mercury : 2(’2H5Na-F2Hg ~2HgNad C' 5 »H 4 ,| f’ 2 Hfl. The re- 
action betwet-n mercuric diethyl and siKliuui dws not pto(“<'ed so smoothly, 

The alki^li m< tal8 are not always conveniently availanle for prejiaring amalgams, 
and in that case elect rolytic meth(»ds are available. .M. Reuter pointed out that 
judging from th'* records of the>e methods, however, the products nearly always 
have a low perct'iitage jtrojMirtiun <d the alkali nfetal ; cone, amalgams have mit 
been obtained. J. «1. Berzelius and M. M. Puntin })re]>an'd jiotassium amalgam 
by placing inert ury in a cup covered witli a cone. .soln. of potassium hydroxide ; 
the mercury turves as negative eleetrode, a metal wire dipping m the soln. as 
positive electrode. Uif electrolysis, potaasium amalgam ia formed. J. Schumann, 
G. McP. Smith and H. C. l^mnett, 'J’. \)'. Rjehards and K. MiilJer, and R. Idipke 
employed a similar process also involving the use of the mercury cathode, W. Kerj), 
Ir. Bird, G. McP. Smith and H. C. Bennett, and K. S. Shepherd, electrolyzed a atiln. 
of potassium or sodium chloride with a mercury cathode ; and von Laazcyjpky, 
a soln. of* potassium or sodium thiocyanate. \V. Kerp and co-workera, and 
G. McP. Smith and H. G. Bennett made rubidium amalgam, and the latter also 
cieaium and lithium amalgam by the elertrolysis of soln. of the chlorides with 
mercury as cathode, (i. MeP. Smith* and J. R. Withrow electrolyzed aoln. of 
lithium acetate or 8ulphat<3 using a riu-n ury cathode. A, Guntz and J. F^r^, and 
K. Bomciuann and G. von Rauschenplat made lithium amalgam, by .the electrolysis 
of aoln. of the chlorides. E. Mitscln rhch used a soln. of lithium hydroxide ‘as 
electrolyte. The electrolytic methoil was modified by 0. Arlt who allowed a atream 
of mercury to fall through a soln. of a salt of the alkali metal, and ke]>t a protec- 
tive layer of carbon disulphide or chloroform betwi en the mercuryj^^r and the 
electrolyte during the passage of the current. The metlKKl was employed by 
W. Nemst, W. Kerp Ind W. Bottger, J. R. Withrow, and P. M. Gieay and 
J. R. Withrow, E. G. Rain and J,* K. Wjthrow, E. 8 Shephenl suspended a 
mercury cathode in a jmroua cup at the surface of the sodium salt lAln. being 
electrolysed ; this avoided the insulating action of the spi'olfioaliy lighter amalgam 
which accumulates at the surface of the mercury. The method i^as employea by 
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a. Mtf. Smith and J. R. Withrow, B. B. Frank and J. R. Withrow, and 
P. M. Wear and J. H. Withrow. 8. B. Frank and J. R. Withrow prepared 
alkali amalg amfl by,el(ictroIy8W. 

The f.p. curve of the lithium aniaJjfamH, by G. J. Zukowsky,* ia shown in Kg. 42; 
there is a eutectic at 162 ' between LisHg and lithium, ^nd the eutectic has 97 atomic 
per cent, of lithium ; there is a bend ijj the curve at 275° and 83 6 atomic per c^t. 
of lithium corresponding with the transition of LisHg into what is possibl^fLigH^ 
or LisHg ; and at 406° and 6.'^ 3 atouiic per cent, of lithium, this begins to decompose, 
forming LiHg. There is a maximum- dystectic— point at 600*6° with 50 atomic 
|>ei cent, of lithium corresponrling with the compound LiHg. ,Thfe transformations 
at 3**)8° and 30* 1 atomic per cent, of lithium, and at 232“ and 17*6 atomic per cent, 
of lithium respectively correspond with the fortnation of compounds LiHg 2 and 
LiHgs. There is a second eutectic at - 42“ with less than one per cent, of lithium. 
Acc.ording to K. Maey, the sp. vol. curve shows singular points corresponding with 
lithium heiamercuride, Li Hge, and with lithium pentamercuride, LiHg 5 . A. Guntz 
and .1. K'ree jirepared the jientamerciiride by the electrolysi.s of soln. of lithium 
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chloride with a mercury cathode. E. Maey said that it forms six-sided, needle-like 
crystals. W. Kcrp and co-workers found that the crystals melt over 100“, at 100° 
the crystals arc mixed with liquid, and the two form a mobile mush at 125°, and all 
is molted at 165°. G. .1. Zukowsky obtained needle-like crystals corresponding with 
lithium trimerou^de, IdHg^ ; K. Maey obtained evidence of this compound on the 
sp. vol. curve ; and G. McP. Smith and H. G. Bennett isolated the crystals by 
centrifuging the mass. G. J. Zukowsky obtoiued a mass with needle-like crystals 
of lithium dimerchuride, LiHg 2 ; and cubic crystals of lithium monomercufidef 
LiHg, of ji ^i^ ness 2 to 3. E. Maey obtained evidence of this compound on the 
sp. vol. curve. G. J. Zukowsky obtained a mass with needle-like crystals thought 
to be hthium hemimeiouiide, LioHg, or lithium ditritamerdniide, Lisflgj ; simi- 
larly also of lithium tritamercuride, Li^Hg. Evidence of ^this latter compound on the 
sp. vol. curve Was obtained by E. Mai^'. G. McP. Smith obtained crystals by filter- 
ing the electrolytically-prepared amalgam through leather, and afterwards treating 
the product in a centrifuge. F. H. Newiftan sthdied the spectra of alkali 
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curvetif sodium and mercury was also 
studied by M. Berthelot, W. Kerp and 
^-workers, V. Merz and W. Weith 
K. Bomemann*, N. S. Kurnakoflfi 

A. ^rboff, C. H. Desrh, 0, Tammann, 

P. I. Bachmetjeff and J. Y. Wsharoff. 

B. Vanstone, ¥ j . Maey. D. Mazzott 4 », 

P. T. Muller, and L. Sebuz. M. Berthe- 
lot assumed the e\iHtene(‘ of sodium 
octomerci^e, NaHg^ ; and A. Gimtz 
and J. F^*ree clayn to'have obtained it 
in crystals by coolii^ a w r>7 per cent, 
sodium amalgam to -Ilf , and sepa- 
rating the excess of merriirv ; and 
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merriirv ; 

A. Joannis, by the slow action of mereurv on a soln. of sodaminonium in liquid 
ammonia, H. Winter, N. S. KurnakolT, K. Mai'v, and (». Tammann studied 
sodium hexamercurido^ NaHgjjt K. Kraut and 0. Pop}> prepari'd it by the 
action of a soln. of sodium la'droxide or rarbonab* on 3 per cent , sodium amal> 
gam, and squeezing out the excess of mt*rcury ; W. Kerj> and ro- workers hy crys* 
tallization from sodium amalgam sat. at To ', and cool<‘d to 23' ; and A. Hunts 
and J. Feree by slowly cooling a soln. of sodium in mereury, anj sfjUf'ezing out tho 
excess of mercury. The neeille-like crystals were stated by the latter to lielong to 
the cubic sjy'stem. W. Keqi and co-workers said that they form a mush at 39'*, and 
are all melted at 58'" ; and form lOdium pentamercuridev NaHg 5 , between 40" and 
42'". G. P. Grimaldi belu'ved that K. Kraut and 0. JNipp's Na 2 Ug ]2 is really the 
pentamercuride, W. Kerp’s analyse.H of the compoun<l.]>repured attomp. ranging 
from. 0" to DO S'", have the mean value 2 13 jmt eent, Na. G, McP. Smith and 
H. 0. Bennett's analyses varied from 2’ 12 b> 2'2H per cent. Na. It is the richest 
solid sodium amalgam. W. Keqi obtained it from the amalgam at a tomp. over 
26*" ; W. Keqj, W, Bdttger, an<l If. Winter, above l(xr ; G, P. Grimaldi, by 
centrifuging a 1‘4 per cent, sodium ayialgi/uii , and A. Guntz and J, F6r6e, by 
melting the hexamercuride and a<blmg a rather richer amalgam ; thim beating* 
the whole to 200'* ; cooling to 110', and decanting olf the excess of mercury. 
The prismatic crystals were found by G. 1*. (»rimaidi to n^elt at 145®. but, 
according to W. Kerp, fusion begins ^at alMiut 105' , a thick mush is formed at 
19°, and all is melted at 138 -139 5 and it is not stable above 105°. Q. P. Grimaldi 
measured the electrical resistance, and W. Kcqi, the solubility in 100 parts 
of jpercury : 


0’ 40* W7* 81* w*8* 

NoHg, per cent. . 24 33 28 7U 32 25 35 58 ♦ 4H4* 40 46 

W. Kerp and co-workers obtained ervstals corn*spondiug with •odiom 
mefcur^ NaHg 4 , from sodium amalgam over 180° ; A. Guntz and J. F6r^, by 
squeezing the hexa- or penta-mercuridc at 2fJ0 to 12fXJ kgrms. p<XS<l* <’ni. ; and 
A. Schuller, by galling an amalgam with 20 at. per cent, of sodium over 220°, and 
slowly cooling whue if is being stirn'd. E. Vanstone obtained long priimatic 
crystals. W. Keip doubted the exisb'Dai of this os a chemical indmduat. 
M. Berthelot, and K. Bomemann also studied this com{>ound, In^his sludy o! tiie 
f.p. curve, N. S. Kumakoff obtained evidence of a compauad Hg»Na, where w is 
IMS than ^ and greater than 2, and by jtnalogy with the corrqsppnding potassium 
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compound he auomed it to tic sodittin tliinureoii^Ci NaHgj. A. Schuller obtuned 
cry Utah of fOditun diinerctirid0» NaHg 2 , by melting a 33 3 at. per-cent, sodium 
amalgam above 360°. K. Janecke gave 3r)0° for the m.p. This compound has 
been studied by S. Kumakoff# 0. Tamniann, E. Maey, M. Berthelot, 

K. Bom(?rnaan, and P. T. Muller. There are four dou^^tful compounds HgnNa with 
n between 1 and 2. N. S. Kurnakoff oljta^ned evidence of one being formed by the 
decotti]ioHition of the inononiercuridi^ at 200‘7° ; E. Maey and M. Beffhelot, 
Na 4 Hg 7 ; E. Vanstone, Na 7 lig ; and K. Bornemann and A. Schiiller, Nai 2 Hgi 5 , 
N. 8. Kurnakof! and A. Hchiiller obtained evidence of the existence of 
mOBOmercuride) Nallg, on the f.]). curve. E. Vanstone, M. Berthelot and E. Maey 
studied its ]»ro])erties. K, Janeckc; found the prismatic crystals melted at 217° ; 
and N. H. Kurnakolf, that they decoiiijiosed at about 209'7°. E. Vanstone, 
K. Bornemann, and A, Schiiller obtained crystals of trisodium dilDOrCUridd, 
Na-jlfgg. H. von Wartenberg found that Naglfg is stable in the vapour phase 
betwi'en 380° and 441''. N. S. Kurnakoff, and £. Mai^y also obtained evidence of 
the existence of a compound Na„Hg, when « is equal to or less than 2’5. A. Schuller, 
and K. Bornemann obtained evidence of sodium dipontitamerpuride, Na 5 Hg 2 , 
but E. Vanstone doubted if such a compound really exists. 1?. de Souza obtained 
sodium tritamercuride« Na^Ifg, by heating sodium amalgam with an excess of 
nif^reury to lOO". E. VansUme, E. Maey, K. Bornemann, and G. Tarnmann studied 
this product. 

E. Janecke obtained the f.p. curve of potassium amalgams, Fig. 44, and found 
a maximum at 279' eorr<‘sponding with KHgs, and the rest of the curve is int{‘r- 

prett'd tt show the formation of KgH 



at 178° ; HgEg or KflHg 3 at 204° 
K 2 Hg 9 at 173° ; and KHgg or KHgjo 
at 70". The f.p. I'urve has also bhen 
studied by M. Berthelot, V. Merz and 
1). Muzzotto, W. Wmth, G. Tarnmann, 
N. S. Kurnakoff; VV. Koqi. W. Bottger, 
and II. Winter. K. Bornemann, 
P. Muller, and E. Maey. Crystals of 
what A. Guntz and J. Feree n'garded 
as potassium octodecamercuride, 
Kllgjoj were obtained by cooling an 
amalgam of the \ wo metals to —19°. 
,W. Kerp, \\. Bottger, and H. Winter 
obtained potassium tetradecamercur- 
ide, KHgi 4 , from an amalgam by press, 
betvpeen —2“ and — 12". E. Janeeko, 
Jy. Bornemann, and G. Tarnmann 
obtained evidence of the existence of a comjiound, potassium euneamercuride, 
KHk„ on the f.p. curve, and A. Joannis obtained it by the action of mercury on 
a soln. of potassammonium in liquid ammonia. There is some uncertainty aljout 
the composition of this product. 


Fia. 44. — Frei’/inp-point Curve of I’otiM- 
Hiuin^‘\rnulgiuns. 


N. 8. Kumak(^fT .Mliowed that the ennoamercuridc may bo KHg,o ; and K. Kraut and 
0. Popp, W. Kerp and eo-workcrs have roportod the preparation of jiotassium drcamcrcuridf, 
KHgi#; J. H. Croockewit by nu'lting together the components ; G. P. Grimaldi by melting 
and cooling an amalgam with 177 per cent, of potaasium ; and A. Gimtz and J. by 

oomproasing tho d«^i*camercundo at ,200 kgrms. per eq. cm. It melts about 60 . 
G. P. OrimilflfP^eaflured the electrical resistance. E. Maey reportetl potassium hena- 
dccametruride, KHg|„ and J. H. Croockewit, potassium dodecamer^ind. , KHg,,. by melting 
together tho constituents ; by K. Kraut and O. Popp, by the action of [lotaasium hydroxide 
or carbonate, not acetate or chloride, on 3 <)er cent, sodium otpalgam ; by A. Guntz and 
J. F^r6e, bjj waniting the octiHlecamercurfde with potassium ; •W. Kerp and co-workers, 
by pressing the tetr^ecamercuride ; and W. Kerp, by coohng for some days at 0" the 
amalgam prepanxl elec(ro%'tioally, Tho cry^ala ok the alleged dodecamercuride belong 
to the cubic system ;,lhoy are stable between. 0® and 70“ ; and they melt and decompose 
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at 75®. Various analyses have been made by O. McP. Smith and H. C, Bennett, K, Kraut 
and p. Popp, W. Kerp and co-woriers, etc. M. Iterthelot claimed to have shown w 
existence of poktmum octomercuride^ KHr, ; E. l>ivers, of poiaa^ium^ h«ptnm*rtuna*^ 
KHg, ; M. Bertnelot, and N. 8. KuraakofT, of pota**%um hf^m«r(wid«y KHr> ; K Mas 3 % 
and N. S. Kunudcoff, of potoMium p«ntof>»crrMndf*RHRt. K Bomemann, and K. JIU»ectai 
obtained evidence on the f.p. curve of what was n'Rartlcd as fHitasttum kcrmfH»«»w»cer«r»iia, 
K,Hg„ in six-sided plates mcltaig at 173®. but \ S Kunmkoff assunwHl that the ^wita 
or bexa- mercuride is here in qu«.tion. E. Ma«'y. and M Berihelot dmcuswyi Uie existcnca 
of potaSmum tetramercunde, KHp*. , 


K. Bomemann, N. S. KurnakofI, E. Maev. and E. Janeck,' obtained evideuco 
on thtf f.p. ourvcof the existence of crystals of potassium trimarcuM^ KHK^jOr 
KaHgQ. The latU-r gave 204 for the m.p. E Maey. (J. Taniinann. K. IhiruemanUj 
and E Jaiiecke likewiw* obtained evidence of potassium dimMCUride. KHg* ‘OW 
G. Tammann. E. Maey, and E Jan.‘cke of potassium monomWC^e* KJIg, 
melting at 178"'. E. de Soura pn'pnred a cr>stalline tnass of potamum Mml- 
mercarid6t KoHg, bv heating potassium amalgam with an e.vcess of merurN o 
440'* F (' Accum,*W. B<)ttger. and (J. McP. Smith ]»n*pan‘d mixed sodium and 
potassium amalgam ; ^nd E. Janecke. by using e., proportioim of the (miistituent 
elements, obtained sottiuu) potassium mercunde, NaKilg.>. melting at 188 . 

N S KurnakoiT found the f.p. curve of rubidium amalgam has a maximum 
at 136 - 5 ^ corresponding with rubidium hexamercuride. HbHg«. ^ 
indications of rubidium tetramercunde, Uldlv-,. and rubi^um mrner^e. 
RbUco. w. Kcrii and co-workers, and (i M. I> Sm.tli and 1. ( . 
studied these ainalaanis (i. MeP Sini.l, and 11 (' Bennett also e ann.al to have 
formed silvery cuhie orvsfbU of^bidium dodecametcunde, K Hc,.,, by eentnfutling 

the amalmvin. It melts with clTom|.o.Mt]on below n l lie fii nine for inwnm 
amalKanmhas la-en studied by N. S Kiirnakoll and (i J /ukowskv, A. (lorbofl, 
U. Deseh, K. Bomemann. and 
G. McP. Smith and H. ('. Bennett 
There is a maximum at 208 2 
correspondiiig with c«sium dimw- 
curide, 0 sHg 2 . Fig- ‘f 
1G3 corrt'.sponding with CffiSlum 
tetramercunde, 0 sl{g 4 , or ( sUg.*). 

and one at If)?’? ’eorresjumdingwith 

c»sium hexamercuride, (Vligd. 
and at about 13 CfiSSium defSl- 
mercuride, Csllgiot formed, there 
are also indications of the formation 

of caesium hemimercuride, C.s^Hg, 

andcsesium monomercuride,f sHg, 

The mercijrid«'s of the ty]»e .MHg.^. 

MHg,,andMHK, thu.s ap|jear t^ ^ ^ 

common to the four alkali nuUIs M . j,,., „„i j„y (j McP, Smith 

amalgams. lathium am’algam with 

r^Srlirnfa" 

«nt. amalgam g ,1 jK-r cont, am llgbm ; gt one per 

M^ara^am also haa a liquid and a solid portion ; whi(c 

L. Th^nird found a 0 78 per cent, anijlgam is liquid,- Acco^mg to A. BatteUi. 





’ zo ' 30 ^ 50 60 70 to 30 fOO 

Per cent. Cs 

Kit} 4.'. KrtM-/.ing-is)m1 t'^rve of Osium 
Anmlgatnn 



1016 


INORGANIC AND THEORETICAL CHEMISTRY 


amalgamg with the atomic ratio between Na : : 496 and 1 : 15 are li^^« 

those with more sodium are solid. H. Davy found a 3’2 per cjnt. potaafaum 
amalgam is hard and brittle, a 1*4 per cent, amalgam is solid, and a more dil. amalgam 
is liquid. J. L. Gay Lussac and I 4 .«J. Th^nard found that amalgams with over 
1 per cent, of potassium are solid, and liquid with leas than 0*7 per cent, of potas* 
sium. It. Bfittger found that the amalgam is solid, and one with 0*55 wr cent, 
potassium is friable and partly crystalline, and that with 0*5 per cent, of pol^ium, 
the amalgam is viscid. Thew m.p. curves for the alkali amalgams are indicated in 
Figs. 41 to 44. 

cThe solid amalgams of the alkali metals are lighter than mercury or dil. liquid 
amalgams, and therefore float on the surface of these liquids. E. Maey’s deter- 
minations of the sp. vol. of the alkali amalgams furnish the following values for 
their ipecifio gravity. The results show that the sp. gr. becomes progressively 
less as the cone, of the alkali metal increases. 


Per rent. Li 

. 0 o:«)i 

0503 

2-166 

8-39 

‘11.03 

10-68 

Sp. gr. 

. 13 500 

13 135 

10-926 

6.050 

6-030 

2-046 

Per cent. Na 

0103 

0-597 

2 631 

5 06 

11-60 

39-60 

Sp. gr. 

. 13-448 

12-965 

11-701 

10-101 

6-743 

2-420 

Per cent. K . 

0184 

0.950 

2-82 

5 14 

12 87 

18-61 

Sp, gr. 

. 13-371 

12 908 

11-564 

9-960 

6-406 

4 737 


M(‘aHurements were also made by J. R. Withrow and co-workers, E. S. Shepherd, 
J, Whiting, W. Ker]), etc. E. Vanstone sought a^relatK)n between the mol. vol. 
of the sodium amalgams and valency. G. McP. Smith measured the speed of 
diffusion and surface tension of alkali amalgams. E. Maey found the co^dent 
of cubical expansion of liquid sodium amalgams between 10° and 20° to be 
a fO*(KJf)127tc, where iv re])re8ent8 the per cent, of alkali metal; for 
liquid potassium amalgariw* a-“()’(X)0181-f-()*0()0065M> ; and for lithiuin amalgams, 
a=0'(K)0l81'{-()*(KKK)l7tc. According to L. Sehiiz, the specific heat of an amalgam 
with 10 per cent, of sodium between 02*2° and 03*2° is 0*0(301 ‘3 --0 05930 ; between 
-2r()5" and -21*37°, 0*05;387 t« 0 ()rj39() ; between -39*91° and -39*43°, 0*05113 
to 0*()507t» ; and between —77*37 and —77*04°, 0*05167 to 0*05213. Likewise for 
a 3 per cent, sodium amalgam, between — 20*.52° and - -20 76°, 0 03788 to 0 03818 ; 
and k'tween -79*28° and —79*59°, 0*040.50 to 0*042, ‘30. G. N. k'wis and C. A. Kraus 
found the heat of solution of one cq. of sodium'in a largi^ quantity of 0*206 per 
cent, sodium amalgam to be 19*79 Cals, M, Berthelot gave 16*2 Cals, for the 
, hcQlt of formation of NaHg 2 from liquid mercury ; 11*4 Cals, for NaHg ; 13 Cals, 
for NajHg ; II. von Wartenk^rg gave 13, (KK) cals. ± 10 per cent. M. Berthelot 
found for the heat of formation of KHg, 12*1 .Cals. ; for KHg 2 , 19*8 Cals. ; and 
for KHgs, 29* 1 fals. M. Berthelot calculatt^d from the heat developed by the 
action of hydrochloric acid, the heat of edmbination per 2 eq. of potassium for 
amalgams : 


Kwroent. . . 0 .337 0-65 

Cat*. . , 26-2 30 2 

1-34 

337 

I 85 
34-2 

200 
34 8 

3-40 

29-7 

801 

20-6 

11-8(W 

15-8^ 

* * LiqiiM Mash 



8oUd 



Similarly, for sodium amalgams : 







Na per cent. . 0-45 

0-86 

1-88 

2-47 

4-80 

5-45 

10-0 

Cals.. , . . 18-8 

lB-8 

2M 

211 

18-0 

17-8 

10-3 

Lhiuia 

Mush 







The vapour pressures of the metal-amalgams have been measured by 
W. Ramsay,* and the conclusion drawn that the metals are monatomic when 
dissolved in mercury. U. von Wartenkwg failed to get satisfactory measurements 
of the vap. press, of the compound NssHg. ife assumed that a compound exists 



MERCURY 


mu 


in the state of vapour at abou%500®, but 0. Neumann's vap. pwas. obiem* 
tioni do not support this hypothesis. C. T. Heyrock and F. H. Neville have 
measured the*treMinir point of amalgams and have drawn •similar conclusioni. 
G. Tammann likewise inferred that the metals are dissolved as simple monatomio 
mols. A. 'Larsen inferred that the degree of ionisation of the dissolved metal 
increases with decreasing cone, and rising t«inj). (S. Meyer showed that the e.ntL 
E of cSIls with amalgam x^lectrodes containing f different proportion Ci and Ti of 
metal, and a salt soln. used os electrolyt»\ is given ly nE -RT log (L'l/Ug)* where 
R is ^he gas constant, T the absolute temp., and n the number of unit charges 
carried hy a mol. of the metal. If the metal is inonatomie, n rt'pn*senta Hhe 
valency of the metal ; and if the metal has a ]»olyatoniic mol., then dividing n by 
the valency, there remains n' the number of atoms in the mol. The value of n/n 
was found by A. Scholler, T. W. Hichards and (i. N. ls*wis. and H. Fay and K. North 
to be equal to unity with a number of amalgams. K. Hal>er showed that the 
conclusion is not justified unless it can In* shown that the dissolved metals are not 
present as comjiounds MHgw K. IJoriu'inann also showed that theta* deductions 
apply only with.solytes which have no inclination to form comjKiunda with the 
solvent. G. McP. Smitlc.also show.nl that the f.]) , and the vap. press, methods 
prove only that the solut<‘ is prefM*nt either in single atoms or as mols. MHg„. 
According to V. Mers and W. Weith, L. Sehii*. and 0. MeP. Smith, the general 
results shov that in all j)robal)ilUy anuihjatM are sohh of cotnfwund^ of the aii*WH» 
metal teilh certain definite jiroportiom of the sotreni mermry in an rxeess (/inatwry. 
E. Beckmann and 0. Lii'sehe found the effect <*f the alkali metals on the b.p. of 
niercury oorresjwnded with t4io formation of biuHgs or c* ll* M 


At these temp. i . i / n 

L. Arons^ found that when sodium amalgam is used as electrode tor tlio — 
aro^mpthe electrode tcn.sion is smaller, than with mercury, and the sodium, line# 
are strongest in the spectrum at the cathode. Potassiuiy anialgani l^vos s^ilarly, 
but the 8T)ectrum rarelv shows jjotuasium lines The photo-«emO enW witli 
potassium amalgams has heeii studied by H. P«dd and I>. Pringsheim. K. U. New- 
man studied t’le spark spectra of the alkali amalganiH, • >. i i. 

The electric conductivity of sodium amalgam shows no discontinuity tHftWMii 
107° and 13;3°. hut is rapidly lowereii by alloying sodium with the meti'Mty ; thew 
is a bn‘ak in the curve at tlie eutcctie point, and another when ! atomic per 
cent, of mercury' is jy^-sent. Xlns does not eoineide with 
where the curve pass's through a flat minimum According to H. ( . Kogers, there 
u a sharp bend in the curve showing tJu- relation la-tween the percentage 
of electa-ieal resistance and the eomiaisition at the eutectic point and ,)9 a^mio 
per cent, of sodium, but the curve is snamth if the 
gainst the atomic compo.sition? K. Boriien.ann ami G ^n 
measured* the sp. resistance R and the si>. conductivity of lithium, and sodium 

. • 1 .. And fniinn 


50’ IW)'* 

, 0-9882 1 0380 

I percent. Ll l-Oin 09034 

0.017 0-9760 1*0150 

0-043 percent. Li 0 9852 


0-00$ I 


IMi’ 

2fX>’ 

•iw 

100* 

1 0921 

1-1640 

1 2218 

1 2964X10* 

0 9157 

0-8665 

08185 

0-7720 X 10“ • 

1-0700 

1-1270 

1-1920. 

'1-2500x10* 

09340 

0-8873 

08389 

0 7943xm * 


they also computed the temp, coeff. of the resistance, 
sodium amalgam : 

« . 0-9976 1-0274 1 1020 1 1656 

•1-0^4 0 9733 0 9074 0-8679 


Similarly for O il pef cent. 

1-2360 1-3142x10* 

0 8091 0-7609x10-* 


G. P. Grimaldi, P. Mullgi, and A. Bhttelli'ipeaimred the electrical^conductivity of 
sodium and potaasiuni amalgams at different cone, and tsemp. 

A.Coehnand A. Lotz^ found pot^iumand sodiuA ama^amsm vac^are 
negatively charged with re«|>ect to glass. According to A. Obtrbpck and J. iSdtef , 
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the 0l9CtlOlllotiY6 f0fC6 of the amalgams towards mercury is in general equal to that 
of the metals tbemwlves. G. McP. Smith found that the electrochemical series .of 
the alkali amalgams^ in an eq. soln. of a mercury salt is ; -}-Li, K,*Rb, Cs, Na- ; 
and he measured the'e.in.f. of differenf^lkali amalgams against potassium amalgam. 
M. Reuter measured thci potential* of potassium ^algam against HgIHggO), 
iV.KOH in a methyl alcohol sofn. of lit|iiftm chloride. F. Haber and M. fck, and 
W. Kettembeil made analogous observations with sodium. amalgams. G. Nf Lewis 
and C. A. Kraus measured tl^! e.m.!. of sodium amalgams and sodium. E. Branly 
measured the e.m.f. of sodium amalgam against mercurous sulphate and carbon. 
T. Richards and J, B. Conant measured the e.m.f. bf cqnc.’c^lls of sodium 
amalgam.s at lb'" and 2 !’/\ and the deviation.^ from the simple concentration law 
were great<*r than with any other amalgam yet studied. The heats of transfer of 
sodium from oiui amalgam to another were calculated. F. Glazer, measured the e.m.f. 
of the cell KHmnigam I K('l | (H ; J. Regnauld, of pota.ssium amalgam in a soln. of 
potassium iodide with some iodine, bromine, or chloride agaiqst carbon in a soln. 
of potassium iodide ; E. Beetz, of KamaiKam I KOH | KMn 04 | Mn 02 ; C. Hockin 
and H. A. Taylor, the e.m.f. of potassium or sodium amalgam against amalgamated 
zinc, in a cone. soln. of zinc Hui])hute, and under molten paralHn ; C. Wheatstone, 
of I ZnSO^ soln, against CUSO 4 soln. and Cu of dil. H 2 SO 4 and Pb 02 , or 

dil. H 2 S ()4 and MiiO^ ; M. le Blanc, of Kainui«am A^-soln. of sodium chloride 
against zinc amalgam, and similarly also with sodium amalgam in iV-NaCl, Other 
observations were made, by G. Meyer, H. P, Cady, A. Scbdller, etc. T. W. Richards 
and K. N. G. Thomas measured the e.m.f. of lithium amalgam against pyridine 
soln. of lithium (diloride ; and G. N. Lewis and F, %G. Keyes, in projiylamine sat. 
with lithium iodide, as well as against a normal calomel electrode. B. S. Neuhausen 
measured the e.m.f. of cells made with sodium amalgam, soln. of sodium chloride, 
and the calomel ejectrode. T. W. Richards and G. S, Forbes did not find an 
indifferent electrolyti' for cells with sodium-amalgam electrodes, G. N. I>iwis, 
E. Q. Adams, and E. If. Lariman found the transport of the metal is no,t relatinl to 
an increase or decrease m the resistance of the mercury produced by the dissolution 
of the metal. G, Mnyr stated that the soluti* nudal during I'lectrolysis is trans- 
ported towards the anode, nnd'that with respect to the trans])()rt, then* is no 
a[)preciable distinction (i) between imdals, liki* thallium, which form compounds 
with the mercury, and those, like zinc, which di.ssolvt* in the mercury ; and between 
metals, like sodium and potassium, which iuen*tt.se the resistance of the mercury, 
and those, like zme, which diminish the resistance. * S. B. Fritnk and J. R. Withrow 
studied the electro-cndosmosis of thv aljcali metal amalgams. F. Skaupy cofi- 
•sidered the effeet of the hydrargyration of the mercury ions on the tran.sport number 
of liquid amalgam.s. 

Some chemical properties of the alkali amalgams. --H. Davy » found 
that sodium and ])()tassium amalganus readily change when exposed ta the air ; 
M. Berthelot showed t hat a superlieial film of alkali hydroxide or carbonate is formed ; 
and L. Schiiz found a U'bH per cent. ])otassium amalgam oxidizes in a few minutes. 
G. McP. Smith found lithium amalgam is hVs stable in air than either sodium or 
}>otassium amalgam G. S. Johnson found that liquid sodium or potassium 
amalgam retains an untarnished lustre in dry oxygen at ordinary temp, and at 
press, ranging from 0’05 mm. to a little over 7(50 mm. The amalgam kindled when 
heated below redness in dry oxygen and burned with e.xplo 8 ivc violence. 

G. McP. Smith said that with potassium amalgam, a dark film of potassium sub- 
oxido mixeiL^b^h mercury is first formed, and he found that while the purified 
amalgam reacts slowly with water, that which is partially oxidize^ reacts turbulently. 

H. Davy found that water slowly decomposes alkali amalgJbi, furnishing hydrogen, 
mercury, and potassium hydroxide ; dil. acids act similarly, producing the corre- 
sponding alkali '‘sat. N. S. Kurnakoif and G. J. Zukowsky found that the last 
three of c^ium are retained very ttuiaeiously caesium amalgam in the presence 
of water ; and G. M^^P- Smith observed |hat lithium amalgam is decomposed by 
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water more vigorously than pok^sium or sodium amalgam. £. and 

A. Riedel determined the rate of aecomposition of water by O il wr cent, sodium 
amalgam in tKe presence of metallic and other substanivs. , The amalgam (90 
grms.) was rapidly stirred With 50 c.c. of watea^nd a piece of the metal in question, 
and the hydrogen collected argl measured. The ex]>erimonts were carried out with 
ferro-molybdenum, cast iron, wrought ifou, iron carbide, silKHiii, ferro-silicon, 
ferro-vlflladium, ferro-tungaten, chromium, platinum, palladium, indium, nickel, 
cobalt, manganese, tantalum, graphite, and ferric oxide. It ia shown that the 
iron alloys of molybdenum, vanadium, tungsten, and clmnniuin have a very strong 
catalylhc action oh the process. This action dejK'nds on the im rease in the surfm'O 
of the amalgam due to the soln., and .subsetjuent siqiaration of the metals. There 
is a possible application of tiiis action to the manufactun* of sodium hydnixide by 
the mercury electrode iirocess. 0. W. Uidiardson measurt'd the emiseum of 
electrons when |)ota.ssiuiu*sodiuiu alloys arc dro]ij>ed thmugh water vajwmr at a 
low press. K. Kraut and 0. Ptipp obtained KHg,o by the action of a 5 P**'’ 
sodium amalgam on an aq. soln. of potassium hydroxide, or carbonate. F. llalw'r 
and M. Sack obsfrved that when an amalgam with more than 15 ]M*r cent, of 
sodium is dipped in water or a soln. «d SOdium hydroxide, it first bec omes spongy, 
and then furnishes hydrogen, while amalgams |M)(»r m sodium giv«’ off hydrogen 
from the beginning. 'W. Koiq) added that the decoiiqK.sition of sudmm amalgam 
by water or a soln. of a sodium salt progresses very slowly, with a sidn, of comnienMal 
sodium hydroxide turhulentlv. and with a soln of ].iiritied sodium hydroxide fdowly. 

G. Fernekes found that with A- or ,VV .‘;oln. of sodium alummtte, hydrocwbo^ 
hydrophosphate, sulphite, or tke ordinary liydroxide, the action accom})anied by 
the evolution of hv<lropui .» n.oo' vio|,.nl timu 

soln of sodium chloride, bromide, iodide, sulphate, borate, pnopbotpb^ 
acetitte, or the purifie.l hvdroxule J S< l.uinsnii found tlnit a onv ver n-nt. «|dnmi 
amaluani dccoiiiiiosos most of tli,‘ metal chlorides and tirms with them 
spondin^ aiualgiin, and lik.^vise also liy trituratniK the 

uowdered metal. ArcordiuK to .N, Itiinpe. mercuric or auric (Ml^e and tto 
Wlver halidea ale easily reduced by sodium anialiiani ; silver ctiloride is not 
^md” pXlcuni ; an aq, soln. of ferric chloride w n-lliK e,! partly to fiTrotis 
nartlv'to the metal, and if suflieient aiiialpaiii is present, iruii aiiiiiliiam “ • 

in ethereal soln. of ferric chloride is rhaiiped hiil slowly ; and a dil. hydroihloric 
acid soln of chromic chloride fpmislies a |;re. ii iKiiiid and chroiimiiii 
0 W Richardson sfiiilted the eniissioii of el.droiis wlsm potnssiuni s.)diuiii alloys 

am tliTough carbonyl chloride, chlorine. «n.l hydrogmi chlond. at a loiv 

’"*’r Bottuer H 0 Byers, and G M- 1- Smith found that sodium amalgam 
* nf thfl flIkAline earths or the heavy metals m gic prewnc^c^f a 

air water or in aq. spin, of the chloridca LiHg„. KHg„, Rbllg„, ana 

s A Briley ind«fer.. and G, .Mi l*. Smith and , 

Lion of mixed alkali salJ-Kiln. II. Hav)’ fojind that moiat 
Mtawium amalgam give\ jKit^ium saH and ammonium amalgam. 
to XTroude and W. H. Wood, aodiiyn amalgam 

with aq. with ammoniacal i»o|}i. of SOdium iWrophOf^htte p CIMlIlllI 
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dilovida ; foI]duite ; molten AiQinophiin folphatet nitrate* or anotete ; 

or with etbjl or methyl alcohi^o of ammoniiim chloride, c m Ja te, aodtete, 
hensoate, teHrate, fir sacdnate ; but it docs so with soln. of phenol or pyzogaUol 
in ammonie. , t 

M. Rosenfeld found that when a stream of air is ()assed over molten potassium 
amalgam, a grey ash remains ; this bepojnes brownish-red when heated to a higher 
temp. H. Davy found that the solid amalgam loses its mercury at a M heat, 
and V. Merz and W. Weith^ that potassium amalgam is more rapidly decomposed 
by heat than is sodium amalgam. When the alkali amalgam is distilled, H. Davy 
fo«nd it to lie very difficult to obtain a complete separation. . 

D. Tommasi found that potassium chlorate is not reduced by sodium amalgam; 
E. Fromm and 0. Gaupp, that sulphuryl chloride is not reduced in petroleum 
etlmr soln., but is vigorously reduced in ethereal soln. ; T. Curtius and A. Darapsky. 
that asoimide is not n^duced in alkaline soln. ; A. R. Hantzsch and L. Eaufmann, 
that sodium nitrite is reduc(>d to hyponitrite ; E. Fr6my, that arseniOQS Oxide 
or an arsenite is reduced to an unstable product which reduces cold potassium 
permanganate, and salts of copper, silver, gold, or mercury'; and E. A. G. Street, 
that chromic acid is energetically reduced. G. Ferness found that aq. soln. of 
hydrocarbons react more vigorously with sodium or potassium amalgam than with 
water, in spite of their low solubility in wat<^r ; amide soln. act as rapidly as ^q. 
soln. ; tolnidine and xylidine more slowly than in water. Soln. in alcohols, xetonef, 
and differimt kinds of sugar were also investigated. E. Fischer, W. Wislicenus, 
A. von Baeyor, A. H. Salway, etc., have studied the reducing action of sodium 
amalgam on organic compounds. B. Fetkenheuoc found carbon tetrachloride is 
quantitatively decomposed by warm sodium amalgam : 4Na-fCCl4— 4NaCl-fC. 
E. Vanstone found that sodium amalgam with a high sodium content is more satis- 
factory than sodium alone as a reducing agent in organic chemistry, and ho recom- 
mended an amalgam liquu^at 21*4'’ which contains 85° at, per cent, of sodium. 

According to H. Davy, }K>tasHium and sodium amalgams readily amalgamate 
iron and platinntn. Sodium amalgam w'as found by A. C. ('hristomanos to convert 
lino, copper, and platinum into their amalgams, but not so readily magnedum. 
E. Ramann found ferric oxide isVadily attacked by sodium amalgam. W. Oookes,® 
H. Wurtz, J. NicklAs, E. P. H. Vaughan, J. B. Thoin.son, E. Silliman, and L. P. Cail- 
lotet have discussed the use of sodium amalgam in the extraction of gold. 
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§ 40. Amalgams of Copper, Silver, and Gold 

W. J. ItumplireyH ^ fouiul tliut topper ilissolve.s very .sparingly in inereiiry, at 
room timip, li. Iggeua lountl the iiertontagt* solubility to bu 0 10 ; T. W. Richards 
and K. N. G. Tliobias, O ogl’I per eent. ; and A. Gouy, U (Mil jier cent. E, N. Hors- 
ford said that copper is not permeable to inercury. but J. Kiekles, and A. Kuop 
found it to bo slightly permeable and the metal to become brittle, but C. Diozel 
found that some varieties of co])per do not lieeome friable. A piece of copper foil 
in a Boln. of mercurie nitrate i.s gradually ])<‘netrattHl by the precipitated mercury, 
and thus bccoipes. brittle ; R. Laiau u.sed an acidified soln. of mercuric nitrate; 
W. J, Humphreys found that copper diffuses rapidly in mercury. N. A. Puschin 
said that the ehemiciil nature of copper is not alter^ when diluted with mercury’. 
J. P. Joule said that the amalgam prepared by electrolysis, and by dissolving 
copper in iu^}rci|ry , has t he composition of copper merciiride,\:uHg ; but the evidence 
for the individuality’ of this product is meagn'. J. Schuinanu said the sp. gr. is 
12*655, while that calculated on the assumption that the product is a mixture, is 
1200. 

The preparation ol copper amalgam. — R. Boyle, hud W. Lewis obtained 
copper amalgam by triturating mercury with vcnligris and common salt ; the 
former used a littli^ vinegrfr, and puritied'the product by washing. J. Schumann 
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faiW to wrify these observatiogB. J. P. Joule pre^red an amalgam approxi> 
JMling to CuHg, by dissolving copper in mercun', and removing the exoeua ol 
latter by stroiljg press. W. Ramsay, and D. ichinstcin and A. Burger stated that 
cop^r readily amalgamates with mercury, 4 the surlace of the wppr Iw cleaned 
with dil. sulphuric acid, wasjied with distilled water, and dried with tilter paper; 
a little of dry mercury is then rubbed ^In* surfaVe of the copper and the exceaa 
fit mewury removed, fi. and A. C. B<H'querel allowed a strip of copper to sUnd 
in contact with mercurous chloride immers'd in distilled water. J. J. Berielius, 
R. B. Boulton, M. Gersheim, (', K. Kouig, M. IVttenkofer, etc., triturated t^pjier 
dust deduced from ,the dxide by carbon monoxide or pn-cipitaUnl from a Sfdia of 
the sulphate by zinc or iron, with mercury and a few dn»ps of mercurous nitrate, 
or with a mush of men uric sulphate and water at CiJ -7n . E. W. Jungner used a 
modification of this process. J. fy humaun precipitated the copper fnmi the cupric 
sulphate soln. while in contact with menury. A V. ('hrwt 4 imHnos bnuight the 
copwr sheet in contact with ammonium amalgam ; I’ Klauer, and J. Schumann 
used one per cent, sodium amalgam m a st»ln of cuprn Miljihate; R, Bottger utiod 
a cone. soln. of cmpria sulphate and ammunium chloride ; ami A. A. Danmur, zinc 
amalgam in an amihoiiiaial soln. of (ii]»nc sulphate. W. R Grove, J. P. Joule, 
H. Iggena, J. ijJchumann, ^iid A. Guntz and M de Grieft, pn’juired cop|HT atuulgam 
by the electrolysis of a soln of cupric sulphat4‘ with a mercury lathode. G. raal 
and H. Steycr pn jian-d colloidal copper amalgam by shakmg copper hydrosol 
with mercury, or by mixing copjicr and mercury hydrosols 

The properties of copper amalgam. — Tin* colour of <'o]»]>er amalgam varies 
from silver-white to a glUlden-^’ellow, and to a light red J. j*. Joule, H. Jggena, 
and J. Scdiuniann obtained crystals, which A. (/. Ihcijm-nd regarded as rhombic 
prisms with pyramidal ends. P. I. Ba< hmetjcil found that a contraction in volume 
attends the formation of co}>j»cr amalgam. J Schumann fonyd that a 13 4 per 
cent, amalgam has a specific gravity of 12 <]•'>.'> when Inyiid, ami, after solidification, 
12*90 ; wh^ile an amalgam ajtproximatmg to HgGu has a sp. gr. 12 Ori.V the values 
calculated from the mixture rule are respectively 12 37 ami 12 (tO. J. J*. Joule 
found for the sji. gr, of eop[tcr amalgams . 

llg (|>er cent.) . . Hi oa so 20 sooo 78 .*10 7<n3 77-32 74 32 7i eS 

8p.gr. . . . 13 32 13 20 13 185 13 17 13-61 13 70 13 01 12*99 

G. Meyer measured the surfac^ tension of a iMHi.'iO.'i p«'r tvijt. cop]»er amalgam 

against salt soln. E.\on Scliweidh r im*usun*d the coeff, of viscosity of a 0*6 per 
cent, copper amalgam and found the valiy*0-tjIG2U with a O'lnp coeff. 1—0*003020 
>OO(KKKt250G According to A. Guntz ami M. de Grieft, amalganm containing* 
14 per cent, of coi)p<*r, llggt’U;,, up to 2110 per cent, of copper, HgCu, may bii 
prepared by a pressure of G2">0 kgrms. per sq cm , and by the^Hanie press^with 
boiling nv'rcury, amalgams with 45 to 97 jx-r <enf, of cojtper have been made. 
J. Schumann found tlie cubical expansion l.x*t\veen 17" and 155' is 3*1 jicr cent, 
for a 13*4 per cent, amalgam, ami G G j»er cent for the amalgam aiijiroximating to 
CuHg. According to A. Guntz and M de Grieft, the melting point of the amalgam 
approximating HgCu is approximaO'Iy 135^'. K. de Souza said that the action Of 
heat on copper amalgam furni.^hes HgCiij^ in a hath of suijihur vapour, HgCui 4 , 
in the vapour of mercury and in the vapour of dipheiiylamirie ; but V, Mers and 
W. Weith found that after H hrs in a suljihur vapour- bath, or 24 hrs. in a mfercury 
vajK)ur-bath, the product is virtually pure c(»pper, and only 0 GG per cent, of 
mercury nuiiaincd in an amalgam heat4*d 22 hrs. in a diphii»n}4tminc-batK. 
T. W. Richards and S. K. Singer found that all the mercury can tx; volatilized over 
350® in a stream othyiftogen, and that a trac e of coppf*r is volatilized at a higher 
temp. A. Cochn and A. J^tz found ropjice^malgam in vacuo is positively ciuifged 
when in contact with glam. A. Battelli, and A. P. Schleicher measured thb clOCifUtl 
ICfistance ; G. Meyer obtained eyidenc*5 of the ionizatbn* of both coptier tnd 
mercury in the dil. amaigain. G. Mejer measured fbe deotrqpiottve lOICt in 
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•ob. of todmm hydroxide, 'poloitium o^iMe, tulf^ric acid, hydrocMoric acid, poiac- 
Hum iodide, iodwm carbonate, magnetium iulphak, and lead acetate ; V. Bothmimd} 
with N-HjSO*. and 45iV-Cu804 ; N. A. Puachin, Cu 1 N-CnS 04 . 5 H 20 | CuHg, ; 
C. Hocldn and H. A. Taylor, OvlU^ 1 dil.H 2 S 04 1 ZnHg* ; and J. F. Spencset, 
with N-aoln. of cupric boUs. E. Cohen, F. D. Chattaway, and W. Tombrock foaod 
the e.m.f. of cells with copper uinalgani b indejMindent of the cone, between 1 and 
16 per cent, of copper ; C. R. A. Wrighf, D. Ibnchinatein and A. Burger, andUG. Gor^ 
have also studied this question. J. Boszkowsky measured the hydrogen polanjsation 
with copper amalgam as cathode, L. W. Ohulm investigated the e.m.f. of cells with 
copner amalgam in cupric sulphate soin. against mercury and mercuric sulphate. 
R. Lacau found that the surface of amalgamated copper retains its lustre in acidic 
soln., but in air or wat<!r, it soon turns greenish-grey ; and A. Vogel found that the 
surface of copper amalgamated not too thickly loses its metallic him after 12 hrs/ 
exposure to air. M. Pettenkofer found that hot water, dil. acids or alkalies, alcohol, 
or ether do not attack copper amalgam. According to M. Pettenkofer, and 
W. F. A. ThomuD, copper amalgams have been used in making blocks for printing 
diagrams, and As dental cement, and in the amalgamation process for gold. 
J. Alemany has discusst'd the use of amalgamate d copjfpr cathode in place of the 
mercury cathode for analytical work. * 

Silver amalgami.- -The power possesst'd by im‘rcury of “ li(;king up " gold and 
silver must have been known from early times. Pliny, in his Uidoria naturalis, 
refers to the amalgamation of gold. According to A. (Jronst^'dt,* silver dnialgam — or 
simply, amalgam, or argerUal — was found as a mineral at Sala (Sweden) about 1660. 
The native amalgam has since then been reported fr{>m m&ny other localities, and in 
some cases given sjiecial names —arquerite, from Arqueros in Chile ; bordosite, from 
Bordos in (Jhile ; and hnigsbergite, from KongsbiTg in Norway. The reported 
analyses range from Ag : Hg=18 ()4 : 81 36 to 95*8 : 3*6 per cent. • 

According to J! F, Daniell,* when a silver rod is immersed in mercury' at ordinary 
temp., a little is dissolved Lr\ the cours*^ of 24 hrs., but the rod remains, malleable — 
even in 6 weeks, very little silver is dissolved by the mercury ; but if ihe mercury 
be gradually heated to its b.p., and then slowly cooled, soft m^icular crystals of 
an amalgam are dejmsited on -the silver rod near the surface of the mercury, 
W. Haidinger reporkd that the two metals unite very slowly and that the silver 
becomes crystalline and brittle, and not infrequently covered with large crystals. 
Such crystals of amalgam wen* found by J B. A. Dumas, G. Kiistt*!, and C. A. Kenn- 
gott, in the nu'rcury wells where amalgamation processes art^used. A. Ogg found a 
liUle silver dissolved in mercury at room temp. W. J. Humphreys said that 
0*05 per cent, is dissolved at 27"\ aiid more at a higher temp., as observed by 
J. B. L. Rom^ de I’lsle. A. Gouy also measured the solubility oi silver in mercury, 
and found it rises rapidly with temp. W. Ibynders dissolved about 2 per cent, 
of silver in mercufy ; and A. Feodoroff, about 6 per cent, in an open vesst*!^ E. Maey 
showed that the amalgams cannot be juvpaK'd in any desired proportion by melting 
the constituents together, because the m.p. of silver is so much higher than that of 
mercury, and the solid amalgam is but sparingly soluble in mercury ; he obtained 
an amalgam by dissolving silvt'r, in heated mercury, poun*d ofl the liquid ama^am, 
and after cooling, ^removed the liquid from the solid amalgam by press. W. J. Hum* 
phreys found the rate of diffusion of silver in mercury to be very rapid— 20 mm. per 
minute. 

K. A. Winkler found that mercury has scarcely any action on silver oxide or 
silver silic^ ^t ordinary temp., and that silver amalgam and mercuric sulphide 
are formed when mercury and silver sulphide are triturated together for a long time ; 
eilver chloride also when triturated with mercury and walbr behaves similarly, and 
the presence of a little smlium chloride .or sulphate accelerates the reaction, and the 
reaction ie quite rapid if some powdered iron k* present ; (%per acts in the same way 
but less vigorously ; simper sulphate and mercury similarly form mercurous sulphate 
and silver amalgajn. J. *W. Mallet and* R. Segura found that precipitated silver 
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IS rednced by prcury, and that the precipiUled ailver unitea with^; portion o! th« 
mewnry, forming a crystalline amalgam in the form which J. B Jj. RomA do i’lido 
^id i84fM-o^nu sow le nom d'arbre de Dwine— joiivr-lrcc, or orhor dianm. If tha 
proportion of mercury be too large, the produc t Is liquid, not cryataUine, and to form 
1 ?^ one-eighth of ‘silver was recommended by 

M. XT. Jvlaprotb, G^, Kiistel, and J. J. Bc^rselius, hut J, L. Proust found merqury 
alozie Mts as well. A little free acid accelerates the H‘action. A. Ogg studied the 
equiubrium conditions Ix'twecm mercury and soln. of silver nitrate, and obtained 
2Hg f2.Vgvi2Ag ami not Hg+AgwHg'H-ili. 

J. B. Vitalis, and F. Fouque and A. M. Ij<*vy us(*d a soln containing both silver and 
mercury nitrates. D. Dehne analyzed a silver-tn^e with 81 30 per t'cmt. of silver. 
F. L. Hunefeld foimcl that if men ury U* left for a long time at tfve IwiUim of a dil. 
soln. of silver nitrate^ the silvc'r-trt'o first formed is dissolved by the underlying 
liquid anmlgam, aud^ftei^^ time, long four-sided lustrous prisms containing 68‘3 per 
cent, of silver were formed. R. Bdttgt'r also pn*par«*d silver amalgam by the action 
of sodium amalgam on a soln. of a silver salt. 

G. Campani found that silver, j)articularly if finely divided, preci}»itatee mercury 
and forms ah amalgam when added to a soln. of mercuric chloride, or of pottMium 
mercuric iodide, at ordinary t^'mp. H. (’. Jones claimed to have made silver 
amalgams of definit<‘ coltiposjboii by preparing a double salt of a definite mijtture 
•f salts of the two metals with the subsequent reduction in the cold. When mercuric 
chloride, for example, acta on either silver or iiien-urv, or an amalgam of the two 
metals, each atom of either metal combines with a mol. of mercuric' cliloride. Th« 
chloride is then n‘dueed by means of a soln. of ferrous oxalato mixed with an excess of 
potassium p.xalate to Icch*]) the iron salts m soln. A soliiVof sodium sulphiU^ may also 
be used as the reducing agemt. A. C, Becquercl obtained crystals of sdver amalgam 
by allowing soln. of silvc^r and mc*rcurous nitrate's to Is* separat^'d by a cracked 
glass tube. W. R(‘indcrs obtoiiK’d silver amalgaiu by shaking a niixc*d soln. of 
mercurous and silver nitrates with mercury. A (I B«‘cqui*rel also allowc'd a mixture 
of mercurous and silver chlorides to stand under wat4‘r with a strij) of amalgamated 
copper for some days. J. P. Joule, J. Schumann, and C. Luckow niade silwr 
amalgam by the electitilysis solrf of silver salta with a mercury cathode. 

Over a dozen chemical (onijumnds have Ix en rc'ported with formulic based upon 
analyses, but for moat of theuj then* is very little evidence which would justify ibeir« 
being recognized as chemical individuals. For examjde, the native mineral arguerite 
has been given the formula lfgAf^ 2 > based upon the analyses of P. lic'.rthkr, and 
I. Domeyjo ; and the formula HgsAgjj baseci on the* analyses of J. G. Beb/^ibor, 
V. Cordier, J. C. H. Heyer, A. Lacroix, etc., has l>een assigned to native amalgam, 
Analyses of a native amalgam from »Sala by H. Sjogren corrc'spondc'd with Hg 9 .^ 5 *~> 
the «). gr. was ll'fiG, vtde supra, the or<‘urrr*nce of silver amalgam, J. H. Croockewit 
obtiAned produds with comiHisitions coriespondmg with lIg 4 Ag 2 , HggAgj, Hg^Ag^, 
and HgAg ; H. C. Jones, with HgjjAg, HgisAg, HgijAg, UgT^^, Hg^^Vg, I^Ag, 
HgsAg, and HgAg ; and F. T. Littleton, with HgiAg, which he said has a heat of 
formation of 3432 cals,, and a sp. ht. of 0029 when the value calculated from the 
mixture law is 0 0359. The latter also said that the heat of formation of HgfAg from 
silver foil is 1'53 Cals., and from silver crystals — 0'40 Cal. F. L. Hiinefgld cUirnad 
to have made a comnound Ag 4 Hg by the action of mercury on a soln. of silver nitrate 
until the silver-tree m«t firmed has dissolved, and the li(| 0 id amalgam hascrystaUiwd. 

According to E. Maey^the changedn the,^. vol. with the cone, of silver amalgam 

g ves a curve which has break near the vlUue calculated for Hgi/g, while A. 9m 
ilieves that the composition is bettor represented by Hg 4 ^. The curve showing 
the relation between the conipositiolh of the amalgam and the vapour pressure shows 
VOL. IV. ' 3 u 



i026 


INORGANIC AND MBORETICAL CHEMISTRY 


the exifltenre of gUver tetratritamerooiide, and HgAg ; and, according to 

A. Ogg, K. Bomemann, and R. A. Joyner, in acrevacuatcd vessel, the equilibgium 
between silver and silver saturated with mercury corresponds wth Hg 4 Ag 5 . 
W, Remders obtained large necdle-like^rystals of Hg 4 Ags. by shaking mixed soln. of 
silver and mercurous nitrates in whiefi AgNOs— 0*57 to^O'61 (AgNOs-fHglJO^) at 25® 
for 12 to 20 days. According to A. Ogg, the heat of formation is 7336 cals, per mol, 

M, H, Klaproth’s analys<*s of a nativb amalgam from Moschcllandsbei;^ corre- 
sponded with HgAg. A. Feodorof!*8 cooling curves of silver amalgams showed thaf 
those with a composition, silver mercnride* AgHg, are probably eutectic mixtures. 
W.Jle inders b<5lieved that in all })robability HgAg does not represent a trueecom- 
pound, whilr- K. Borne mann thought it did. W, Ramsay said that amalgams have 
this composition aft<‘r lu'ating to dark redness. J. H. C'roockewit claimed to have 
made an amalgam <d this composition by reducing a moderately cone. soln. of silver 
nitrati' with mercury, and H. C. Jones, by the action of silver, or silver-amalgam 
on a soln. of mercuric chloride. The lattt^r said the sp. gr. is 12'8099 at 20720. 

According to VV. Renders, the products Hg4Ag3 and silvbr ditritamercnride, 
Wg'^Aga, separate from a mi.xturi^ of mercury, and soln. of mercurous nitrate and an 
excess of silver nitrate, in the projiortions AgN03W)-87*,to lt)0 fAgN03+HgN03) 
for 5'30 days at 25^ ; or by shaking finely divided silver for 7-19 days with an 
excess (»f a soln. of mercurous nitrate. The crystals of the latbT have a reddish 
tinge ; those of tiu! former a bluish tinge. The product also appears as a pale grey 
jiowder. K. Miilh'r and R. fldnig made midallic needles of silver tlihentlmercuride, 
Ag2Hg3, by keeping a dro]) of nuTcury in contact with a soln. of silver nitrate and 
cu])rous iodide in dry jiyriiline W. Reinders also churned to have obtained evidence 
of th(' formation of a compound silver tritamerc oiide. At!,ltg. 

A<!(;i)rding to K. Maey, silver amalgams with 0T3 per cent, of silver are liquid 
at n'o" ; one with 10 ]M‘r cent, of silver was a mush of liquid (‘rystals ; and amal^ms 
with more than this amount of siIvit are solid. According t^i J. P. Joule, the 
8]i. gr. of some amalgams are : 

Silver . . :ur) r.l a 53 5 eo o 74 B 72 3 nor cent, 

gr- • . HBH 145-49 13 25 12-34 12 54 11-42 

According to E. Mai'v. th(‘ sp. gF. of amalgams with up to 29'r) ])(‘r cent, of silver is 
almost the same as that of mercury, ami the sji. vol. is nearly 0 07380 ; and with 
amalgams containing from 9751 to 37'0 ])er (-ent. of silver, the sp. gr. falls from 
13-197 to 9-7r)l, and the .sp. vol. v is given by i>-^0 ()J)77 1 0 (KK)477tc, where w denotes 
the per cent, of silvi-r. Amalgams with 77-5 per cent, of stiver were obtained by 
^co«upressi()n, and more nuTcury can be.ren^ived by compressing the warm amalgam 
— at BH) ’, an amalgam with 70 per cent, of niereury was formed, and at higher temp., 
one with (51 per (-ent. of mercury was produced. Amalgams with still less mercury 
were^btaiued by.evajioratiug oil the mercury. •A. Ogg found that the vap. press, 
of amalgams (-ontainmg an e.xce.ss of mercuj-y is very nearly eijual to that of pure 
mereury, but falls very (-onsiderably whim the composition approaches Hg4Ag3, 
and the amalgam is m (-ipitlibrium with mercury. W. Ramsay found the vap. 
press, of an amalgam was lowert-d 22 8 mm* by the dissolution of 3 22 gnu. -atoms 
of silver* in 100 of nu rcurv, and if the silver wert' atomi(-. this would correspond 
with an at. Wt. Jlli*-!. E. D. Eastman and J. H. Hildebrand found silver to be very 
spAringly soluble in mercury at 318", and an amalgam with 1-27 per cent, of silver 
has a normal vap. press, in accord with Raoult's law. E. Beckmann and 0. Liesche 
applied the b.p. method of determining the mol. wt. of silver in mercury and the 
results agrt^wkh the view that silver is monatomic. A. Matthiessen and C. Vogt, 
and N. Parravano and P. Jovanovich, have measured the (d(^-trical resistance of 
silver amalgams ; while C. L. Weber found the sp. resistanfe R, referred to mercury 
at 18°, to be : ^ , 

* per cen t. Ag. * 1*0 per cent. Ag. 

R . 17-2'' -SW 39 8® 1?2® 18; 42*9® 18-1® 18-0® 

R . 0 9^48, 1-018^ 1-0276 1 OOOj 09984 1 0245 0 9811 0 9930 l-OlOe 
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. A. Battelli found the differences between the obfu^rved «nd cmlcubited sp. letist- 
negative and increase wfth increasing proportions of silver, and are positive 
witn Hg : Ag*=4(X) : 1 ; with higher prujKirtions of silver the rt'sistanc** iMM'oiuat 
negative. A. R. Calvo found that for very dil, anialgauis with*tip to (»U(i wr cent, 
of silver, Jietween 0° and 20 \ the electrical n^sftitance: is a linear function of the cone., 
and at higher temp, the n^sistance then furnishes arurve ctmeave U> the cone, axis. 
^W. Rfiinders found that liquid amalganfli containing (M)’07t> j-mt tH*nt. Ag coexist 
with 8oln. in which the silver nitrate is 0^-2 r» j^*r cent, of the total aalts ; the com- 
pound Ag 3 Hg 4 coexists with soln. containing frtun 2 a fo 18 jM*r cent, of silver nitrate ; 
the €ora})ound ‘Ag^Hgo'coi’.xista wnth soln. containing from 18 to 40 |K‘r im\y of 
silver nitrate ; the conqKmnd Ag^Hg coexists with soln. containing from 40 to lOO 
(nearly) per cent, of silver nitrate : solid soln. of mercurv in silver coexist with 
soln. containing })nutically n(>thing hut ^ilver nitrate, the potential ditfeivnco 
metal/soln. changes with conqxwition in a inuniier which is in liariuony with the 
equilibria just dewTihed A. Ogg found the jolarizatioii e lu.f. is Vi‘ry nearly equal 
for soln. of silver and mercurouh nitrates, but is lower for mixturt's than for either 
soln. alone ; and silver ninalgani is a '* nobler ” metal than either of its constituents 
with respect to*solit. of ^inen uroiis and silver nitrates. 8 Lindeck, and (1. Gore 
measured the e.m.f. of silter amalguiu.s. and Ibx km and H A. Taylor of amalga- 
mated silver against ainaigainaled zim* in dil. sulphuric acul IT Muller and 
R. Hduig found the e m.f. of the cel! Ag | 0 lA’ AgNO^ in pvruliiie i Hg is (I O.'JH volt ; 
but if the*|)yridine i.s sat with < uj>rous iodide, the e m f is ()d7 volt. L. Arons 
found that the voltage for the arc lamp is higher \Mtli silver amalgam tlian with 
mercury alone -the s|H^trunLof siKer ajipears only in tlie light at the cathode. 
•A. Cochn and A ls»t/ found that silver amalgam is positively idiarged with n*sjKict 
to glass in vacuo. 

•When .silver amalgam is heated, the mercury volatilizes, but, n<‘cording to 
J. L. (lav Lussac, .some mercurv is n'tamed even at the m p of flilver K. de Souca 
found that in a .sulphur vapour-bath, the residue (out^ineil HgAgi;i ; in a mercury 
vapour-bath. HgAgu ; and in a ilqdienylamine bath, HgAg 4 , and V. Merz and 
W. Weith found that if the amalgam Iw heat/«‘d m a sulohur vajiour bath for 21, 
72, and Kk) Ims there remams n*spe<tively 2 d. J 2b, and I 2i ]H‘r nuit of silver, 
and in a dijihenylamine bath for .'Si and 78 hrs there remains ri‘si»ectively r>'4 and 
4‘4 per cent of Sliver At 2<x» in a stream «d nir, (I A 1 1 ulett obtained a distillat-e, 
with one part, of silver m .Tk'l.tMi ]»arta of mercury ; after a second distillation, 
0 03 part of silver ii# l,00<»,00«f parts of mercury ; ami aft4 r a tlimi distillittJon, 
no silver could be detecU*d m the distillate- ^ With very carefully regulated heating, 
P. J. A. 8chlo.s.s<*r obtained the residuaf silver in a clendntic form. (’ Brame in^% 
a similar ob.serv’ation with n-speci to silver amalgam as that which he made with 
re8i>ert to silver. C Hoc kin and A 'l .n l.»r mad- a silver-COPPer amalRam, and 
measurcc^ its e m f against amalgamated zim or dil. sulphurn- ufid The soa-alled 
denial anud^jam, studn-d by A W (ifav. is an alloy of silv- r and tin with may 
be 5 per cent, copjier For us<* it is niixc-d with nv-nury. 

Gold ftmalgama The rcMiiarks ('(flxcTiimg tin- c-arly liistory of silver amalgam 
arj'also applicable to gold amalgam. In 178.3, .t B. L. Home de risk** reported 
quadratic prmms of native c/o/d umahjaut. U F. Marcliand dc*Hcnl>i*d ^ sample from 
Uolumbia, and, acconiing to F. 8c limit z, sainjih-s have la-en reported from almost 
all districte where gold occurs. Analyses range frc»in .'i8-30 tx) 4 1 (>3 i>er cent, of gcrld ; 
,b7’40 to 60 98 per cent, of mercury ; and with up to b j>er cent, of silvc-r. The formula 
Au 2 Hg 3 hOvS been applied to many native gold amalgams. * ^ ^ ' 

According to W. Guertler,® the solubility of gold m solid mercury is small. 
A. (3ouy measured* thesiolubility of gold in mercury, and found the solubilitiei ol 
copper, silver, and goidjto be OOtXjtH, (t'tKXJS, and 0'(K.)13 part of rnetal per unit 
weight of amalgam, if von Wogau found the diffusion coeff. of^gold^n mercury 
to be i(:~8'33 cals, per sq. cm, per sec, at IF ; while W.^.. Roberts* Austen found 
the diffusion coeff. of mercury in gdld to4>e k=^f’72 at IF'. 0o|d amalgam is slowly 
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formed by mixing its conetituente at ordinary temp., but more rapidly if the temp, 
if nkised—eay, by putting red-hot gold plates imo merci^. J. F. Daniell atat^ 
that a bar of gold dipped in cold mercury quickly turns' white, and is sOon completely 
penetrated by merciny, but even afte| a month the gold* remains nmlleable and is 
covered by small crystals. With boiling mercury, the gold dissolves, foming a 
mass with a pasty consistency. * M, Faraday, and C. Barfo^ noted the volatilixation 
of mercury from the amalgam. W. Skey doted that some grains of native gold resist 
amalgamation because they are covered with a film of sulphide. The production of 
amalgam in the extraction of gold has licen previously discussed. L. KnafiBl recom- 
mended precipitated gold for the preparation of amalgams; ^T.'Wilm used dil, 
sodium amalgam in place of mercury, and washed the product with cone, nitric acid. 
J. H. Croockewit pr(‘pared crystals of what he regarded as Hg 2 Au by amalgamation 
and filtration by ])reHHur(! tlirougb leathy. T. H. Heniy^ j)repared four-sided prisms 
of what he regarded as HgAu^ by dissolving one part of gold in 1000 parts of mercury 
and filtering the soln, through leather. E. de Souza obtained HgAusors as a 
residue after heating the amalgam in the diphenylamine vapour-bath; and HgAug, 
by heating the amalgam in a bath of sulphur or mercury yapour. C. Paal and 
H. Steyer prepared colloidal gold amalgam. \ ’ 

The amalgam with (i parts of mercury and one of gold crystallizes in four-sided 
' prisms. A. II. Cluster obtained hexagonal jirismatic crystals by the action of 
mercury on gold and by dissolving out the excess of mercury with dil. nitric acid. 
T. Wilm’s ])rocefls furnishes acicular or columnar crystals. W. Ramsa^ measured 
the lowering of the va}». press, of merc ury by gold, and G. Tainmann, the lowering 
of the f.}). Th(* results in both (uses agree with mo^jatomk*. mols. E. D. Eastman 
and J. H, Hildebrand measured the va]». press, of gold amalgams at cone, up to 
23*7 per (’cnt. of gold. 'Hu* separation of a solid occurs at a eonc, of 16*5 per cent, 
of gold. With more dil. soln. the vap. jin'ss. are greatc‘r than accord with Raoult's 

law. E. Beckmann and 0. Liesebe 
found that the b.p. of gold amalgam 
agrees with the presence of monatomic 
uncombined gold. N. Parravano made 
a thermal diagram of amalgams with 
0 to 35 per cent, of gold, and obtained 
a horizontal line at 100°, which was 
taken to correspond with a reaction 
lM*tw<M*n a solid, 'Separating at a higher 
and the li(]uid to form a new 
solid stable at a lower temp. 
S. A. Braley and R. F. Sc'hneidcr 
obtained tlu^ n'sults sliown graphi- 
(•ally in Fig. 4(5. There are, thus two 
‘eut^'ctics, and three eomjmunds, gold 
hemimerouiide, Au^Hg, gold penta- 
'hemimercuride» Au 2 Hg 5 , and gold 
tetramerouride, AuHg 4 . A. Mattuies- 
^ „ sen and C. Vogt, and N. Parravano 

omic per cent p Jovanovich measured the 

‘Fio, 46.— -Freewng-point Curves of CloUi electrical conductivity of gold amai- 

Amalgama, gams, and found the conductivity at 

the gold end of a series with less than 
10 per cent, of mercury’ decreases as the proportion of mercury increases. 
A. Coehn and A. Lotz found gold amalgam in vacuo is^qwisilively charged with 
respect to glass. 

If gold amalgam be strongly heateu, the mercury distils off, and if the rise of 
temj). be carefully regulated, the gold remains in an arborescent form ; L. Knaffl 
obtained crystals of^old'b} heating the amalgam to 80°. According to E. de Sonxa, 
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if hMted to the b.p. of sulphur, (a mercury, until the wei|iht is constant, the C 4 iin« 
poalfcm imp^uiates to HgAu^,. and to HgAu« in a bath of diphenylainine, V. Men 
and W. Weith found the weight alters with time so that the amalgam contaiaa 
1*07 per cent, of mercury'after heating lit) hrij.jn a bath of sulphur va})our, per 
cent, after 44 hrs. ; and 0-3|l i)er cent, after (}() hrs. Similarly, after 24 hra, in a 
mercury vapour-bath there n*inaiii 2 63 <Ynt. of mercurv ; 175 [>er cent, after 
*75 hrs:* 1-48 per cent, after 114 hrs. ; and 1 43 jH*r cent, after 134 lira. Likewise 
also m a bath of diphenylaiiiinc vapour then* reiuapis 7‘8() per cent, of mercury 
after^24 hrs.’ heating ; 5*3 |R‘r cent, after 4H hrs. ; and 4 5 wt cent, after 75 hra. 
Q. A. Hulett didtillrd a sat. gold amalgam and found the distillate had 0027 ptft of 
gold per 1,000,0(.K) parts of mercur}’ ; and aftor n^peated distillation only t>t)l )»art 
per n^ion. 

G. Kasanzeff found the comjmsition of gold amalgam remaining after the action 
of nitric acid on the liquid amalgam d(‘)M>ndri on the tomp. and cono. of the acid. 
The yellow or brow;i residues contain 8 4 18 4 jM>r cent, of mercury. W. Hamaay 
said that gold amalgam is not very soluble in mercury. J. H. Croocke.wit found 
the 8p. gr. of crystaUof Ug.^Au to Ik* l,''ii42 : F. L. jimnenschein gave 15 47 for 
HgjAu 2 . A. Wehrle pn«)aretl a mi.x«*d r/oW-si/wf muiUjtim, and R. F. Sc'hneider 
regarded pieces of a mixea amalgam which he obtained from (Vilumbia as containing 
HgafAu, Ag) ; \V. U. St'oiiion gave the composition Au(llg, Ag)*. 0. Hockin ami 
H. A. Taylor measured the e.m.f. of a mixed amalgam against amalgamated zinc 
in dil. 8ulp*liuric acid. 
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§ 41 . rae Amalgams ol the Metals ol the AiLiinl Earths 

H *” J . ***'’ ttlfinity of calcium* for mercury ia small 

tempTaud'foMdL'^**^* Vwlpb'lity of barityn and atrontium in mercu^ it different 
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at ordmwv temo anf^ 1 <iisst»lve8 Irtit alowly in niorcury 

a aoln containimi’o-^^ »halcmg the two in au aim. free fn»m moiitvm^ 

H P (kdv ^ u\\ I^*r grina. of mereury can be obtained. 

^ olemenl^ ti|; to the b p of m,*rcurv, and found only a 

Binall proportion of calcium was dissolved M* von Wogau measun^d the difluaion 
Coen, k in cals, per sq. cm. per sec., and found for t'alcium at 10 2'^ 1- 6 4r> ; for 
stroittium at 9 4®, ; and for l)arium at 7 8 . k -G 02. 

^ preparation of amalganis of the aUnOme eaiths.-ll. Muiatm’and 
G. Chavanne prepared calcium amalgam l)v shaking 2 gnus, of calcium with 1(X) grms. 
of mercury in an evacuated sealed tube for 24 lirs U IJottger pn*pared the amalgam 
of barium and strontium, and C. Klauer that of calcium hv immersing one jier cent, 
potassium or sodium in an mj. soln. of the alkaline cartii oliloritle , the n>action is 
accompanied by a feeble evolutum of gas Tlie amalgam is nonoved from the soln. 
as soon as the evolution of gas has cease*! ; dried by press In'twetui lubuluua J>aper ; 
and preserved uhdefrocli'oil. (J. McP. Smith, W (Vookes, J. Schumann, H. Iggeiia, 
employed the process fo^banum amalgam , ami (J. McP. Smith and B. Kranit^ for 
strontium amalgam. 


H. Davy prepared harium and .strontium amalgainh l»y moulding a mixture of 
the hydro.Gde, chloride, carboriat<‘, or sulphate with waU r to form a kiml of dish ; 
placing the vessel on a platinum plat^* to ser\*' as anode ; filling the vessid with 
mercury, ami using tliafas cayiode. H Davy, and .1 J. Berxelms and M M. Hfintin 
•likewise prepared calcium amalgam by Minilariv electrolyzing the liydroxhle, 
K..Hafc de.si ribed the jtrcjiaration of amalgams of the alkaline earths by what he 
caWed J. .1 Berzelius and M M. I’ontin’s procc.Hs, ic the cleclndysis of Uij. soln, 
of their chlorides, in (ontact with mercurv as cathode. This A’as om* of the early 
applications of the men iiry catho«le whah was ilttnaluird latf‘r in analyiiwil 
work by W. (iibbs The method was later employed bv IJ. MeP, Smith and 
Jf, 0. Bennett, aiul 1* .M. (iie.Hy and R. Withrow, who improved many details. 
K. Bunsen eh-etrolyzi-d a mixture of barium ehlonde with a little dll. hydrochloric 
acid with a men’iiry eatliodi*. L Muquemie, II. Iggena, W. Ker]> and eo-workers, 
(jr. Langl>ein, and (I MeP. Smith and eo-w<irkvrK similarly electrolyzed a sffln. of the- 
nitrate with a mercury eatlmde Strontium and barium umulgams wem prejiared 
in a similar way 1»\^A. Guntf and G Kbderer, (T M« P. Smith and co-workers, 
H. Iggena, P. Fedot letT, L. Maijuenne, W. Keqi and co-workers, and G. r.»angb(dn. 
li. B. Frank and J. R Withrow prejjab-d solid strontium amalgam by electrolj'sii, 
but the same ])roees.s did not succeed with calcium amalgam. W. Ramsay said 
that strontium or ( ah lum ainulg|im prepared by electrolysis is very dil , since it is 
very readily attacked by water even when the electrolytic ccH*im surrounded, by a 
freezing mixtun\ It. Bunsen made calcium amalgam by the process he used for 
barium amalgam. K Ifornemann and (I. von Rausehcnplat electrolyzed a soln. 
of calcium chloride, with a ear)>nn ftnodc and im?reury cathode. W. Kerp and 
co-workers, G. l^ngla-in, H. Iggena, L Ma(jueim<j, etc., did not suc(.eed sy well with 
the electrolytic ]>rc])aration of calcium amalgam as with tlic amalgam of barium 
and strontium. H. P. (.’ady oluained a dil. amalgaiii by the chTtrblysis of a boiling 
soln, of calcium chloride ; H. G. Byers also uiw'd a soln. of the chloride. . J. I^^r^e 
Ui«!d a cell with a diajihragni and a mercury cathode. G, McJ*. Smith and eo-workers 
electrolyzed a sat. soln. of calcium acetate. B. 8. Ncuhausen ernnloyjj^ the electro- 
lytic process. L. Maquenne concentrat«'d the dil. amalgams by distillation in vacuo ; 
and A. Guntz and to- workers, G. I.*anglx'tn, W. Kerp and co-workers, and H. Iggena, 
by distillation under reijuced ]>res.s. in a atn^ara of hydrogen. 

A. Guntz and J. J^r^ reported ihat*crystals of bariom hrtad6C|UnefOII>M<t 
BaHgiQ, are fonned by pressing the eiectrolytically pijip^red amalgam through 
leather, but neither 0. Langbein* nor 41. Iggena couki ootajp such a compound, 
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and W, Ker^ conaiders that the alleged compand ia a mixture of BaSgi^ttod 
merciuy. Similar remarks apply to the itrontnim tetrad6Ca ni a re niida» Sr^i 4 , 
likewiae to biiiam tridecameronride, BaHgts, repor^d io be fomf^ as a solid 
phase at a temp. notVxcecding 30® : , 

O'* 20* 25* 2a-fl* 2«*1* 

Bain liquid . . Old ‘ 0 32 * 0*34 0*36 0*36 0*38 per cent 

Ba in sdid . . 4 60 4 73 * * 4*03 4 76 4*77 4*80 • „ ^ 

The calculated value for Baltgia is 5 per cent. Ba. H. Iggena, and W. Kerp and 
cO'Workera obtain(‘d Hituilur evidence for bariom dodecam^tcoride, BaHgx 2 » sJ}ove 
30® • 

ao'- 4«‘’ 66“ 81* 99* 

Bain liquid . 0*43 0*62 0 68 0*83 0*97 1*26 per cent. 

Bain solid . 6 29 6 23 6*26 5*26 6*26 6*34 

The calculated value for Ballgi^ w T)*,*}!) per cent. Ba. Similar evidence was obtained 
for itrontium dodecamercuride, Srllgi^. between o® and 30® : . 

0“ 20" 30* 46* 64*6* 81* 

Hr in liquid 0*73 1 02 1*26 1*33 *, 1*76 — 

Hr in solid . 3*40 3 33 3*42 3*98*. ' 6*33 6*37 

0 

when the euleulated value for Srllgi 2 is d’bl per cent. Sr. The strontium salt is 
stated by W. Kerp and co-workers to crystallize from soln. of any cone, at room 
temp. The silvery plates Ix'gin to decompose at 60® under petroleumj and melt 
at 70®. G. McB. Smith and li. U. Bennett also prepared these crystals as well as 
thoseiof Hgi^Ba by centrifuging off the excess of mercury, dl. Iggena, and W- Kerp 
and co-workers niadii the barium salt by cryatulliz^tion between 30° and 100® 
aud A. Ountz and J. Feree by squeezing BaHgj^Q at 2lK) kgrms. per 5 sq. cm. Tbe 
crystals of the barium salt are cubic. They do not melt when heated in air, butiare 
energetically oxidized ; they are decomposed by water. 

W. Ker]) obtained a mixiure of a liijuid and solid amalgam by keeping electro- 
lytically jirc^iarcd strontium amalgam for some tune from which a product thought 
to be strontium henamercurido^ Srllgu, was obtained. A. Guntz and G. Koderer 
m'paratcd the two by a ccntrifpgc. G. Langbcin also jirejiarcd this product. 
H. Iggcna, and W. Kerp and co-workcrs regarded it as a mixture of the dodecamer- 
curide and a dcconqmsition ]>roduct from which all the free mercury has not been 
removed. A. Guntz and J. Feree said it is formed when the tetradecamercuride is 
subjected to a press, of 2<K1 kgrms. per sq. ciA. The crystals, according to 
G. Langbcin, furnish cubes and needles, whi<*h, according to A. Guntz, are triclinic, 
and have the rn.p. 125®. They are sAid to change rapidly on exposure to air^ 
forming a mixture of mercury, mercurous oxide, and strontium oxide and carbonate ; 
they can be preserved in a dry atm. free from carbon dioxide ; they are decomposed 
by w%+sr, but nuteso easily as the liquid amalgam ; and when heated m vacuo, 
mercury begins to distil off at about 150® leaving a n'sidue with the composition 
Hg6Sr£. G, Laugbein prepared cubic crystals of barium benamercuride, BaHgii, 
which melted at 105®, and bc'haved like the ?rtroutium compound. 

‘ H. Mqisaan and G. Ghavanne prepared hexagonal prisms of calcium 06tO« 
marouridet CaHgg, which did nut melt when heated in vacuo, but the mercury 
distilled off, forming an amalgam richer in calcium. H. Iggcna, and W. Kerp and 
oo^Ti^orkers prepared what was supposed to be either S^utium octomarciuiday 
Srllgg, or the hepUmercuride, SrHg 7 , from the amalgam at about 64®-8r. A. Guntz 
and G. I^derer obtained hexagonal plates of strratinm hozamercuride, SrHgs, 
by distilling* ‘melcury from the henamercuride.* J. Schurger prepared oaldllin 
pantimaroi^et CaHg^, by heating a mixture of calcium viith diercury in an atm. 
of carbon dioxide at 2(X)®-220®. The compound crystallizes in rhombic prisms or 
needles. I^ is a inducing agent, is unaltered at the ordinar^temp. by dry hydrogen, 
nitrogen, or nitrous oxide, aud oxidizes slowly in dry air but very quickly in moist air. 
When heated with drp’ aimnenia at the b.p. ef meftury, it is converted into a mixture 
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108 > 




witlf evolu^n of hydrogen and 


’ 4 .^ 1 •■' ” heated with nitrotta oxide, it ia 

^verted inW calcmin oxide without the formation of nitride or nitroayl cnicitim, 
wnen Heated with phosphine, it yields calcium phosj^hkie and a velbw aublimata 
Of mercury phosphide. A. Quntz and G. K<idcnr. H. Iggcna, aiid W. Kerp and 
strontiam pentahem i m e rconde, Sr^Hg^, as a rtMiidue in the 
^tmation of mercury amalgam. J. Fer?t**pri‘i>an>d otldoin b^taata^ tallMwwl>^ a^ 
* similar way. The amalgam is jioruus and gretmUh- white; it readily 
decomposes water. \\ hen heated in an atm. of hydrogen, it los»'s mercury but doei 
not form calcium hydritfe at 4<J0'" ; the amalgam w rapidly deeomjiosed by nitrogen 
blackens when exjiosi'd to air at onlmary temp, owing to the fixation 
Ctt ^th o^'gen and nitrogen. The only niereuride reveak'd by L. C^mbi and 
G. 8|)eroni’8 thermal study of calcium amalgam is Cildom totlMIlOnnuldt, 
melting with decomjiosition at 2G6 \ At higher temp. thert‘ is evident of a primary 
separation into metcury and caldom dimorouride, f-aHgg. (J, l.<angbeiu inferred 
from the sp. vol. curve th<* existence of itrontium mODOmoiturido, Srflg, and 
bftril^ mOUOmorcaride, Hallg, m the respective lujuid amalgams. (1 McP. 8mith 
obtained evidence of t lie/ formation of Calig^ ami Haiigo from the study of the 
diffusion constants, and of the surface tension of amalgams. 

The properties of the amalgams of the alkaline earths. - ih lamgbein sutixl 
that strontium amalgam adheres to glas.s U^tter than barium amalgam. Some 
chemical projierties of the amalgams of the alkaline earths have U*en indicakd above. 
G. Langlxin said that the ooel&dent o! thermal expansion of strontium amalgam, 
a=0‘0(X)181 t wiiei^ u’ is the pen'enlage by weight of strontium, iS not 

very different from that of men iiry alone ; Miiiilarly with Itarium amalgam, where 
a=:i) OCX)181-f() (XK)()2,'l. Mixtun’s containing over H at, per cent, of calcium were 
found by L. ('ambi and G Speroni to have a melting point alN)Vc thii b.p. of mercury 
at ordinary i)ress W. Ibimsay measured the vapour pressure of calcium in mercury 
and obtained a mol, wt. of l‘Ji) (theory. 40 08) ; and for barium 7f> 7 (theory, 137). 
E. Beckmann and 0. Liehche found the effect of calcium on the b.p. of mercury 
corresponded with the formation of co/cimw diravitrairulf, C'allgjy. at lhes<‘ temp, 
K. Borricmaiiii and (i von Uuusclienplat obtaineil for the spedflc redstilioe, a, 
and specific conductivity, ( ', of a (M2 per cent calcium amalgam at i)‘ : 


.VJ* lOU 15(»' SM»0“ 2&0 »00* 

i^xlO* 0 S702 l (Jl7H 1 0080 11250 1 1H43 1'2600 

CxlO-‘. . 1 0307 0-U285 09363 0 8897 08444 0 7937 

with a temp, ctx'flf. 0 1032 X 10' ® Ix^tween .'lO^ and 21X1' ; and 013rX)XlO“~® btdween 
200^ and ikXi . H. P. Cady, A. Sid^iollcr, M. le BIuik', and G. McP, Smith measured 
the eleotipmotive force of amalgmiis of the alkaline earths the latter found for 
00439 jMT cent, calcium amalgam at 23 in O lA'-LiCl, 1 2 volt against 0088 per 
cent, strontium amalgam, and O' 107 volt against 0'i;i85 pr cent, barium amalgam ; 
and the same strontium amalgam agaiiist the barium amalgam 0 08 volt. L. Cambi 
measured the e.in.f. of calcium amaigurns m methyl alcoholic soln. calcium 
chloride at —80'". Then; is evidence of an abrupt incn*ase m voltage corres^mnding 
with 0 aHg 4 , and a less marked increase wit h ctlciam ennctmercttfide^ f There 
is no evidence of the latter on the fusion curve because* its U-mp. qf formation* k 
near —41*' when the two arrests in the cooling curve are sii]M*rjiow;d. L. Cambi 
made similar measurements with pyridine soln. at 25'. S. ^B. ^rank and 
J. R. Withrow studied the electro-endosnioais of calcium amalgam. 

Accxirding to J. J. B(3Meiius and M. M. Pontin, when calcium amalgam k expoasd 
to air it k soon covered ^by a blacl( him pf mercurous and calcium oxides ; but, 
according to H. Moissan*and G. Chayanne, the him is nu*rcury and caU^um oxide. 
The amalgam is stable in dry air reacting neither with nitrogen nor oxvM. 
W. Ramsay, J, F^r^, and G. McP. Bmitli have also noted tne instability of calcttun 
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amalgam in air ; and L. Maqucnne laund it to be more readily oxidized than 
Btrontium amalgam. B. Franz found strontium amalgam to be less stable than 
barium or sodium amalgam when exposed to air, and W. Ramstfy, H. Iggena, 
G. Langbein, and Smith have^hown the ready oxidation of this amalgam in 

air. A. Guntz and G. Hdderer said tliat 6-10 per eent^ strontium amalgams are not 
much affecUid by exjiosure to Uir. J. J.* Berzelius and M. M. Pontin, R. Bottger, 
G. liangbein, H. Iggena, VV, Kerp and Vo-workers, and J. Schumann noted th^ 
oxidation of barium amalgam in air* L, Maquenne said that a 25 per cent, barium 
amalgam oxidizes rapidly in moist air with the development of much heat, but it 
may be preserved in vacuo or in an inert gas. Calcium alnalgain’is to be kftpt in 
an atm. of hydrogen or carbon dioxide. Vide supra for the action of hydrogen on 
calcium amalgam. B. Franz said strontium amalgam furnishes strontium when 
heated in a stream of hydrogen. A, Guntz found that barium amalgam forms 
barium hydride, Ball 2 , of a high degree of purity when heated in an atm. of hydrogen 
in an irtm visssel to 14(10", and strontium amalgam reipiiresa higher temp, to form the 
hydride. J. J. Berzelius and AI. AI. Pontin, and H. Moissan and G. Chavanne found 
that calcium amalgam is slowly decomposed by WEter, fori/iing mercury, calcium 
hydroxide, and hydrogim ; G. AIcP, 8mith found that cal/'inm* amalgam is attacked 
by water more readily than strontium or barium aifialgam. H. Iggena, and 
VV. Kerp and co-workers noti d the decomposition of water by strontium amalgam— 

G. bangbeiii said that with a 27 per cent, strontium amalgam, or a 33 per cent, 
barium amalgam, the attack is vigorous, and L. Maijuenno that a 25 per cent, 
barium amalgam attacks wat(‘r rafiidly. According to 11. Aloissan ami G. Chavanne, 
aq. Holn. of mineral acids attack calcium amalgam jike tlfey do sodium amalgam ; 
it rcduci'H an ui]. soln, of alkali nitrate to ammonia and a trace of nitrite, L. Alaquenne 
found that barium amalgam has scarcely any r<*ducing action on an ui]. soln. of 
sodium nitrite. Ijf. Moissan and G. Chavanne found that w'hen calcium amalgam 
is tri'ated with a soln. of ammonium sulphate, ammonium amalgam is formed. 

H. Bottger also noted the formation of ammonium amalgam when bariuni amalgam 
is treated with a soln. of ammonium chloride. H. G. Byers also noted the reaction 
of I'aleiiim umulgam as an i‘l(‘ctrude with soln. of alkali nitrat4\ potassium chloride, 
or barium chloride ; and there is«n equilibrium condition betw emi calcium amalgam, 
and sodium salts m which the formation of sodium amalgam is involved. G. Fernekes 
found that very little, if any, barium i.s replaced by alkali with soln. of sodium or 
potassium chloride ; and G. MeP. Smith found a soln. of hydroxide ahts more 
quickly. According to R. Bottger, wdien a gloluifi’ of amalfam is placed in a sat. 
sojn. of cupric sulphate, it immediately begins to rotate, causing the soln. to move 

•in two op])osite directions, and at the same time, barium sulphato shoots out in 
Hakes which a.ssume various hues, from the jiresenee of hydrated cuprous and cupric 
oxides, and have the appearance of a growth of moss ; the action goes on 15-20 
mins* by which Time the barium is all converted into siilphatA\ Jz, .Alaquenue 
found that when calcium is heated in a stream of nitrogen, a grey amorphous mass 
is formed which furnishes ammonia when treated with water ; according to J. Feree, 
the produi’t is calcium nitride ; L. AtaqueniAe obtained in a similar way strontium 
nitride and barium nitride — both free from mercury. J. J. Berzelius ^ and 
M. M. Pontin, di4 not succeed m amalgamating iron with calcium amalgam. 
H., Moissan and G. Chavanne fmiml that calcium amalgam transforms acetone 
into a mixturo of isopropyl alcohol and piuacone ; and that it does not act on 
bMliene dissolved in a moist ether. 


Rrferencks. 

^ H. Iggena, BcUrdge xur Ktnutnijia der Afnalffamf drr alkalisc^n Erden, des Zinks und dss 
(Wmtui/49, (GotUllgeii, 189U; J. Schumaiitf. Unirrsuchungrn vot^ Amalgamen, Leipzig, 1891; 
ifwrf. 48. 103, 1891 ; 0. l.Angbein, Jkiirdge snr Kenntnis dtr Ainalgami, Konigsberg, 
1000; M. von Wogau, A$n. Physik, (4), 28. 369, l^OT ; Zeit, EUktrocJum,, 18, 668, 1007; 
A Soh611er. i6., 5. ,269, 1809;* R. Bottger, J<n^ pr^. CAm, (1). 1. 306, 1834; B. Franz, 
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§ 42. The Amalgams of Beryllium and Hagneiium 

L. F. NUson und 0. INdtcrKSoo ‘ |.r<‘{iHri'd beryllium amalgam i»y the electrolyBW 
of a cone. sola, of horvllmm chloride witli a mercury cathode. According to 
W. Rani.sav, tin* amalgam .so }iin‘j>an'd is very dil , Hinee imm* eonc. amalgams are 
feadily attacked hv the electrolue ; and it is readily oxidnt^Ml in air. 

H. Davy ^ jirepared magnesium amalgam hy the eleetrolytH-. procena uaial for 
barrttm amalgum, hut, a« ( ordmg Ut \V. Kerp and eo workers, the eleetrolytic proem 
is not satisfactory A. H. Hussy Mat^'d that magnesium <‘()mf>ines with iiiereury 
only when heated, forming a solid amalgam e\ru with a large proportion of mercury. 
J. A W'anklvn and K. T. ('hapman .stated that the two elements urnt4‘ slowly in tho 
cold, but rapidly and vig(»rously at tin- b p of mercury, T Evans and W. (’. FetHch 
made an amalgam li\ triturating magnesium powder with IH tinn's it8 weight of 
mercury iii a v\<iriu mortar isilvery crystals u]>proximatmg to Hg^Mg w'paraU* from 
the amalgam so prepared Tin- two elenn-nt.- unite at ordinary temp. ; the reaction 
starts slowly, but tlie heat wliu li^Ls evol\< d aeciderates the n*action. •!. ParkiliHon, 
W. Kamsnv , J S( humifnn, II. Kl» ek and L L Baasett, W. J. IlumphreyK, H. Iggena, 
W. Kerp and < o-workerH, and A. <’. (.’liri.'<t4)yiano.s employed modifieatioiw of theae 
|>toeesse.s for tlie jtreparatioii of magne.sium amalgam. L. Cambi and (j. Hp'roni* 
made amalgam.s by dissolving eh-an magnesium in inen ury boiling in a Jena giatia 
vessel in an atm. of nitrogen ; and aWi by heating mixtures of the two elemeiitu 
in a .sealed tulH* at .‘V.Kl -Rki'' for 'tb -IH hrs ^Viiialgams with morf* magnesiuiifthan 
the atomic ratio Mg ; Hg are diilicult to get uniform. (!. Klauer made it hy the 
action of ]>otassium amalgam on a soln. of magneHiuiii' suiphute, and J. Bchumaun 
use(^ sodium amalgam. A, C. Christomanos said that, unlike, zinc, copper, and 
platinum, magne.sium is not amalgamated hy sodium or ammonium amalgam e3ccept 
sporadically after rubbing the metal with the amalgam for a longAmp*. . A. Schmidt 
and K. Seulwirt. pa-s-si-d the vapour of mercuric chloride over molten magnesium, i|nd 
also heated a mixture of mercurous chloride and magnesium filings. • 

H. Iggena. and W, K«'rp and co-workers H^'parat<*d <rystals of what th«y 
regarded as magTiesilllQ hezamerCUridSt MgflgQ, l)y rajiidly lilt4'4;irig^niagnesiutU 
amalgam. P. I. B|<dimetjefT and J. V. WsharofT thought that maynwrinm fetlt- 
mehmridey MgHg 4 , proff5bly exists since the sp. lit. of this amalgam is greater than 
corresjKinds w-ith the mi^yturc rule. As indicated above. T, Pivans and W. C. Fetach 
obtained an amalgam corresponding with magnaiiam dillie&Iirid!8f MgHg|. 
L. Cambi ineasunHi the e.m.f. of juagnesium atnaigams §ud soln. of magneaiiini 
chloride and iodide in methyl alcohol at and in pyfidine, ftfui^lound an abrupt 
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oluukge in the curve correeponding with MgHgg. P. Beck measui^ the potonthd 
diRerenoea of magncBium anialgama in 0i982Y*8oI^(. of magneaim chloridi in 
ethyl alcohol 

According to H. jflcek and L. L. anialgame with 2 per cent, of magneaium 

are solid and crystalline ; and R. S. w illows stated that an amalgam with less than 
one per cent, of magnesium Was solid, ^nd possessed a mdtillg point of 170^ 
L. Cambi and G. Speroni found that the'm.p. of an amalgam with 30 per^nt. oi 
Mg is higher than the b.p. o[ mercury. L. Cambi and G. Speroni’s thermal'study 
of these amalgams showed the presence of MgHg^, melting with decomposition at 
16tf ; but they did not follow the curve past MgHg. They considered the analogies 
in the binary systems Ca—Hg and Mg— Hg. A. Smits and R.T*. Beck explored the 
m.p.-composition curves, Fig, 47, and found 
magnesium dimereuride, MgHg 2 ; ITUtgneaimn 
merenride, MgHg ; magnesdom ditritamercniide, 
MgsHg^ i magnesinm helmplerc1]rid^ Mg 2 Hg ; 
magnediim tritamercuride, MgsHg ; and pos- 
sibly magnesioiu triheminwreufide, Mg 2 Hg 3 ; but 
not the hexa- and tetra-mefeurides. R, P. Beck 
also discussed this subject ; the existence of 
It. Kremaun and R. Muller’s magnesium deciiamer' 
curide, HgMgio, was disj)roved. P. Bachmet- 
jefi and J. V. Wsharofl observed no definite m.p. 
with the solid amalgams ; they also made obser- 
vations on the •specific heat. R. P. Beck 
measured the vapoui pressure of magnesiunt 
amalgams ; and W. liamsay determined * the 
lowering of the vap, press, of mercur}’^ by iflag- 
nesium and obtained a mol. wt. between 21 '5 
and 24’() in agreement with the theoretical 24‘3 
for a monatomie molecule, E. Beckmann and 
0. Li«‘seh<‘ studied the effect of magnesium on 
* tlu* b.p. of mercury, R. 8. Willows found the 
curve for the ehaugo of electrical resistance with t«*mp. of OIU) per cent, amal- 
gam, is practically a straight line up U) llO", and almve that temp, the increase 
of the rt'sistance is slightly faster than the rise o^ temp. Unlike the results with 
zinc and radmiuiu amalgams, the resistance is the same whither the metal is being 
heated or cooled. M. le Blanc, R. JKrepiann and R, Muller, G. Babarovsky, 
•L. Cambi, R. P, Bei;k, and G. Gore measured the electromotive !orce of magnesiufn 
amalgams. 

According to J. A. Wanklyn and E. T. Chapman, an amalgam with 0 5 per cent, 
of nfhgnesium 8\'^ellH up and become.s matt when exposed to ftir, but, added 
W. J. Humphreys, the amalgam is not attacked by dry air. G. le Bon found that 
magnesium in mercury is oxidized in air ; and G. Gore found that an 
amalgam with Yi^oj[th of magnesium is quiel^y covered by a black layer of wh%t he 
regarded* as magnesium suboxida, but this is more jirobably a mixture of mercury 
and magnesia. , J.,Parkin.son, W. Ramsay, H. Iggena, and W. Kerp and co-workers 
alsp noted how quickly magne.sium is oxidized when amalgamated with mercury. 
H.* Davy stated that magnesium amalgam is slowly oxidized by WAt6r» and rapimy 
by acidulated water. When mercury is amalgamated with magnesium it acquires 
the property oi decomiiosing water at ordinary temp. ; according to G. le Bon, 
of magnesium has an appn'ciable influence, and magqysium contaminated 
with mercury’ also decomposes cold water rapidly. J. Sfhumann, A. C. Christo- 
manos, H, Iggena, J. Parkinson, T. Evans and W. C. Fetsch, and W. Kerp and 
oo-workers have* made observations on ^is subject. J. A. Wanklyn and E. T. Chap- 
man said that O'o jieripent. magnesium amalgam decomposes water faster than 
one per cent, ^djum autalgam. T. FJ/ans and W. C. Fetsch observed that 
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m^am amal|;am hu warwly any action on alcohol ; but L lloaimr aaid 
.tL .1'^'***^'*'“''“ “■* A «ri*oricfl, ami A. Klin* and P. Roy 
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§ 4^ The Amalgams of Zinc and Cadmium 

Tho Holubility of radmiuiu is imirji grcatdT than that of zinc in mercury 
if. Iggena ^ found the HoluliiliticH of zuic and oadiinuni in fiicn ury to : * 
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The pre»en<!e of ropp<*r did not influence the Nilubdity of ziiu' in mercury. A, Oouy 
alfM) measured the solubilities hetween*l.''> and IK' , and found OOlK and ODiQ for 
the ratio of the amount of zinc or cadmium diM|p>I\ed to the total weight, *W. Kerp 
and co-workers found thc^se numl)ers too sinai). .1. L. (Venshaw gave 2'2199 gmui. 
wr 100 grins, of mercur>' for the solubility of ziiie at ; and (i,’ A. Huiett gnd 
R. E. de Lury, 5 574 grms. per Kki grms. of mereury for the solubility of (wlmiUm 
at 25®. W. J. Humphreys measured the velocity of diffusion of zinc in mercury ; 
and M. von Wogau found for ilx in gima. per sij. em. jkt sec. (pr rigic 
at 11*5®, and 33‘5 at 911 2® ; and for cadmium, it -16 K at 8 7®, and 34'2 at 99*1*, 
F. G. Cottrell and (/ M(f?ter also made measureruents of this constant, and the litter 
found at 15®, for zinc and ra<lmium,resT>ec|ive|y 0*087 and 0065 cala. per sq, cm 
per hour. • . * , 'i 

Thi pnpanUion ol line and cadmium amalgiini.— ^intc and cadmium unite 
with mercury at ordinary temp. * Cadiiiuni amalgaift waa ,fif»tt prepaid by 
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F, Stromeyer ® Zinc amalgam is made by pouring a fine stream of mercury mto 
nomlten sine cooled as low as possible without solidification ; the liquid k constantly 
stirred during the mixing. Accohling to J. F, Dan1ell,*when zino filings are tri- 
turated with mercury at ordinar)' temp., combination js slow ; but at a higher 
temp., below the b.p, of mercuty, th^ metals readily unite, and still mo^e so if the 
mercury is mixed with molten «inc. A zinc rod immeVsed half its length m mercury . 
for ten days, becomes pointed at the bottom, and covered, especially on the upper 
part of the immersed end, with six-sided plates of amalgam. A. A. Damour, 
W. Ramsay, J. Regnauld, J.* Schumann, H. Kahle, T. W. Richards and co-workers, 
and H. 8. Carhart and eo-workers prepantd zinc amalgams by dUsolving the zino 
in not mercury ; and J. Schumann, 11. Iggena, K. Borneniann and G, von Rauschen- 
plat, R. Frili(^y, W, J. Humphreys, VV. Keq» and co-workers, and T. W. Richards 
prepared cadmium amalgam in a similar way. 

T. W. Richards and (I. S. Forbes made zinc or cadmium amalgam by shaking 
the two elernent^i with dil. a(j. ammonia in a stopp<‘red vts-sels H N. Morse and 
W. M. Burton used dil. tartaric acid in place of the aq. ammonih. J. W. Dobereiner 
statiid that when zinc is jjlaced in contact with mercury ami a dil. acid, a galvanic 
action is sot up, and the zinc hecomes covered witli morcMry \Wiicll penetrates to the 
interior, and conw'rts the whole of th«* metal into an amalgam. As soon as the zinc 
is quito covered with mercury, the evolution of liydrogen ceases, but it begins again 
on bringing the amalgam in contact with iron, copper, or platinum, to which metals 
the mercury is then transferred. A. (’. (Iliristomanos .said zinc is unifortnly amalga- 
mat<‘d by ammonium amalgam. R. Hottger found that a .soin, of zinc 8ul]>hate or 
cadmium sulphate furnishes the corre,spoiiding amalgam wIkmi treated with sodium 
amalgam. Aeeording to A. Horntrager, zinc is amalgamated when placed in fi. 
10 per cent, solti. of mercuric chloride, but not in a soln. of mereurie nit, rate, 
(i. ()p[>ermarm amalgamated zinc bv mixing a soln. of mercuric suljihate ii^ dil. 
sulphuric acid witH ('iiough A'-oxalic acid to make a tiim ])a.ste ; this was then mixed 
with a little, ammonium ehlbride, and jiainted on the zmc. 

H, Iggena [irepared zinc amalgam by the eh'ctrulysis of a soln. of zinc suljihate 
with a mercury cathode ; A. Scjiaag electrolyzed with a zinc anode a soln. of H kgrms. 
of zinc sulphate, 4 kgrms. of zine.ehloride, or H kgrms, of zinc oxalate, in KXj litres of 
boding water, and mixed uith 150 gnus, of nn‘rcurie ehlonde. H. Baweek, and 
E. (5)hen and B. .1 H. van (finnek«‘ri .studied the preparation of zinc amalgams. 
H. S. (Jarhart, and W. K<’rp and co- workers also idcctrolyzcd .soln, of cadmium salts 
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with i mercury cathode. Luckow 
pri'cipitab'd zme (juantitatively as an 
amalgam by rni'ans of a mercury 
eathodt*. («. Vortmann jirepared cad- 
mium amalgam by the electrolysis of 
an aq. soln. of a zinc or cadmium salt 
'with merciirii' idiloride and an exeeas 
of ammonium oxalate. 

* There is no evidence of any com- 
pounds of zinc and nuTeury on thfc f.p. 
diagram, Fig. 48, based on that pr<»- 
pan‘d by N. A. Busehiu. K. Borne- 
rnann’s observations on the zones of 
mixed crystals art' indicated diagram- 
matieally by the stippled regions. 
There is a eutectic with, about 4 at. per 
cent, of zine, -•4I2'5‘’. J, H. Croocke- 
wjt obtained brittle crystals with the 
composition '>insHg 2 ; F. 0. Calvert and 


R. Johnson gave 11 304 for the sp. gr. of crystalline HgZn ; J. P. Joule gave 
ir34 ; and J. P. Jumt't ZriaHg, by squeefing th«' excess of zinc from the 
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evidence of the iwn-t‘xi,steru'e of definite com|H>undj 4 is <xiiibftiU)d 
W r* observations on the st>lubi!ity of littC itt 
y^» j • Willows observations on the elettrieal resisUm^' ; by 
E. Bfaey 8 observations oh the sp. vol , and \n various obsTtations on the e.iu.t 

-^oidexnfia. * • .’ 

R. Mley's curves of the sp gr., and 
fl. Maep’s curves for the sp. vol of cad- 
mium amalgams slum breaks (oriv- 
spending with the cadmium mercuridM , 

Hg:Cd=12:l,*5:j.T!2. 1:2. 

and 1 : 8, as well as one interinediat4‘ 
between 1 : 2 and 1:4. The f p 
curves of If. C. llijl, and K. Horne- 
mann’s zone of mixed ervstals are 
shown in Fig. 49. • The f.p eiirve lias 
also been studied by N. A Pusehin and 
E. (lohen. According tJ. MeP »'<mitli 
mercury and (a'dinhim jKo not form 
any compounds, and, iftconlint' to 
G. A.« Ilulctt, the two elements ar<* 
miscible in all jiroportions at 21n 
Acr.ordiTig to W. Kerp and »<i 
workers, and If Iggena, the dtrndtmum 


heptanu'mindr. ( 'd.jHg;,* ap]K-urs 
stable phase ^vltll soln (d ^aom: 



as a 

imuim in mer« iirv betwi 


Ml ^y and 10 I 


Cd 111 iitpiiii 
C’d in solid 

Sollil phttM- 


1 . as 

i’> 1H» 7 tH 

I :i »i I I :t 

■“iG.r.i; 


»o .Ml h 

7 7H 10 at 

1,127 Milo 


7 1 Ml 

i:i 7 i i>i:» 

22 S .1 


lU 4,1 |M*r cent. 

2.101 


The prodm t is olnaiiH il by lilteriUf.! the o.\<<-,sk of lyen nrv from the i rystalliiie iriaita. 
It IS said to melt at 7<t To . and to freeze at 00 . It js stable in air; it is not 
attacked bv dil. Ii\ droi lilorie acid, but is slowly att.okei] bv the cold cone, acid, 
and rapidly bv the hot lom a< id N. A. Pusi'liin doubted the individuality of this 
mcrcuride .1. H OiHukewit pfepared ir} stain of what he regardi'd as codmtwm 
^wnt<i}unmm’r(*iiruU\ ilg»,(’d 2 . by disholviiiji ( ailmium in warm men iiry, and squeezing 
mit the excess of solvent The sp ^^r \tah s'taO-d t4» lx* 12'()1.') ; J. tSidiunianii giva 
12’4 i, and slat4 d that it is soft at 7t» , ami lujuid at,90 , and that it expamls 2’3 jair 
C4Uit, when heat4'd from 20 to 1 F Strome\er jm-pareil octahedral crystals 
with a cotiipo.sition corrc-siKimimj: with rtnlnamn dv/urruruk, ( and a m). gr. 
greater than that of Fm-rcurv. The m |» \^as given as 7o '. .1. Si hiimann said that 
an amalgam of this eomjiosition has a sp gr 12 49 wlwn tin* value ealculated from 
the mixture law' is 12 2 ; it forms a mu.sti at 7o . and is Injuid at lOo' ; and it exjianda 
2 7 per cent, in jiassmg from 20 to n.'» . J. hydiumann <loes not cotgiider the 
product to be a chiMnual individual G Gon* a.Hhnmed that a codmtum mono- 
tiierctiride, HgCd, can lx* forim-il from «'q proportions of Ihe’two elementa. 
J. 8<'humann said that an amalgam of this i oiiiposition begins to »often.at lift®, 
and is liquid at 140"^ ; its sp gr, is 1 1 .167 w hen tlie mixture law indicaks 1 1 ‘.145 ; and it 
expands 2 A cent, when heated from 20" to H’t'. E. Jaiiecke prep^r4*d 9o4wm 
cadmium tfiercuridc, NaCdHg, of rn.p. 32.0®. 

The phyiictl plK>pe4ties of zinc anuUffams --Tin* solid amalgams are silvery- 
w^hifce,- hard, brittle, cry stalline niassc's which, acconlmg to II. Iggena,* and W. Keq) 
and co-workers, retain the mother liquid v1*r)' t«*naciously. A. liikttidli said that 
the amalgams are liquid when the atomic projmrtion^of Hg ; Zn is itp^eater 
than 8:1, and solid when less than €:1. Ac<M)rdmg to N. A. Pusehin, the 

, 9 • • » 
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miofot^uctore showg hexagonal cryttab to be present. The q^edflo gIBVilf 
was detennined by J. P. Joule, etc. E. Maey f(fcnd the sp. gr. and sp. vol. oixinc 
amalgami with w per cent, of zinc': • ^ 

• ^ 

. , 0 1*68 1-99 •• 7-34 9-77 •39*47 48*6 ^ UK) 

Bp.gr. . 13352 13*405 13*371 12*681 12 434* 10*075 9*453 7*087 

Bp. vd. . 0*07379 0 07460 0*07479 .0*07886 0*08043 0*09926 0*1058 0-14U 

• • 

There is no evidence of bresks corresponding with the formation of definite com- 
pounds. J. L. Crenshaw represented the sp. gr., S, at 25° as a linear function of 
th^amount of zinc, w;, in 1()0 parts of iner(*ury : iS'”l3‘5340— 0'0859tt>. According 
to T. W. Richards and G. 8. Forbes, zinc amalgams show a greater and greater 
contraction with increasing proportions of mercui^'^ owing probably to the forma- 
tion of diatomic mols. E. Cohen and K. Inouye made electrometric and dilato- 
metric observations, and found complications are produced by a transformation 
which E. Cohen and P. J. H. van Ginnekcn place at the trapsition tempentoro, 
42'9°. H. 8. (.’arhart also obs(‘rved a transition point in a 2*3 per cent, zinc 

amalgam. E. von Hchweidler found the coeff. of viscositp^of 0*6 per cent, zinc 

amalgam to be 0‘0l(53il -0‘(X»300^-f0'(X)f)()().59^*. G. Mayer measured the STUfaoe 
tansloil of zinc arhalgains. 

According to K. 8, Willows, tlu^ thermal expansion of zinc amalgams* up to . 
36°, is proportional to the temp., and b(‘yond that it increases faster tjian the rise 
of temp., but although the (dectrical n’sistancc clianges abruptly at this temp., 
there is no abruf>t change in the rate of expansion. When the temp, is falling, Ae 
vol. of th<' amalgam is great(‘r than when it is rising. No irregularities were 
observed in the rat<* of <*ooling corresponding with thos(* at which the electrical 
resistance chang<*s abruptly. The melting points, or f j)., of zinc amalgams have 
betm determined Ijy C. Cattaiieo, P. I. Bachmetjefi and J. V. WsharofT, L. Sdhiiz, 

A. A. Damour, K. Colum agd K. Inouye, and N. A. Puschin. The results by the 
last-named are indicated in Fig. 47. G. Tammann measured the lowering ot 
the treesing point of mertuiry by zinc ; and T. W. Richards and G. N. I^wis found 
that amalgams with h'ss than otfe per cent, of zinc behave like dil. soln. J. H. Hilde- 
brand measur(*d the vapour prcftoure oi zinc amalgams, and W. Ramsay showed 
that the molecular lowering of the vapOUr pressure of mercury by zinc corre- 
sponds with u mol. wt. of 62 1 to 701 theory’, 65*43. G. A. Hulett found that the 
vap. press, of an amalgam with one part of zinc tp 10® parts of mercury at 210° is 
at least 3 X 10^ as great as that of zinc vapour at that temp.* By the boiling point 
method of determining nud. wt., E. Biv^km/inn and 0. Lieschc found zinc is present 
*in the monatomicj form at the b.p. of the amalgam. L. Schiiz gave 0’05418 fbr 
the Speoiflo heat of Zu^llg,} ; 0*05528, for ZnHg ; and 0 06705, for Zn^Hg. 

J. DJart-tinen aryl J. R. Tiihonen, measured the sp. ht. of zinc amalgams. 

F. 0. Calvert an<l R. Johnson gave 304' 1, for the thermal conductivity of the 
amalgam Zos^Hg, wlu'ii the value calculated from the law of mixtures is 281'2 — 
silver, 1000. They also found .327*6 for ZjjsHg calc. 315t) ; 344’9 for Zn 4 Hg — 
calc, 378'7 ; and 437 3 for Zn 5 Hg— calc. 409 1. J. Regnauld found that the^zinc 
amalganiation of zinc is attrmded by the absorption of heat. W. D. Henderson 
measured the heat of dilution of zinc amalgam. P. A. Favre found the heat of 
location of amalgamated zinc in mercury is 394 Cals., and that of zinc, 373*4 Cals., 
thus making —21 Cals, for the heat of amalgamation. T. W. Richards and 
9 , N. Lewis found —2*255 Cals, for the heat of amalgamation of a gram-atom of 
zinc in 65t)(ygriT.8. of mercury. 

A. Matthiessen and C. Vogt measured the electri^ Cpndnctivity of zinc 
amalgam ; G. G. Gerosa, C. L. Weber, A. Battelli, von li'hweidler and 

B. S. Willows, the electrical resistanqe. A. ^Larsen fo«pd for the conductivity, 

C. of amalgams with tc parts of zinc in 1000 parts of mercury between 15*9° and 
20*1° referred to that ofimyrcury at the same timp. ; 
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, the curve for the eicctncal rcjsisUnce uf l-^lf'lM’r 
cent, zinc anialgaiiw, afu-r repeutod heating and cooling, w quito diffen-nt from the 
original values. The curves, Fig. 5'J, were obtained with a 4 8 per cent, zinc 
amalgam, and the dirv'ction uf the arrows shows whether the Umuji. is rising or 
falling. The curve .1 was obtained with frcshly 
prepared amalgam, ind H with the same amalgam 
after standing 4 weejes. Starting from Ifi', the 
reaistana*, J, giaduillv falls as the leuip. rises 
to 30“ ; between 30 aiuV 4ti , it scart-ely alters , 
and thereafter ri.ses with the ttmij*. On tooling 
the resistance falls more rajndly than the temp., 
so that life eoolmg eurve lies U'low the lieatuig 
curve, and cuts the latter at 28‘'\ so that the final 
re.siatance, is usually vetv slig|iily gn'ater than it 
•was at the lieginmiig When repeaO-d a numls*r 
of .times, the cooliiig ( iirve lM*comes virtually 
coincident with .1 , and after standing some w-eeks 
the curve obUined is again like ii. With amalgams 
contaminj^over lu jier eent of zine the two eurves 
almost coincule above 1<J . Aeeordiiig to R S. Willows, the amalgam may lie reganied 
as a mixtun’ of zim , mercury, and compounds of tin- twm elements, As the b'liip. 
rises to 30 , one of the comiKiunds becomes unstable, and either the (Monpouiid is 
w’holly or partially (iK'-uciaU-d, or a new- and mon- stalile compound is formed. If the 
latUir occurs there will U* an absorption of beat, for something eq. to soiu. in an 
excess uf mercury must also occur; above 30 , tlie temp. <-oejT, m less, m aeeonl 
with the fact that the t<‘mp. coefl. of an alloy is msually h-ss than tliat of the jmre 
metals, so that if zinc is liberat<‘d at tins t^-mp., the temjo <-oeiI ought t4» Is' expeck’d 
k) inen-use. The observed mcreast? points' to conibinatioii taking ])la<-e or cM tp 
the dissociation of the compound into two others wliow temp, loelf. are unknown. 
As the amalgam emds, the same lompounds remain until the diKsonation ]K)int is 
reached ^nd heat is then evolved, and the resistaneo is mcreawd. The dissociation 
IS not coiujjleted when the initial temp, is n-ai-hed unless tlie sul>st.an<-e m cooled 
very slowly. The (a>mpound is unstable at ordinary temp, and a gradual dia- 
sociation occurs, accompanied by a fall in ritsistaiu-e, whieli extends over w'veral 
wocTcs, finally reaching (), Fig. oti. If the amalgam is heate<i before tliis gradual 
change has taken place, there i.s no instability at 30“, and no abrupt change in 
resistance at that point, 

A. Coehn and A, Lotz * found that zinc anialgam in vacuo is negatively chaiged 
with respect to glass. A(Mx»nimg to H. Davy, zinc anmlgam is iimre eh^ctropoiitive 
than zinc. A, Gaugain studied the jmsition of zinc amalgam in Volta » serfsH. 
S. Lindeck, T. W. Richards and G. N. licwis, and A. Crova ' found that the 
eleotromotive lordb of mercury is very wniHitive to a little zinc, mt that the 
amalgam behaves abiiost like zinc .itisdf. , V. Rothmund found that 0 08 jK3r cent, 
zinc amalgam has a jwkntial of 0 587 volt in molar sulphuric ackl confining 0*01 
mol of zinc sulphate j)er litre. H. F. Weber measured the e.m.f. of zinc amalgam 
in cone, cells of zinc sulphate; and F. J.^Mellankarap ic? c<lnc. wlls of zinc chloride. 
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W. K iatiakowaky, N. A. Pu»chin, J. F. Spencer, M. Berthelot, and J. H. Hildebrand 
meaaored the of zinc amalgam against^ zinc -sulphate; J. L. Crenakaw, 

G. A. Hnlett and H. D. Minchin, T. W. Richards and cd-workers, H. S. Carlu^ 
W. D. Henderson, rfnd E. Cohen and co-workers, the «.m.f. of amalgama with 
different proportions of zinc against k)ln. of zinc sulphaU*. • ' * 

£. Kittler meaHurod the e.m.f. of zinc aiiialgam against sulphuric acid and ooppw; 
C. Wheatstone, against C/Opijor and cupric 'sillphate, copper and cupric nitrate, and in dil. 
■ulphurlo acid against ieati or manganese dioxide ; J. Kegnauld and J. M. Gaugain, againsf 
copper and sulphuric acid with cells titled with vaiious diaphragms, F, Petrusoh^sky, 
A. Crova, C. II. A. Wright, K. Cohen and co-workers, and C. Cattaneo also studied various 
for^ of JJaniell’s cell with zinc amalgam; C. Hookin antTH. A. Taylor*of zinc amklgam 
against sulphuric acid or a soln, of zinc sulphate, and zinc. G. jtaun^artner studied the 
e.m,f. of zinc amalgam with soln. of sulphuric acid, sodium, potassium, or ammonium 
chloride, and ammonium or sodium nitrate of differtmt cone, F, Fuchs measured the 
e.m.f. of zinc amalgam in a soln, of zinc sulphate against copjper with a soln. of cupric 
sulphate ; and of zinc amalgam in a soln. of zme nitrate against copper and a soln. of 
cupric nitrate. J. Kegnauld, and E. Kronley measured the o.rri.f. of* zinc amalgam and a 
soln. of zinc sulphatii against copper and cupric sulphate, and cadmium tfnd cadmium sulphate. 
J. P. Joule studied the e.m.f. of zme amalgam in soln. of potassium hydroxide, sodium 
chloride or sulphate, or sulphurio acid against cop|)er in cuj)ric*8ulpliate ; and of tine 
amalgam in sulphuric acid against copper m a soln. of poti^Hnuin diohromate with and 
without sulphurio ooul ; zme amalgam in a soln. of potassium hydroxide against iron, coke, 
or gold in nitric acid ; A. Naccan and M. Kollati, zme amalgam against coke m a spin, of 
chromic acid free from sulphuric acid; J. J’oggendorff, of zinc amalgam against coke 
and nitrio acitl ; coke or cop|M»r and chromic acid. Furthi'r studicvi have been reported, 
by W. L. Hohb, G. Mognanini, G. Gor<\ M. lo Hlanc, G. Meyer, H. P. Cady, A. Harrison, 
M. J6gou, (/. Chnstiunsim, E. Warburg and B, Strasser, etc, H. S. Taylor and G, 8t. J. Per- 
rott measureii the e.m.f, of cadmium amalgam against soln. sof cadmium chloride and 
iodide. • 


G. Mayr studied the eleetroly.sw of zinc ainiilgani.M. The hydrogen polarization 
and OVOr*VOltaffO with zinc atnalgarns have been studied by E. Cohen ^nd 
W/A. Caspari, J. Jkiszkowsky, ete. A. Battelli said that electrodes of zinc amalgam 
are unpolarizahle in soln. «f zinc sulphate. The thermoelectric force of zinc 
amalgam with soln. of zinc salts has been investigated hv (!. L. Weber,* E, Bouty, 
and R. S. Willows. ^ ^ - 

The physical properties ol^padmium amalgams.— According to K. Frilley,® 
amalgams with up to fi per cent, of cadmium are liquid, those with 5-18 per cent, 
are pasty, and those above that are solid. Amalgams with over 40 per cent, of 
cadmium ajipear like that metal. A. Battelli stated that amalgams with mol. 
projiortions Jig : Ctl above 5 : 1 are liquid, those wri;h loss th|n 2 : 1 are solid. The 
solid amalgam.s are all crystalline. J, Schumann obtained amalgams in fine 
peedlo'like crystals. N. A. Pusehin said amalgams with up to 63 atomic per cenj, 
of cadmium form jiolygonai crystals, and those with more cadmium form stellate 
or tabular crystals. P. J. Baehmetjeff and J. V. Wsharoff showed that the forma- 
tion ^f the cadmium amalgams is athnided by a contraction. R. Frilley, and 
E, Maey measured tlu* spedffc gravity aiuhsp. vol. of eadmiuiii amalgams. The 
latter gave for amalgams with w per cent, of cadmium : ^ 

w .... 0 41 5(r 15-7 18-3 52*8 100 

.• • . 13'5ri2 13-304 13 271 12 033 12 733 10 604 «-«31 

Sp. vol. . . . 0 07370 •0-07617 0 07536 0 07732 0 07853 0 09439 0 1169 


R. Frilley assurtunf that the formation of compounds with Hg : Cd~12 : 1, 5 : 1, 
7 :*5, 5 :.4, 1 : 2, and 1 : 8 is represented by breaks in the sp. gr. curve, and that 
there is possibly another compound between 1 : 2 and 1:4; but E. Maey could 
draw from Jiis observations no eonolusious as to the formation of compounds. 
T. W. Richards and G. 8. Forbes, W. J. Humphreys, and J. Schumapn made some 
observations on the sp. gr. of these amalgams. Q. A. Hulet^and*R. E. de Luiy gave 
for the sp. gr., 8, of amalgams with w grms. of cadmium in 100 grms. of mercury, 
at 25®, as i51=13’5340~ 0 0606w ; and rf tt*mp» coeff. — (0‘I>024-f0 003«?). G. Gore 
found that an amalgam with 20 uer cent, of cadmium became dense after repeated 
meltmg and solidification. • G. Meyer measured* the zuifAoe teniion of a cadmium 
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•raalgam Againirt acetic acid ; aod K, von Schweidler found th» oo«ff . of VlMQlltf 
ol amalgams with 2 to 2 8 per oeA. of cadmium at 20**, to be OtHfiftil to 0*01681 
with a temp. c4ef!. -000864^-0003606*. K. A. Puschin found that the iMldnMI 
of the amalgams of oadmiimi is greater than those of line, le4d, bismuth, or tin i 
L. Guhlet^ and I). Mauol^o^ also nottMl the liartlness of these anmlgams ; and 

B. Wood stated that an amalgam w'ith squal |>arts of the two elemcnU is very 
ihwtic, «nd that the taoiile itnofth and miUatbilitf are high : an auialg^t 
with two parts of mercury to one of cadmium i» klmost as malleable, but its tenacity 
is less. 8. Lussana measured the eompressibiht y of a*imc and cadmium amalgam. 

C. R.*Konig rccominendt‘d cadmium amalgam as a stopping for teeth. ^ 

J, Schumaiiu iueasurt‘d the tharmil azpamton of some tadmium ainalgama 
between 20*^ and 145'^- -tide ttupra. According to R. 8. Willows, an evolution of 
heat occurs in the cooling of cadmium amalgatn corrcsjionding with the temp, at 
which the n‘8iHtan('e on a rising temp, coincides with that on a falling temp. The 
nutt in g point or f.p. curve of cadmium amalgams as determined by 11. 0. Bijl is 
shown in Fig. 411. .The subject has also b*‘en studied by N. A. Pusi'hin, K. Jiinecke, 
K. Bomemann, J. Sclqimann, E. Cohen, D. Maarotto, R. 8. Willows, and H. Iggeua. 
According to E. Coh<*ri, is a transition [loint at and hence he argues that 
cadmium amalgam is not* suit4*d for the standani or normal cell, hut W. Jager 
and 8i Lindeok dissent from this view'. (’. T. Heycoek ami F. H. Neville, and 
G: Tanuiiann measured the lowering of the freeiing point of mercury by cwlmium, 
and W. RaWv the lowering of the vepour prefiare th,* computed mol. wt. 
of the solub* agn-es with the assumption that monatomic cadmiunimols. aro 
prew'iit, J. II. IlildebPand ^id co-workers ineasunMl the vapOUr prOMOre of 
cadmium amalgams and inferred that a com|)oiind llgOd is funned. E. lieckmann 
and.O. Liesche foimd that by the boiling point method, cadmium U present in the 
monatomic state in the iKuling amalgam. R. Sehenck measun*d the ratio of the 
t byem#! conductivity and the electrical conductivity. J. Marttinen and 
J. R Tiihpnen determined the spedflo heat of riifl; amalgam. J. Regnauld, 

D. Mazzotto, H. Iggena, and W. Kerji and co-workers have not4*d the evolution 

of heat during the formatiiin of cadmium amalgam.. In (ipposition to H. 8. Carhatt, 
T W Hi( hards and H. \*. Fn'vert have shown that, the heat o! dilution of cadmium 
anvalgam .« ...•Katu-; to H. IJijl. tl..- heat, Q. in cala. dovoloitad 

when a gram-atom of cadmium is dissoiveil in an amalgam with n per cent, ol 
cadmium at is : ^ 

n 1 99 * 10 13 17 63 28 61 16 21 08 20 76 01 94 90 

Q [ 509 048 6207 ^0206 771 204 223 ~ 10 ^ 

f, W. Richards and G. S. Forls‘s found no change of U*mp. on diluting a 3 jKir 
cadmium amalgam. T. W. Ricbanls and G. N. l>wis give rm Cals. tho niW 
of amelg fl"**^^^ of I 77 atomic ficr cent of cadmiuni Iwtwcei^O and 2r> J and. 

E. Cohen* found .'>'430 cals, are needad for wparating a gram-atom of cadmium 
from the 14'3 pr cent, amalgam. 

The sp electrical conductivity, fi «f caiimium amalgams has l»eeu meiuiured 
bv G.*L. Weber, K. von Schweidler, A. Battclli, and A, Urseri. The latW found 
for amalgams with tc parts of cadmium iri *|)art^ of mercury, between 15*9 

and 21’3 , and rcfern;d to nu^rcury at the same Uunp. . . .• 
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K. BomemAnn and G. von Ranschenplat have measured the electrical resistance} 
and the corresponding temp, coeff. of cadmiufti amalgams. R. S. Willows,* and 
G. Vicentini and C. (Jattaneo have made observations on ^his subject. R, Schenck 
found the ratio of the thermal and electrical conductivities. A. R. Calvo gave for 
0'20 per cent, amalgams, the * Conductivity p— 0 049436 jld-0'Qj85(d— 20) 
+0’0jl0(d-~20)*[ ; for 0 43 "jicr cent, ‘amalgams, C— OOiQSOSjl-fOQgOOid— 20) 

'f0'0ftl0(d~20)*} ; for 0 69 per cent, •amalgams, C=0049155{l-f0'Q3W(^-'2CD 

-f^' 0520 (d— 20)’j ; for 0‘94 per tent, amalgams, C’~0 049020{l-f-0'P885(d-~20) 

•f O'OjUfd —20)* I ; and for 1*50 per cent, amalgams, 0=0 048649 { 1 +0*0883(^—20) } , 

R. Willows found that the behaviour of cadmium amal^ms was like that bf the 
zinc amalgams : (i) They jmasess a different resistance, at a given temp., according 
as they are being heated or cooled, but the resistance is greater with the cooling 
curve ; (ii) the jiart of the cycle at the higher temp, is reversible ; and (iii) the 
resistance) falls when the alloy is allowed to stand at the temp, of the room, but the 
fall is less than with zinc amalgams, and is completi'd in three days. The alteration 
in the resistance is attributed to the slow breaking up of th*e crystals into more 
stable forma. , 

• A. Coehn and A, I^otz ® found that cadmium amalg\m iff vacuo is negatively 
charged against glass. According to J. Regnauld, S. Lfhdeck, and J, M. Gaugain, 
cadmium amalgam is more electronegative than cadmium. 8. Lindeck showed 
tliat the aleotromotive force of mercury is markedly changed by small jiroportiobs 
of (cadmium, but not so much as with zinc. T. W. Richards and co-workers, and 
J, H. Hildebrand have studied the e.m.f. of cone, cells with cadmium amalgam, 
B. Neumann, T, W, Richards and G. N. Lewis, and Q. A. Hulett and R. R. de Lury 
measured the e.m.f, of different cadmium amalgams towards the metal or towards 
saturabnl amalgams. V. Rothmund found the pokuitial difference of one. per 
cent, cadmium amalgam towards molar sulphuric acid with 0 01 mol of cadmium 
sulphate jier litre, *to be 0*079 volt; the metal itself is negative towards the acid 
soln. W, Jiiger measured tbe e.m.f. of different cadmium amalgams t^iwards sat. 
Boln. of cadmium sulphate. G. A. Hulett, H. 0. Bijl, N. A, Ruschin, J. F. Spencer, 
F. H. Getman, K. Cohen and co-avorki'rs, and J. M. Gaugain also mi'asured the e.m.f, 
of cadmium amalgam against ciulmium and a soln. of cadmium sulphate. These 
cells are of the type Cd j fM8()4.2]|H20Koin. ] Cd amalgam, and the soln. of 
cadmium sulphat' was nearly half sat. at 20“. H. C. Bijl showed that with 8 per 
cent, amalgam, there is a break in the curve at about 40” representing the variation 
of e.m.f. with temp. This abrupt change in the''temp. coi^ff. corresponds with a 
change in the amalgam, for in the vicinitj’ of 40” the heti^rogeneous 8 per cent. 
(Vulmium amalgam changes into a homogeneous liquid phase. The curve RjS>, 


. rig. 51, represents this change diagrara- 

^ luatically. Between 0” and 40°, the e.m.f. 

E wa.s found by F. H. Getman, and 
^ohen and fellow-w'orkers to be 
" ^ characU’ristic of the a-cadmium elec- 

trode, and after standing some time E* 
^ =0*048C2 -0*000200{^-25), curve * J, 

+ ^ ^ Fig. 51 ; those with a j8-cadniium elec- 

u J i, J trode were found by F. H. Getman to 

fO^ 10\50 50 60 ^ A)° have £'pr=0 04862 -0*000201(^~25), curve 

empera urts y-cadmium 

•Fio. 61.— Diagrammatic Hopreeontation electrode were found by F. H, Getman. 

Fo™ or/adSrat ^ 

peratuiw. -0‘0(X)2437(^-2'^, euhre C, Fig. 51. 

.With the jS-cadniiun electrode, repre- 
sents the change'' in the e.m.f. as the nature of the amalga'm at the other electrode 
changes ; Si and Ng resnectively denote the corresponding changes when o- and 
y-cadmium electrodes an* employed— nWc «he allotropes of cadmium. H. 8. Taylor 


Forms of Cadmium at Different Tem- 
peratures. 
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and 8t. J. Perrott studied the of eell* with cadmium amalgam and noln, 
of cadmium chloride or iodide agai||aaiiver or -lead and the correajmndirig halide, 

C. Hockin and H. A. Taylor the e.m.f. of cadmii^m amalgam agauwt 

c-admiiim and dil. sulpLuriq^j^Hf Other* jneastiremente have U'cn made by 
C. R, A. Wright, G. Gore, C. hIPm, F. Kruger. G. Meyer, etc. 0. Tanimann and 
W. Janjer measured the e.m f. wnc. eurViyt of aim’. wnC'roi>|)er, iint‘-«ilv\’r, ainc- 
Jold, cadmium, oadmium-coppor, cadmium-silver, and cadmium-gold amalgama. . 
The thannode^C forte of cadmium amalgam ha8.been atudieil by K. Bouty, 
W. a Hendersyn, and.C. L, WelK‘r. L. 0. Lummer and K. (b^htcke, and 
M. Wolfko ujwhI eadnimm amalgam in men'urv an'-lamps. • 

The ch em i cal proiihrties of sine and oadnuom amalgams*— A. A. Damour ^ 
found an amalgam with one of zine to six of mereurv to bti quite stable in dry aif { 
while W. Kerp and co-workers, and A IWntrager found zine amalgam to bo 
scarcely affecti‘d wjien exjmst'd to the air. 11 Lmaji «tat<‘d that one part of zinc 
may be detected in parts of mereurv by the black jmwdea which forms un the 
surface when the mercury is agitated in air N A. Puschin stated that cadmium 
amalgam can U' ln'ptjh air^wjth<-iit oxidation for along time, and that under a layer of 
vaseline it does not changt^ajipn'ciably in a year. H. S. ('arhart said that cadmium 
ainalgpm can Ik* pn*servcd under*a soln of cadmium sulphat«y h. de Souza said 
that zinc or cadmium ainalgum retains its mercury at .KK) , but not at 44(» . 

V Merz and W Weith fouml that when zim- amalgam is ke]»t in a Bul))hur vapour- 
bath for 10-15 hrs., it ri'tains no lue^*u^y ; if kept (i(i hrs, m a menmry vaimur- 
bath It retains a trace yf mereurv ; and if kepi 45 hrs. m a diphenylamine-bath, 
mxc amalgam retains 2 per c<>tit. of mercury ; and after 75 hrs in the same bath 
cadmium amalgam n-tained (h')5 |H*r cent of mercury, but all t ie luenmry had 
goni in 10^) hrs. After 75 hrs in an air-bath at 2r,ii -270 . cadmium amalgam 
retained 3 5 per cent of mercury. A. A. Damour stated that jvheii healed in air, 
zinc amalgam (hrrepitates strongly at a dull red liei^, and at a bright 
It burns >v1th great brilliancy. G. A Hulett pasw'd a stn*aii^f air through tho 
vapour from zinc amalgam, whih- this was jwiiig distilled, uniffro zinc was found 

^Acconling to J Schumann, zinc amalgam fmwdcn'd with zinc, decompose* 
water to an appreciable extent, ami if air is also ].r.‘W*n(, M. Trauls; found that 
hydrogen iKToxub* is formed. Dil. h^hloric aCld and di . wUphorto 
add were found bv \ A Daimmr.'and IH Kerj* and c<i-w'orkers to act but slowly 
oTzinc amalgam ' K Heintz found dd sulphuric acid has scarcely any aetmn on 
jiinalgamated zinc, and, according to. G .M. van l)event«T d. K Darnell, *nd 
To d’ Almeida this is due to the formation of a proUrtivc him of hydrogen owr 
the metal.* d. I. Crabtree said that the low solubility of zinc amalgam in dll. acid 
is due to the high ov.T-voltage of the amalgam whieh assunies that of the mercury. 
A de la liive showed that the solubility of ordinary zinc m dil. sulphuric Icid U 
cUle to the formation of small and active voltaic amples on the surfm^e of the meUl, 
and these cau.se the destruction of tlig zme and evo ution of hydrogmi. 
nn the zinc surface, but really on the surface of the incidental Th» 

hypothesis is strengthened by the low solubility <fi highly purified zinc ill the acid. 
M. Faraday stated : 

tine even though impuft', does not sensibly docompdso thrf watof of 
dil wid, bu’t still has wch afeniiy for the 

^ Ukn ooooer or oUtina, has htUe or no affinity, Uiuchw it m the acid, jotion enailM, 
md J’powerftSSwd abwdant electric current ts pix^u^. It is probable that 
“m bThringing tUb furisfc, m consequence of lU fluidity, into one 
ptw«iingtSow differences in character between one ^t 
Ly foTSie formaUon ol,ahe minute roluio ^uile. If any 

moment with regard to the proportion of tino and mereury, at oo«1to^ ow ^*^*J^*^ 

wT the le«t DM>«ary toftmt «l*5 ej 

“ZSTta in tiilAe lotion - the otte-ipid^ . nd the ^ 

^redeuperheieuf^orm. Oi»I>«tjCMnot,aK«o(ore.*ct«.«l»h«g«rtoenotber. 
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And henCA aU the ohemical jioiref upon the WAier at^ surface is in ^t equable con ^ tloo 
which, though it tends to produce an, electric current thiqdgh the liquid to another fUAle 
of metal which can act as a dischaiger, presents no irregiuarities by whidh any one por^ 
having weaker affinities for oxygen, can act as a dischaiger to Another. 

According to 0. Vortniann, zinc and cadmium amalgams arc readily soluble 
In dil. nitric add, and A. A. D'amour siajcd that the zinc dissolves first in ^Id dil. 
nitric acid, and leaves the mercury unchanged until after the zinc has all dissolvedf 
A. Borntrager stated that zinc amalgam prepared by his process is not attacked 
by hot nitric add. 0. Bischof found that zinc amalgam furnishes, hydrogen .when 
immersed in a soln. of potaisiom hydlOlide ; A. A. Damour, that aq. soln. of 
ammonia, or ammonium chloride, dissolve out the zinc sfowly and form water ; 
M. Traube, that when the amalgam is shaktui with air and caldum hTdroxftdo 
(milk of lime), calcium peroxide is formed ; D. Toninmsi, that when zinc amalgam 
acts on mercuric nitrat<‘ in the presoiure of potassium chlorate, the latter is reduced 
to the chloride ; H.«N. Morse* and W. M. Burton, that a soln. of potassium iodato 
is r«‘duced com])letely when foiled with zinc amalgam ; potassium bromate is 
reduced with greati'r difficulty ; and potassium i hlorate, yithViH gTeat<*r difficulty ; 
'A. Coehn and S. .lahn, that aq. soln. of carbon dioside, a/td carbonates are reduced 
to formic acid ; W. P. Jorissen, that zinc amalgam and dil. sulphuric acid jn the 
jiresenco of metal sulphides form hydrogen sulphide* ; and E. C)ernmen8(*n, that 
ketones and aldehydes are reduced to hydrocarbons. According to A. A. Damour, 
when zinc amalgam is immersed in a soln. of a normal cobalt, nickel, or copper salt 
the metal is precijiitated, and it then combines with the ni#rcurv ; but with a soln. 
of normal salts of chromium, uranium, mangande, or irob, the oxide is pre- 
cipitated. F. F. Kunge found that when zinc amalgam is immersed in an aq. roln. 
of ferrous chloride, and a crystal of a nitrate is jdaced tliercon, a black spoj of 
reduced iron is formed on the amalgam, and this is quickly dissolved by the mercury. 
No salt other than that of %nitratc was found to give the reaction — e.g. chlorates 
give no such effect. • 
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• § 44. The Macaehitiiii-Ziiie fainfly of BUminti 

Thv«c 1'lt‘nu‘nto form a family rplat^^ in many ways with ont' another, and 
I with the metals* of the alkaline eajths. Ih^ryllium and maj^nesium form 
kind of subgrou)» ; line, cadmium, and mercury form another suh- 
^ group. The metals beryllium ahd^ magnesium apjx^ar to link the alkaline 
earths with zinc, cadmium, and* menmrv. Tfie iM'heme indicat4Hl in the 
niargin is soimnimes uh«h 1 to illustraU* the itk*a. Then* may be a missing 
memlier l»etween cadmium, and nienury, since cadmium is much more 
closely related to zinc than it is to mercury. The vaptmm of all^the 
elements ajipi^ir to lx* composi'd of monatomic molecules. The chemical 
relations have Ikh'ii discussed m what pnvedes ; tin* physical pniprt ies 
of the metals an* summarized in Table Xll, ; — 


Mg 

sit 

I Cd 
Ba I 

Hg 


TaDLK XII.‘ IMjVSICAL PlUiCKICniCS or TUK MAONKSICM'ZiNC Mktaus. 



Hi^rytlluu. 

• .* , 

Miign<‘«luiu 

Zinr. 

('Hilmium 

Mwoury 

At. wt. 


24 32 

rtf) 37 

112.40 

200 0 

Hp. KR 

ItW 

1 75 

() 0 7 2 

K rt 

13 rt 

At. vol. 

a 6 ‘ 

1.3 K 

11- 13 

13 0 

15 4 

M.p. . • . 

over UOO' 

<132 

41« 2" 

320 2 

.3H Kf)" 

H.p. . . 


1120" 

Olrt' 

7S0' 

357 r 


The iiK-tals arc not oxi(liz<‘d so rcailily as the alkaline earths. The affinity 
of ‘the metals for oxygen decreases with inereosing at. wt. Heryllium doe« 
nof bear so close a relationship to magnesium, zin<*, and <i\(]inMim, and, while 
mercury has a grc'at many similarities, it has niany^imiKirtant differences, thus : 
(1) The salts an* all volatile, ; (2) it docs not n*adily combine with oxygen ; ( 3 ) ita 
hydroxub; is difficult to make ; ( 4 ) the black sulphide is virtually insoluble in 
nitric acid ; and ( 5 ) it forms two chlorides (tiic of which resembles silver chloride, 
As a inatt<T of fact, thf jiniperties of the incnUric salts can scarcely be said to 
fraternize very clo.sely with the salts of any other metal. 

The carbonat-es of these elements break uj> when heated into carbon dioxide, 
and a residual oxide, and, w ith tfae exi eption of magnesia, the oxides are hut snaringly 
soluble in water. Magnesium oxide is while , zinc (aide is white wlien cola, yellow 
when hot ; cadmium oxide is yellow wl^en cpld ; and inerniric oxide* is red or yelj^iw. 
The oxides and hydroxides are soluble in soln. of anmioniuin salts. The baiio 
character 'of the hydroxides decreases with increasing at, wt. The bydroxidoi 
are not made by din-ct union c/f the oxide with water, and the wator is easily 
expelled •from the liydroxides by hea^. This is not the cas<* w^th the bydfoxidaa 
of the alkaline earths The sulphates are soluble and zinc and niagnesium sul- 
phates are isomorphous ; the sulphatys are all less stable than those of the alkaline 
eaiihs, and their stability decn-ases with increasing at. wt The sulphatos all 
(jonibine with potassium sulphate— Zn8()4 K2SO4.6H2O, The chlpritles are all 
volatile deliquescent solids ; zinc and magnesium chlorides ary nvidJy hydrolyzed 
in aq. soln., and form basic salts when the soln, are evajioratoti to dryness. 
This is not the case with cadmium and inenuric chlorides. The two latter 
readily combine with ammonia to form complex salts, and cadmium, like merempr, 
forms a lower oxide and chloride ; the iodides of these two elements areisomoqihous. 
The halides b^coijje less^table on passing from heryllium to mercury. The sulpfaidea 
increase in stability and are less soluble as the mol. wt. increases. The 
sulphides of the first t^ elements’are noj formed in the pn*senije of water ; zinc 
sulphide is stable in aq. and slightly acidic soln. ; cadmium 8ulphide*is dissolved 
by cone, but not by dil. acids ; jwhereas mercuric sulphide is scarcely attacked, 
even by boiling nitric acid. . • • # • • 




A . 

Ahoorption ooeff. X-ra>rt, 33 
- niiUM, 34 

- sfMKtni^ I!) 

Aivumulator, light, 1H27 
Ac^raclo, 697 * 

Arttniiitn, 132, 600 

-A. U2 . / 

■ B, 143 / 

•C, 143 
•C’», 144 
• h, 144 
•X. 149 

dwiiy |jnKlu»‘ta, 136 
Aotivo (lojxwit, 97. 106 
A<iami(<',,40H. (MM) • 

.K(hiu{M apjrtw, 943 
<'mpyro«. 943 

• harriiiii, 943 

* tnorruralw, 943 

- tnineraliM, 943 
pf.r se, 707 
tiirr(ifieii, 943 

Album Mubliiiirttum, 797 
AK'hamy, 147 
AI«‘x«ndnU*. 206 
Alkali arimlgarnH, pr<>}«u-ln'M, rli*Mtu«’af, lOlK j 
phy»iif4il, I0ir» I 

)M>n Ilium pyropb(»M()hHtt', 217 ! 

Hulphoauiic*>it4‘, 607 ; 

Alkaline earth metal iiaiAlgaim*. 2?l 
Allanite, 206 

Allogonita, 206 t J 

'AMotrooiam, 131 
Alloy, Vaiyher’a boaring, 67 1 
'i-IMirticlrt», fK'Atif'nnn of, 166 
Alpha rav8, or a-niya, 73. HO 

1 ionization by, H3 , 

Htopping fHiwer of ele- 

inonta, HI 

Aluclol. 701 • 

„ X_ bath, 701 

fumaro, 7Ul 

Alum, magnoaia, 262 
Aluminium benwne chloromen iirato. Mil 
Alvite, 206 • 

Amalgam, 690, 1024 

ammonium, 1006 

ffold, 696 

hydrogwi, 753 

silver, 690 • •» 

Amalgama, 696 

^kalt rnetala, lOlOf* 

alkaline earth metala, 1031 

dental, 1027 

Ammino compounds, 845 
Ammonia turpeih,^788, 979 


AmmoniolMiau' iH)inpounda. 7H0. 845 
Amnioimim, l(t07 

- amalgiuri, 1005 

- Itaryllitim oarlmuato, 244 

fluoride, 230 
pyrf>pboiipha(e, 247 

- milpbnlo, 241 
bnuiiot'aninlhte, 314 

~ ra^lmium dimotapboMphalo, 663 

hexaebloriile, 553 *■ 

nitrate, 656 
|>ent4U'hloride. 554 
phosphato, 661 
KulpbaUs 636 

hcxnindrated, 636 
fetraicMlide, 5H2 
tnbromid«\ 571 
t richlondo, 553 
('arnallite, 306 

(di) <liincn‘urtammoni(im nitrate, 1001 

dihydratrHl. 1001 

mercuric <lmitnflodi«‘blori<lu, 997 

- oxyin«*t«'iinaminonium nitrate hy' 

draleij, 1001 

dimen'urwmmonium chtorido, 845 
f nitrate, 999 

^ - d»hv<lrat«*<l, 1000, 1W)1 

sulpbate' 97K, 979 

■ iloihH’Hbydratwi, 978, 079 
»‘ieoiH«K’blorocnneamer«'uria(e, 861 
bcnn oHi<’bIoro{*(*nl amen’tinale, 852 
io«hK'arnalht<e, .317 
miignoMinrn bromide, 314 

- ciirlMmiite, 370 * 

chloride, 306 • 

{ dimctaphoHpbate, 396 
hyilro* arlumate, 371 
irMlidc, .317, , 

■ - pboMpbate, 3K4 

nmnoliydraUvl, 386 
Muipbaie, 342 

mercuric bromotetrachloride, 882 

— ' dibroin(M hlnride, 882 

« - dibrornoihiodide, 911^ 

- — dibmmolrichlyriclo, 882 

- nitrates, 999 

-- nitratotetrachloride, 997 

— oxynitrate, 1002 

' pentabroroide, 891 

— i)ent«iodide,r927 

- sulpbaiocliloride, 978 
tetraiodide, 927 

„ . _ — hydrated, 927 
— tribrometetiydodida, 917 

triiodide, 926 • 

hydrated, 926 

- roerclMaunMtmriam iodide* 

92^ • • 


. s« 
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Ammonium, morcuroiw diamminoxygul. 
phato, 968 

nitrato, 988 

— — mitoohloroirimerciyiatti, 851 

pentaohlorodimercuriato, 852 • 

pentachlorozincato, 552 

— - Hodium berylHuni orthopho«pliate, 247 

magnesium pyrophonphate, 594 * 

_ tetraohloromftrr'uriato, H49 . 

' inonoh^dratod, 849 , 

tatraohlorozincato, 552 

(Ultra) inagnosiurn diphoHphnto, 585 

- - -Tribromornagnoaiiita, 514 
" tridhlorotnagnosiate, 506 

triohlorornercuriato, 851 
- “ monohydrutt'd, 851 
trimorourio HulplmU\ 078 
zinc dihydro[du»M|)luitf\ 661 
— dirnotaph<)H|)liati«, 665 

- — — fluoride, 554 


I Atom, hydrogen, 160 
j — — Lfingnuib's octet theory, 196 

I lewis’ cubical, 196 •• 

! — Rutherford, 166 

! Saturnian) 166 

i Atomic numbers, 38 

' • weights, 3, 61 

•Atoms, disruption, 156, 166 

electric spectrum, 60 

— recoil, 109 

! with multiple charges, 60 

I Atramentum hlbum, 61^ * 

- sutoriuni, 613, 

' Attraction, intermolecular, 187 
— intramolecular, 187 
Auric beryllium chloride, 233 
Aurichulcito, 408, 648 
Aunchalcum, 599 


hydroxydicarboriatc, 647 

• — oxychloridcH, 646 

• — oxydodi'caclilonde, 546 

oxyhcnachloride, 546 
- oxyhexadocHchloride, 546 
' oxyoctochloride, 546 
■ - “ pentachlorido, 551, 552 

' • - fihoMphate, 661 

- • - moiiohydraU'd, 661 

polyiodido, 581 
- -• potassium Mulphafc, 641 

- Hulphalo, 655 

hexaliydratcil, 655 

- - tetrnchlofiiie, 552 

tetraiodide, 582 

— ■ tribromidc, 571 

Analysis, positive ray, 50 
Animicite, 698 
Ankerito, 251, 571 
Anticathode, 51 
Antifriction metal, 671 
Aqua plmgado'nica, 774 
Aquainaritio, 204 
Aquobasie compounds, 815 
Aragonite, 406 
Arakawai to, tS64 
Arc Spectrum, 7 
Ar^ial, 309 
Areoniuin, 171 
Argental, 1024 
Argeiitifhi vivum, 60^ 

Arguerito, 1024 
Argyrodite, 40t) 

Arquerite, 606 
Arrested reaotions, 983 
Arrhenite, 906^ 

Arsenioo-wagnerite, 388 
Artinite, 366 *• * 

Asem; 670, 696 
Asterium, 21 
AsU;roidal elements, 3 
Astrakanite, 3^ 

potassium, 339 

Atom, 168 

architecture, 166 

Bohr’s, 167 

calcium, •176 ^ 

cataclysm, 180 

composite, 12 

— — helium, 169 


: * B . 

• 

Baliner’s s|>ectrifm, 169 
Band spectrum, 7 

hemi of, 7 

tail of, 7 

, Bareeiiite, 697 
i Barium amalgams, 1031 

I cadmium allays, 687 

; t^trabromide, 672 

tetrachloride, 659 

— _ , tetraiodide, 684 

- — <lodecamercuridc, 1032 
henurnercuride, 1032 

— liexadecamercurido, 1051 

mereuriato, 780 • 

* — mercuric hoxabromide, 894 
— - hexaiodidc, 939 * 

■ octamminotetraiodide, 940 

sulphide, 957 

I - Ijontahydrutod, 967 

1 • totrabrornido, 894 

— tetraiodide, 940 

j • pentt^liydruLe, 940 

monomorcurido, 1033 

^ octochlorornercuriate, 860 

- hexnhydruted, 860 

I)entamcrcuric dodccaiodido. 939 

octohydrated, 930 

— hexadecaiodide, 940 

— ^ hexahydratod, 940* 

— ^ potassium tetrachloride, 310 

trideoameruurido, 1032 

— • trimercurio decaiodido 940 

1 — ■ — ' — hexodecahydrate, 940 

I ’ — wagnerite, 388 

j — zinc tetrachloride, 568 

I tetraiodide, 684 

[ zincate, 630 

I Itaudisserito, 349 
I Becquerel’s rays, 63, 73 

I chemical effetita of, 75 

I physical effects of, 73 

I Belonesite, 296 ^ t 

I Belonite, 296 
>*Bertr«ulit«,'206 • 

^ Beryk 204, 206 

I golden, 204 

IWyllaSes, 228 
fli>ryllerde, 206 
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—T' ®*tnK»tion of, 207 
Berjl/ium, 20^ *05 . .• 

Pyropho«phttt«, 247 
Upha (a), oxide, 224 • 
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atnmoniuio ctiri>oiMte, 2#l 

— 6uorido, 230 

• * ~ pyrophosphate, 247 

-ablphate, 241 . 

“ — atomic iiumbt»r, 220 

— weigtit, 218 , 

auric rhlundef 233 

beta (B), oxide, 2 ‘>4 

bromide, 233 

calcium fluo-ortlii»phuspliale. 247 

carbonate, 242 

bawc, 242 

chloride, 231 

diiiinmiiK*-, 232 

hexaminuio-. 232 

io<hc. 233 ,* 

i)ro{)ertn*fi, cheiiucal, 232 

„ . pliNHical. 231 

■' — • — telraby(imt4Hl, 231 

— — tetramrumo, 232 * 

chloWJiiicrcuriate, HOO 

■ “ copjM'r alloys, 008 

■ - — cupric sulphate, 241 

cufiride, 008 • ^ 

, dihjdi'ophosphate, 21(1 

■■ — dioxide, 228 
— * fluoride, 220 
— licnuoxyortho[ihospliaU', 210 

hiHtor.N , 2lH 

liydro(K*roxyh>dr(»xidc, 228 

— — liydrbpliOhpliHte, 240 
hjdfoxidc, 224 

— ageinj?, 220 

— - — colloidal. 225 

— _ pn.pnralion, 224 

... __ pri){)ertu>H, chemical, 220 

— physical, 225 

— iodide, 234 , 

— Hempiiamniftio, 235 

iautopea, 220 

^ mclaphosphate, 240 

nitrate, 244 

„ iiba^ic, 242 

— * tetrabyflratcd, 245 

nitjatophowplmte, 240 

— — rxi'urreiu'c, 204 

orthophoaphate, 24(} 

oxide, 221 

— — pFP}>aration, 221 

— ? pro|Xjrtios, oliemical, 223 

phyaical, 222 

— - oxybromido, 234 

oxycarbonato, 242 

oxychloride, 232 

tetrahydrated, 232 

oxydioxide, 228 

oxyfluoride, 229 

oxyiodide, 234 

oxyniirato, f 45 • 

Pawon’a teat, 216 

pboaphate nitrate, tflO 

poly^phide, 235 

potasHium carbonate, 244 , 

fluori(|e, 230 


10» 

Beryllium, potaaiium hydro«u4^^>*^ 

pyn)}>hoaphate. 247 

propantion, 211 

propertiM, 211 
-- - ~ chemioal.*214 

- * - phyaical, 213 

pyrj •pboaphate, 248 

, — re«4'Uona of auiUytioaJ intereai, 216 
— ixxlium ammonia orthophoaphate, 247 
— * — fluoride, 230 

- — - bydrtMulphale, 24 1 

-* - - orthophixtphate. 246 

- - - pyropluwphate, 247 

sulphate, 241 
Hulfthate, 235 
Ixiaic. 239 
ddiydraltxl, 230 

heptaliydrattnl, 230 

hexultydri^t^xl, 230 
monnliydrateil, 236 
|M>t4WHium, 240 
tctrahydratail, 235 
Hiilplude, 235 
umv*. 217 
vuj'arn'rt of, 215 
valency. 218 
r.iiic riulphate, 040 
lh‘r\ lltiuaU's, 228 
llervllomte, 200, 240 
IhVvlhw, 204 
lh*r**liite, 252 
Ih'ta ra>«. or /i rayn. 73. 84 
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lliHt h .liU', 252, 298 
UiHinulh, nxlioactivi 
Hitter mdt.'249, .321 
spar, 371 
spar, 251. 371 
Hitterfsle, 25tt, 280 
Hitteraal/^'nhs 25t) 
Hityite, 2(M1 
Hla« k jack, 108 
liKht, 53 
pIsH-ipitaU*, 809 
Hlaiu’ de xme, 507 
Hliitterhlende, 108 
Blende. 580 

- cmlimuin, 587 
roan, 407 
Hidut H. 592 

- xmc, 4(t7, 586 , 

Hloililo, 252, 330 
Blue powder, 41 1 
Bobiernt»\ 252, 382 
Bohr H atom. 107 
Boracite, 252 
Bonlokile, 097, 812, 1024 
B(»rutttafpieaite, 252 . ’ 
Hotrj'onen, 252 
Boui«imgaullit4% 342 
Bow nianito, 206 

Hnuw, 070 
Hniiw, 070 

Admiralty, Naval, 
alpha (o). 672 
bet* (^.672 
. - cartridge, 671 ' 

— common, 67 1 

- <x>mplex ,^70 
delu 5 ),V 2 


magmdie a)xM<t.rurn, 85 
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BrtM» spiOon (<}. 672 

672 

- — ganinm (y), 672 

hiftory, 398 

imgaeidvaa, 283 * 

— - nmnganMe, 670 

nlckri, 670 

propertie*, cheinicHl, 677 

— — ~ ^lyidcal, 673 

' tin, 670 

Bruing solder, 671 
Breunerito, 261, 349 
Brevlmn, 122, 127 
Brochantite, 639 
BroniocamalUte, 314 
——ammonium, 314 
BromomenmriaUw, 891 
Bronio-wagutirito, 388 
Brongniartine, 639 ^ 

Bronze, 670 

complex, 670 

tnangaiieae, 679, 67 1 

BroMite, 371 
Brown 26 1 
Brucite, 261, 290 
Brugnateilitu, 376 
Buerro dc zinc, 036 
Bustamentc’H liirnHct', 791 
Butter of zinc, 636 
Butyruiri staiiiii, 812 
- ainci, 636 


Cabrerite, 262 
O^min, 398, 642 

fomacum, 404, 642 

Cadmium, 398 

— ' alloys, 666 
amalgams, 1937 

aiuiuonivuu dimctuphosphatc, (i63 

- ■“ argcntido, 684 

lluorido, 634 

hexaclilorulo, 663 

nitrate, 606 

* — - peiitacldoridc, 664 

— » - -- phoa^hute, (9U 

tetraiodido, 082 

tribromido, 67 1 

K" tricliloruH 663 

atomic nuniber, 603 

weight, 601 

auride, 084 

-barimn alloye, 687 

^trabromido, 072 

tetrachloride, 609 

— ^ .... tetraiodidt\ 684 
.blende, 687 

— ^ bromide, 664 

— — ' monohydrated, 667 

— ^ totrahydrated, 687 

— — bromoap«tite,«660 

bromophoaplmte, 660 

esasivun pentabromide, 672 

pentaiodidc, 683 

tetrabroMide, 672 

tetTaohloride, 668 

tetraiodide, 683 | 

tribromide, 672 


Cadmium-calcium alloys, 686 

g — boipacbloride, 5^^ 

nlkratev 666 „ 

carbonate, 642, 643 

hem^drated, 643 

carbonatee, basic, ,647 
j chloride, 536 

* - — dihydrated, !l40, 541 

* - hemipeutahydrated, 641 

heptatritahydrated, 640 

- — monohydrated, 541 

- - jwvtahydroted, 641 

1 — properties, chemical, 648 

- - physical, 636 

j - tetrahydrated, 541 

I - i-hloroapatite, 660 

I - chloromercuriato, 861 

I chlorophosphate, 660 
I colloidal, 422 
j - -copjwr alloys, OS'!} 
j tetrachloride, 669 

j cuprous ho^aclrteridd, 509 
j - ■ tribrtyuido, 572 

I (di) iH)ta88ium sulphate, 638 
I - diamminobromide, 671 

I diammuiochionde, 660 
' diamminoiodide, 682 • 

diamminosulphato, 633, 634 
dihydrochlorido, 649 
dihydrophos^uto, 661 , 

- mhydratod, 661 

- dimercuride, 1039 

- diinotaphosphate, 663 

- disodium phosphate, 661 

- " extraction, 421 

— - fluoride, 633 

•gold alloys, 684 

hemioxide, 606 

hexammiuobromide, 671 
hexammirnwhlorido, 550 
hexafuminoiodide, 682 
— hoxamminonitrate, 656 
-- hexamminosulphate, 633 
-- histyy, 398, 404 

- hydrazine bronfde, 670 

- • • hydrazine chloride, 661 
' - hydrazine iodide, 681 

- hydrobromido, 670 
hydroiodide, 681 

hy^rosulphide, 607 

hydroxides, 621 

— hydroxylaniino- bromide, 670 
hydroxylamino-chloride, 661 
iodide, 674 

- * -lithium alloys, 668 
triehlondo, 664 

-magnesium alloys, 688 

hexaohloride, 659 

sulphate, 041 

mercuric hoxabromide, 894 

hexamminotetraiodide, 923, 941 

oxybromide, 894 

oxynitrate, 998 

tetrabromide, 894 * 

j teiraiodWe, 940 * 

— tetraim^otetraiodide, 923, 941 

4’ mercuridos, w39 

monoamuunoohlorida, 651 

I n^nohydroxide, 606 

-4 — monomercuride, 1039 
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Cadmium, monoxyiiitrato, 655 
■ — tnh,v<i^t(Wi, 655 

muiioxytmluhAte. MB. • 

- tiVrata. 6^ 

I - ba«o. 665 
f ^dihytiratod, 651 

MmMhydraUHi, 65 1 

- — t«trahydnA<Hl. 651 
ocAirrwioe, 401 
orthofdtoa^te, 65i>. 
oxkk>. 506, MtS 

- • ' — pro|J«»|litw, 615 

pIlNXll'Hl. 510 

oxychlond^, 540 . 
oxydibroiwck*, 600 
uxytliicKlide, 5H0 
pent4ihomimi?n'uri<l«‘, 103» 
|)entaratninochlondf, 660 
fMmtMulphidt*. '60S 
lieroxidMi, 621. 5.10 
iduMphato. 66H 
|>olybroinide, 6Sl > 

|)olyiodulo, 68 1 »* 

• IMJUuwium ttlloyn, 007 

♦ dimloiuru nulpluit«\ 040 


h<jx»K hK«ri<l<*. 6.57 * 
phuHplmlo, 001 
pyr<»pli<>»plmt4*, (iO.I 
Miilplmt«*, 0.18 

dibyclruU^d, 638 
l»*niitnhydrHUKl,*61H 
hoxMhydntUMl, 618 
HuJpludii, 600 
tt‘trai<xlt(U*. 681 

- - t4'tranu*Uif>lio«pliu(c*. 0(*4 

tnbroitu(i(‘, 672 
ft-ifhlondo, 666 
^truodido, 681 
projwrtHti, cb«*ini('ttl, 472 
- phynicttl, 464 

- pyro|»lu)HphaU', 002 
((undraiitoxide, 606, 
rubidium hexabnuuKb*, 572 

Prtnu'hlondt', 667 

- - Iribruniub*. 672 


•Hilver alloys, 084 
sodium alloya, 607 
-- ~ - bromide, 672 

^ercurido, 1039 
phoapliate. 661 
- pyrophoapbate, 062 

- gulphato, 637 

dibyclrtiled, 637 

sulphide. 604 

tetrachlundo, 3.54 

tetraioilide, 683 

tetrainotaphoapbate, 604 

— trimetaphoaphalo, 663 

triphoaphato, 664 

.strontium aUo^, 687 

hexachloride, 668 

tetraiodkie, 684 

•— — sub- bromide, 670 

subchloride, 648 

BubhytiroxidI*, 5(W 

subiodide, 681 

— . — suboxide, 606 

subsulphate, 613 

sulphate, 614 

amminM, 633 


Oadmium sulphate oo io pl exe a. 633 

MUMMidiiydMMe^ 616 

„ hemihydmted. 616 

- - ~ ItemipeoUhydrated. 616 

— hemitrihy^nMed. 616 
hep!4diyunUed, 616 

- hydroohlorkhw, 637 
monuhvdrated, 616 

wtotrihj pirated. 616 ' 

tefrahyuratad, 616 
wulplia44M( bssio. 6^6 
ItUiiiim and, 636 
sulphide, 686 

- Q. 693 
/i. 691 

eoiluidal, 60tl 
prupertnw, ehtu ideal, 602 
- phytiieal, 693 
lelrabroinide, 670 
UMranielaphoNpilato, 664 

- det aiiydratiMl. 664 
telminmiiiobnmudo, 571 

totrainmitio<'blorit|e, 660 
let rainininobexaigtlide, 682 
(etraiiuianoKMlide, 682 
let ramminuHiilplmte, 636 

- dihydraUMl, 636 
tetruhydrat4Hl, 636 

truimmmohrumide, 671 
triaiiiiiun<K.’hluride, 560 
triliydroxylammo iutlide, 682 
tniuen uric (x'toKKlide, 911 
tnoxydiiutnit4\ 666 

oetoliydratwl, 666 
triphosphato, 66# 
yellow^ 693 
•xiiic alloys, 688 

- sjHir, 643 
('iMiiniuyiKelb, 693 
('(Mliiioua ehlonde, 648 
('s'sium lunalKams, 1015 

cadmium (>oiitabroinide, 672 
)>ontaio<lidt‘. 683 
tetrabromide, 672 
t4arac‘hlurido, 668 
totraiodide, 683 

- tri bromide, 672 
camallito, 308 
do<j(ainenjurid«, 1016 
dimoreurio pentaiodide, 934 
dimenuridu, 1011^ 
dodcx^atnorcurido, 1016 
heinitucnmndo, 1016 
hcnadocachioroijentainercuriata, 869 
hcxamercurido, 10I6 
liiat^noHium bmrnido, 316 

• - carlKUiato, 870 , * 

' chlurido, 308* ^ , 

sulphate, 3l0 

mercuric bromodiiodkie, 931) 

- chlorodecabroinido, 893 
chlorodibromide, 893 

~ dibrornodtJod^ie, (MM 
-- dichlorodibromide, 893 

- diohlorodiiodkle, 939 
nitrate, 997 

cK;tolodide, 9% . 

pentabromide, 803 • 

fienuuoduie, 934 

Mlnftrvmide, 893 
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CMium mercuric teimiodide, 934 

tribrmnide, 398 

tribromodiiodide, 934 

triiodide, 934 

trietUorodibromide, 898 

monomerouride, 1016 , • 

penUchlorodiinerouriete, 869 

penteohloromercuHate, 869 

tetraohloromercuruite, 869 

tetnunercttride, 1015 * 

triohloromerouriate, 869 • 

lino pentobroruide, 672 

— I pCnittObloride, 667 

pentAiodide, 683 

milphate, 638 

hexalivdrntod, 638 

.. _ totrabromide. 672 

t«trai()dide, 683 

Caguinite, 646 
Calilem, 402, 408 
('alamine, 408. 642 

‘filectric, 643 

green, 408 

('aleiuzn UTnaiguniH, |032 
argeiitid(5, 686 
atom, 176 

- - Iwryllium fluo-ortlioph«Mphato, 247 

• - - eudmide, 6K6 

cwlniiurn ulloyn, <186 

bextwddorido, 668 

- - - nitrate, 666 
-coiiiH^r alloya, 684 

■ - etipnde, 684 

dm-amorouride, 1033 

- • - (di) potaoHimn ^mlinium sulphate, 640 

™ line milphate, 640 « 

- -- dimercurido, 1033 

•' - d<HltH?achlorornereuriHU', 860 

_ . . — ootohydraU'il, 860 , 

ennoumereurido, 1033 

■ - hrxHohlommertuiriute, 860 

— ... hexahydratod, 860 

- inagneHide, 685 

' - niagneiiiuin alloys, 686 

— - carbonate, 371 

- chloride, 309 

potassium sulphate, 344, 346 

- m<'rcurittt«, 780 

- - meri’iuric carbonate, 082 

hexabromide, 894 

... . hexaiodi(^, 938 

- - - • oxyuitrate, 997 

... . ^ . totrabromide, 894 

teiroiodide, 939 

— - oetohydratod, 939 

• - - oi'tomercuride, 1032 

penUiinercuric dodecakHlide, 9 ,t9 

j. o^tohydrated, 939 

tetradcH'aiodide, 939 

pent^inerouride, 1032 

— •silver alloy*, 686 

- totrainea'uride, 1033 

— tetratriti meiyuride, 1033 
wagnerite, 388 

lino alloys, 686 

sinoate, 630 

tinoide, 686, ‘,'87 

Calgoorlite, u97 
C«auium408 
Calitzenstein, 613 


Calomel, 697, 797 
Caiia^raya, 42, 47 
Capntte, 643 . 

Camallite, 262, 298 

ammonium, 306, 307 

brotno, 314 

iedo. 317 * 

' ca‘siuiri, 308 

^ rubidium, 308 

Carymite, 262 
Casoa<ie furnace, 701 
Cathufle rays, 26 , 
j Cat’s-eyo, 2(f6 
Cerbolite, 342 
! ('balcanthites, 639 
! Cbarcanthum candidura, 613 
I Chemical reactions, 61 
I - -- radiation theory, 44 

j C'hinest» white, 507 
(3doridizing roost, 413 
1 Chlorite, 261 
(3iloromrtgnosite, 29t^ • 

Chloroincrcuriifvs, 8tH 
(3iloro*wagnerile, 388 
Chromospine), 261 
Chrysob«'ryl, *206 
ChryHoi'olla, 406 
Cinnabar, 69(i, 943, 914 
hepatic, 69ti 
' Indian, 942 * 
(/innabari5«,.6!Ml 
(3ays, tallow, 406 
('leio[>hane, 686 
C'limia, 408 
CiKTiiuto, 697, 901 
Coinage, British, 671 
1 Colorndttto, 697 
('umbmation, chemical, 1085 

olci tronic hy(>othosj8, 183 * 
Com[)lox compounds, 195 
Components of sfs'ctrum, 7 
('ompounds, complex, 195 

• - isoelectric, 201 

isosU^ric, 200 
moYoi'ular, 196» 
sttturatetl, 191 

, unsaturated, 191 

Conite, 371 

Contra valencies, 179 , 

(.'opjier amalgam colloidal, 102.‘t 
afnalgaras, 1022 
. -beryllium alloys, 668 
~ -cadmium alloys, 683 
— totrochlorule, 669 

• • -calcium alloys, 684 
— -magnesium alloys, 668 

— carbonate, 370 
inercurido, 1022 
-silver amalgam, 1027 
-line alloys, 670 , 

— aimuinot'hloride, 648 

carbonate, 648 

hydrosulphate, 640 

— oxyehlorido, 546 • 

phosphate, 66# 

sulpliates, 639 

Copperas, white, 61^ 

, Coralline earth, 696 
i t^oronitiin, 21 
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Cof wi vp itthfaaaii*, 7t7 
Oonjjft powdBr,.S49 

191^ 

Qeookm' dark ipace, 94 

90 

Cryp^to. 398 
Cii|m befylltum 9^ 

— o*dmtd 0 , 883 

chloride,' 3U8 

— ” mercuric chloride, 880 


oxybromide. 893 

— ^ oxychloride. 860 . 

j ox}'»itr«te, 995, 998 

— tetnuiuninohexeiixlidc. 938 

telrminmino-tetruhroinide, H87 

tetruinmioo tetnuodide, 938 

- — - sino eulfthide, 604 

Cuiurogoekrtte. 640 

Cuprous codmium'hexechloride. 559 

tri bromide, 572 

mercuric diamininotriiodide, 936 

hemLlienUu'nrnuio-totrAiodide,935 

hexAiodide, 938 , 

s. — bexafim)ino>hexaiuditje, 938 

octoainmino tetrauKlide, 935 

JL. tetraiodidc, 935 ' 


tetninimin<>-])cntAiodulo, 938 

triaumun<» |>entai<xlide, 938 


— , triiodidc, 935 

(!upromagno(utc, 259 ^ 

(’yinophanc, 208 
Cuprosiucite, 648 
t^ftolite, 2(Hl 

Ciormak and .Sjiin'k a furnavc, 70l 
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Daiialite, 206 
Dark luiee, 5 
— Apace, ('rookea’, 24 

— Fftraday’i*, 24 
Davidaonite, 204 
IMta metal, 671 

rays or S-raya, 85 

Dental amoJgaiiui, 1027 
Deposit, active, 97, KMJ 
of q^pjd change, 107 

— of slow change, 107, 112 

Devolution of elemonte, 158 * 

Dimercunarnmonitim amminoxide, 7'.>o 
amminochlunde, 889 

— ammooiuni clilon<le, 845 

nitrate, 999 

• ,4 dihydratwi, 1000, 1001 

sulphate. 978, 979 

— . dodocaliydralitd, 978, 979 

bromide, 888, 889 

dihydratod, 888 

hei^iydrated, 890 

monohydrated, 889 

bromomercuriate, 889 

carbqiaate, 982 

■■-a- chloride, 869 • 

— hydrates, 870 ^ 

— chloromercuriate, ^ 

— diamiDonium nitrate, 1001 

dihydrated, 100 1 

dibromomercuriate, 888 * 

VOL. IV. 


) Dinmrou mmroonfa m htm l a mmfiMi i ffon i i fi* * 
890 

ImabromomareurmtAt Mt 

hydfobromtda, 890 

bydrophosphf^e, 1004 

h,>’dN>xyh»omoamida, 890 
iodide, 9*8 

, — , . hydrated, 914 

t t — mermmammonium sulohate, 980 
- - merourio h^’droxyamidulutrite, lOOf 
.. . tetroxvnitrate, 1001 

I m'on<>aquochlorida, 867 

j -- nitrate. 1000 

-- - oxuie, 789 

; dihydrated, 790 

- '• heiniemialiydrated, 791 

! - - inonohjtlratetl, 790 

I iwntahydrateil, 791 

I tctraliydrated, 790 

inhytlraleil, 790 
- sulphate, diliydraUni, H7H 
inunohydmteii, 978 
' Dirw'ltMl valencite, iKtt 
DuM'harK<% electric, in gA*»a, 24 
i Diacontinuuus )4}>ectruin. 5 
Displacement rule, radioaoUvo okuneuts, 
129 

■ Distillation ja*r lUKHUisum, 403 
- jM?r desisuisuri), 403, 701 
Dittmaritc. 385 
Dolotnie, 371 
I Dolomite, 251, 371 
' colialtiferous, 371 

de<‘alcific.ation. 281, 282 
[ ferruginous, 37 • 

fonnation in nature, 371 
i - manganiferous, 37 1 
! nirkehferous, 371 

-- properties, 373 

scuaration magnesia from, 281 
' solubility, 374 

I -spar, 371 

I .strontian, .376 

j synthesis, 372 

i ! tolonutic marbhvi, 37 1 
I Doniuiu, 205 
I Donovan's «>!ulion, 916 
i» Doublet, elei tric, 187 
' Draco, 797 
I mitigntus. 797 

' Dry IsMie, 408 
• Dumreichente, 252 
j Dutch metal, 671 

i 


K 


Kartb* coralline, 696 
Ketogan, 531 
Kglestonitc, 697, 8<K 
Klectric oalanitne, 408, 643 

charges within n^lecitlp, 188 

- discharge in gaaas. 24 
doublet, 187 

— field, action on spectral lines, 19 
spectrum of atoms, 50, 
Klectroma^tic maaC 180 # 
K3octron. 29, 164 


-- mast, #09 

positive, 29 • 
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StoetfOM, moW», 1$7 

BMMyHi thtter rototkig, 166 

nltoy, 167, IW 

^&dag,l»0 , 

EbetvopofltiTt tbiMDtt, 176 
mMMOt, S, 168 * 

BlMMOti, wtotoid*!, 3 
oomioon, 3 

166 

«leotron«gative, 176 

eleotropontive, 176 

(svolatMn, 166 

. Lookyer on, 21 

— extiiiot, 8, 166 

ifotopio, 60, 130 

mixod, 168 

multiple growth hypothesk, 1 73 

— ■ multivftkmt, 174 

muUbUity, 166 * 

new, 61 

pleiiidio, 130 

.-■» — prixnel. 1 

pure, 168 

scarce, 3 

transmutation, 147 
Emanation, radium («i>e niton), 96 
Emerald, 204 
Emission spectrum, 7 
Enm^, intra-atomic, 160, 166 
EngeTs magnesia potash process, 360 
English salts, 240 

Enneamerouriammonium iodide, 024 
Ennearoerouho ammonium eikosiohloride, 
861 • 

heptoxybromido, 886 

Epididymite, 206 
Epsom^salto, 240, 262, 321 
Epsomite, 262, 321 
Equivalent transparency, 32 
Eramannite, 206 
Ersalum, 613 
Euolase, 206 
Eudidj^te, 206 

Evolution elements, Lockyer’s hypothesis, 
21 

■ — - o& elements, 166 
Excited radioactivity, 07 
Exciting X-rays, 32 
Extinct elements, 3, 160 


Fablers, 406 
Fahlorfe, moipurial, 607 
Faradf^'a dark space, 24 

efleot, 19 

Feserblende, 408 

FaUicnrito, 262 

Fwrogoslarite, 613 

FwrO'Wagnoiitr, 388 

Field of force al^ui molecules, 187 

Fierroso, 607 

Flaine spectrum, 7 

Floret smci, 607 

fluid magnesia, 861 

Fluorescent spectrum, 7 

X-rays, 36 

FoNsite,206 


, Foundry metal, 671 
I Fourth state nmtter, 28 
Franklivite, 408 ‘ 

' Fraunhofer’s lines, 5 
Fulminio acidic 093 
Fume lino, 411 
Furnace 701 
~ — aludeU 70 1 
I — Bustamente’s, 701 

Czermak-Spirek’s, 701 

shaft, Litchfield’s, 701 

Novak’s, 701 

— ScoU’s, 701 

Furnaces, zinc, 413 * , ' 

Fusible white precipitate, 786, 846, 862 


O 


Gadolinite, 200 
Galmito, 408 
I Galena inauis, 686 
GaUitzenite, 613 
Gallitzenstein, 61^ 

Galmei, 408, 642 
Galvanized iron, 495 
Galvanizing, 4114 

dry, 494 

Gamma rays, or yrays, 86 
Gorman silver, 67 1 
Giobertite, %19 • 

Oiorgiosite, 365 
Glucinates (sp« U'ry Donatos) 
Gluoine, 205 

Gluoinum (wc beryllium) 
Glycine, 206 
Gogkelj^i, 613 
Gold amalgam, 606, 1027 

colloidal, 1028 

cadmium alloys, 684 

homimercuride, 1028 

imitation, 67 1 

magnesium alloys, 669 

* mesDurous sulphide, 967 

mosaic, 671, 

pentahemimercuride, 1028 

-silver amalgam, 1029 

— »_ tetramerouride, 1028 

zinc alloys, 682 

zinoide, 682 

Golitzsteinj 613 
tloschenite, 204 
Gostarite, 408, 613 
Qreenooldte, 409, 687 
Guadalcazarite, 057 
Guadaloazite, 607 
Guanite, 384 

Gun-metal, Admiredty, 671 
Gurhofite, 371 


H 

Hahnemann’s soluble mercury, 988 
Hambergite, 206 
Hamlinite, 206 ^ 

f annayite, 262, 30b 
ard X-rays, 33 
Hautefeuillite, 382 
H«tafl of band spectrum, 7 
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,S06 

^ ^ .40®, 641. $41 

914 

KiiSc^ 106. 147 * ' • 

BwtDMite. #97 
Benwito, 643 
R»neb»l’t eryvult, 1649 
GSboniiun. 68 

Hnfnuuui And H/wburg'* tbnory, iwrrury. 

nitrogMi i'ompoimdB. 78A 
HdUneA. 606 
Hmmdogous nxKTtm. 13 
Hopeito. 406. ^6 
- — a. 656 

fl. 666 

HOnMMito. 262 
Horn roerc-ur>', 798 
— — quicktulvf^r. 697, 796 
Houghito, 376 • 

Hui^ da Urtra, 260 
HundUta, 698 
Harenufita. 060 

Hydrargyri nulx'hlondi ungantuni, 813 

•uiwhloridum, 813 

RydrArgyniin, 696 

Hydra^'niN c&lcinatiw nibar, 771 

Hydraxino (tli) man'iiru* hydrc>thlon<l«*, 874 

tatrfM'htonxTiercunata, 862 

-r- tnercunc broiTii<lo, 88! 

chlorida, 847, 872 
~ hydroahlorida. 874 

- “ ir^ide, 915 

sulphatti, 978 
. tmodida, 927 

- !iydnit<j<l. 927 

marcuroua nitruta, 784 
-- " tribn>nionM*n'unaU\ 881 
trichlorornfrv'itnfttH, 862 
Hydriodomercurir acid, 926 
Hydro!x)nicita, 262 
Hydrochlorofniinhomorcurl^' acid, 961 
HydrododacAohiorotri mercuric acid, 849 
Hydrodolomite, 376 
Hydrogen allotropic, 61 

amHlgam. 763 

atom, 169 

primordial. 2 

spectrum, 169 

Hydrohept4ichloromercuric ac)<i, 848 
Hydromagnesite, 262, 366 
Hyairomanganocaicite, 376 
Hydronickel magnesite, 376 
HydApeatachlorodimoronric acid, 849 
Hydrotaloite. 261, 376 
Hydrotairachloromercuric acul, 849, 891 
Hydroiribromontercuric acid, 891 
Hydrotnchloromercuric acid, 848 
HydroxyUunine (daca) dimarcuric hydro- 
ddorida, 873 

^ — >annaachloromercuriata, 862 

(di) marouhc chtoride, 873 

sulphaie^ ^8 

magnaainm chloride. 305 

jDDarcanc chloride, 847, 872 

h 3 rdrobrofiiida, 990 

hydroefalorida. 873 


) HjAlroxxbMniMiiMn^ - 

I (latra) mMwuio dai|4poehlo^^ 

Hydrogjimwi (tstva) 

— tribroiaoiiaMjpiria^ 661 

; trieh)oriii»a«Mii«la, 661 

, Hydrosinoita, 408, $4$ 

< Hyrgol. 708 


Idrialins, 696 
Idrialite, 696 
Indian cinnabar, 942 

Un, 403 

Indw^l radioactivity, 07 
Inertia, Id^ 

Infusible white precipitate. 786 
Intennolecular attraction, 187 

iontsat4on. 189 

Intra-atomic energy, 160, 166 
IniramultMTuUr attraction, 187 
Iodic ber>‘llium rliloride. 233 
lodo eamallite, 317 
iiicrcunates, 926 
Ionisation, 177 
by a- rays, 73 
intermolocular, 189 
Ionising [lotentials, 16 
galvanieed, 494 
- spinel, 261 
Kino s|)ar. 643 
Isoelectric compounds, 20 1 
iaosU'rtc compotmds, 200 
laotopic ^letlMmis, 60, 130 
Isutopism, 131 
Isotopy, 130 

pseudo- 19.1 


.1 


Jaunc brilliant, 69.1 
- de cadmium, 693 
Junonmrn, 404 


K 


i K-radiations, 36 * 

Kainite, 262. 343 
Kane's salt, 788 
‘ ~ - Uieory mercury-nitrogen ooi 
- 786 

, KapiiitOf 64.1 
Karymite, 262 
^ Keiftm, 799 
i Kharpara, 401 
Kieserita. 262, 321, 92Z 
Kierulflne, 388 
{ Klaprothiuro, 404 
1 iCkmiite, 697 
Klinophaite, 262 
Koogsbergite. 1024 , , 

Kossel’s hypothesis VUenoyt 183 
Krisurigita, 639 
Krugita.3^M 
Kntaob^ta. 371 
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L«radiatjbna, 86 
Uo monnirii, 797. 862 
LancaateHta, 366 • 

liangbainita. 338 

rubidium, 339 

ILangmuir'a octet theory atomfi, 106 * 

Lanafordito, 262. 367 

Lapia oalaminaria, 401, 642 * 

— — ruboua, 943 
LavcBaiurn, 672 
Lazalite, 262 
lead, ht. wt., 128 

mercuric bromide, 894 

line oxychloride, 646 

Leberblonde, 408 

Lohrbaohite. 697 

Loinberg'a aolution, 376 

I^tfiard raya, 26, 28 

Leonito, 339 

Lerbaohitu, 697 

IxiToh’a rule radioactivity, 114 

liOaalwrgitc, 371 

Leuoophano, 206 

Leviglianito, 697 

I^ewia’ cubical atom, 195 

Light, action magnetic field on polarized, 

. - black, 63 
' -- rnagnoaiurn, 269 
Linear alworption cooff. X-rays, 33 
Line Hjwtnmi, 6, 7, 916 
Liquor amenii ot hydrargyri iodidi, 916 
-- niagmwa carbonatcH, 361 
Litchfield’s shaft fvirnaw, 701 
Liiliiutn amalgams, 1012 

- cadmide, 668 
•chdmium alloys, 668 

- sulphate, 636 
trii'hloride, 664 

- - ditritamercuride, 1012 

hemimereuride, 1012 
hexamercuride, 1012 

- -magntwium alloys. 660 

- carbonate, 3ti7 

- - merourio bromwliohloride, 892 

tetrabrornido, 891 
tettaiodide, 927 
— hexaliydrnted, 927 
octohydrnted, 927 
tribromide, 891 
moAomercuride, i012 

pentamerourido, 1012 

tetraohloromeapuriate, 862 

- trichloromeroiu'iato, 862 

- trimoreiu:ide, 1012 
■zinc BuIphaU', 636 

trichloride, 664 

Lithophone, 600 
Livingstonite, 607 

Lookyer's evolution hyfwtliww elements, 21 
Loiwite, 262 
Lueneburgite, 262 
Lyman'a spectrum, 169 


M 

Magnaaia, 260 
Magimia, 260, 280 


Magnesia alba, 249, 282, 3S8. 364 

aloosol, 299 

alut»,,252 * 

: calcinata, 230 

calcined, 380 

0 carbonates, liquor, 361* 

fluid, 361, • 

- muriath, 298 

• - nigra,. 249, 260 • 

|)ota«h procew, Engel's, 369 

(see magnesium oxide) 

^ usta, 280, 282 

' Magntisie, 280 • 
j - liydratAc, 290 

Magnesii carbonas, 3<f4 

ponderosus, 366 

Magnesioferrito, 251 
Magnesite, 261, 349 
burnt, 280 
caustic, 350 
crude, 350 

- dead- burnt, 360 

I raw, 360 » 

! spar, 349 •* 

! Magnesium amalgams, 1036 
' ammonium bromide, 314 

- carbonate, 370 
chloride, 306 
dimotaphosphate, 396 
hydrocarbonate, 371 
iodide, 317 
pliosphate, 384 

- ' monohydrated, 386 
sulphate, 342 • 

antimonide, 270 
argent ulo, 669 
atomic numl)or, 278 
auride, (i69 
bismuthUle, 270 
brass, 263 
bromide, 312 

- ammino, 314 

, diamraino, 314 

- hexahydrated, 313 
hoxanflnino, 314 

cadmi<le, 688 
-cadmium alloys, 688 

- hexttchloride, 669 
sulphate, 64 1 

ca«ium bromide, 316 
carlionate, 370 
chloride, 308 
8ul|)hate, 340 
-calcium alloys, 686 
" carbonate, 37 1 

- chloride, .309 
■ - carbonate, 349 

action heat, 362 

- - ooUoidal, 361 

- dihydrated. 354 

- heavy, 366 

flyflrated, 364 

light, 364 

monohydrated, 364 

- pentadeoat^oritcdiydrated, 366 
pental.ydrated, 366 

- » — preparation, 360 

- properties, physical, 351 
solubility, 358 

— tetrahydrated, 366 
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Mtgnew^ mrboMt« Uthydmtod, 
oanHmAtowJpiuit^. 340 

^ 

aminino, 303 
- dlMnniino, 305 ‘ , 
dihvdmtod, 303 

— <iod®c«hydm(«Hl, 302 . 

— hexacthylfUco)uil«t<*t 305 

— i^exAhydrHtoti, 303 

— hwxaiHethylaJboholaiH. 305 

— hexAinmuio, 305 
■ monohydmU^i. 303 
" octoh^'drat«Hi. 302 

ponOuiimuiu, 305 
|»ro[K*r«i«i'rhtMuKttl, 3tM> 


~ - - pliywcal, 3(N». 3(»3 

i*olubihty, 302 

“ - tt'tmljydraUsi, 303 
tiOrujuiniiio, 305 


— ciilloulal, 2r>p 

— -o<)|)jx'r alKijH, 0«H 


rurlMtiuito, 370 
~ nipric < b1on<K 30jf 
- - , < upndc, 000 % 

cliHitainortundo, 1030 
dihydnitixj, 391^ 
tuhydropfumphfttt\ 392 
dihydratiHl, 392 
dihydropyr()pli<>apluit4*, 39-1 
tliliydrv>xycarfMamt«.’, 355 
diiiian unc h^xauxluJa, \|40 
lu'ptahjdrat^*, 940 
'diiiK'ri'urub*, 1 035 
diinc'tapli<wpluH<-, 395 
liydrat^Ml, 395 
di(i)i^tii(ruU<, 3h0 
li><lrat«Hj. 3H»» 
tflitritainan'iiriiKs Io30 
iluondij, 290 


•Hold all(»yM, (iOO 
hoimtiMV'und*', 1030 
lioxali;^ dro(4‘traaulphaU‘, 325 
JioxauH'rt'und*', 1035 
lu>XHiia*tupli<wph«U>. 390 • 

liLMtorv, 249 • 

h>drula, 200 
liydrxH’arlionHto, 300 
hydriHiiatilphuO), 325 • 

-- If^'druplioaphate, t'jm«;ah\«lrau*<l, 390 
lu'piAliydraUMi, 3lM» 

- -t - inouohydmtcHj, 35K)* 

_ _ tnliydrated, 35M» 
hydroaulphide, 320 
- - hydrot«trHMiilphaU», 325 
“* — hydruxidu, 21KJ 

colloidal, 290 

proftortiea, phyairal, 291 

liydroxvcarl>onat«, 300 

dihydratod, 300 

hydroxyl^mino chloride, 305 

hydroxysulphate, 332 

iodide, 314 

diammino, 317 

— # . — hexainmino, 317 

iodochloride, §17 

— - iaotopea, 278 • 

light, 269 • 

lithiuin alloya, 000 

carbonate, 307 

mercorio Iwxalvoimde, 8‘/4 


Maguaaium caarouiio tetmtMXHnkb, 

1 * tairaioditla, 940 

— wmmhydralU), 940 

{ - tuerettrkK 1030 

! - luetapboapluita, 396 

j nitxate. SH* 

] — dihj'dratad, 370 

I r ' MiiWiydmted, 370 
i ' heuJiy<lrat<Ml, 370 

! - ^ tuonoliydraUMl. 879 

^ aoluhility, 379 
tribydn^i^, 379 
04HMirran<x», 251 
ot'Ux'bltmanercunalo, HOI 
utibttpluMphate, 3H2 

iixitle, 2H0 

indloitltd, 2S5 

- - bydratKO). rat4» of, 288 

« proiJertieM, cbeinical, 280 
- hydraulic, 288 
- - pliymicnl, 283 
' • aolubility, 28t> 

oxybromidtM, 314 
i»xy0arlM>i»at«', 304 
ox> cblontlw, 305 
ox^aulpbidc, 318 
paxKivily, 202, 272 

- |M«roxide, 292 
plalinixed, 273 
|H>lyaulpbido. 320 
|x>taaMiuiM alJoya, 000 

bromide, 314 

calcium HulphateH, 344, 34/ 
curia mate, 3tW, 3ti9 
clilondi^ 307 
cbloroMulpliale, 343 
dimctapboapluiUs 395 
fluoride, 297 
bydixxxirlxmaU*, 307 
hydrophoMphate, 384 
bydr<MuJpbate, 342 
utdidc, 317 
jilKMphafe, 3H3, 384 
Mxiium HuIpbaU), 342 
aulpbaUw, 338, 339, 340 

- - eiiic Huipbate, 041 

- jtrepiiration, 253 

- projMTtim, cluMriical, 4105 

phyaioal, 257 
•pyropboaphaU*, 393 
- IrdiydraUxl, 393 
pyroriulpbophawpbaU', 393 a 

- nHiotiouH of analytical inU^reat* 

276 

rubidium (’arlxmate, 370 
• — chloride, 30H ^ 

- , pboapbaU*. 383 * 

aulpliatmv 340 <• 

- Mtlver alloyN,>009 .• 

-Hodium alloys, 000 • 

- ammonium pyronhoapliatb, 304 

carlx>nate, 361^ 308 \ 

chlorocartiQuaie, 308 

dumiUphnuphate, 396 
duoride, 297 

- - hydro<arl>onat& 367 

— oetonieti 4 >hoi»pSate, 397 

phoaphate, 383, 384 

• fyrophoaphate, 394 

aulphiftMi 335, 336, 337 



m 

Ma^fnatinm^odimp tdphoapluita, 394 

itfontimn owbooate, 376 

-RtboKida^SgO 

tulphato, 321 

a’heptehydratod, 323 

jS^baptahydratoa, 323 

— — a'bezahydrated, 323 

— — ^'hexahvdrated, 323 

diaquodiaminme, 343 

— dihydra4«d» 823 • 

dodMahydnited, 324 ^ 

bydffttM, 321 . 

— monohydrated, 322 

octohydrated, 323 

pentahydrated, 323 

pentatotritahydrated, 322 

— i properiiea, chemical, 331 

phyaical, 326 

tetra-aquodiammino, 343 

tetrahydrated, 323 

tn^aquo-iriainminc, 343 

trihydrated, 329 

— w- aulphatocarbouate, 360 

aulphide, 318 

tetrachloroiuerouriato, 861 

tetramerourido, 1036 

tetrametaphoephate, 896 

deoahydrated, 396 

tetrammonium diphoapheUs 386 

tetraphoaphate, 394 

trihemimerouride, 1036 

— ' triinetaphoephate, hydratetl, 306 
trioxyniirate, 380 

triaiuphide, 317 

tritamonnirUlo, 103^1 

weight, 277 

-aino alloy a, 687 

— Bulphatea, 640 

— tetrachloride, 660 

Magiieaiua lapia, 240 

Magnetic field, action on polarized lie^lit, 
10 

apoi'.trum, 17 

Magnets, Mayor’s floating, 164 
Magnium, 261 
Magnolite, 607 
Maguoaif, 260 
Malachite zino, 648 
Malleus metallonun, 797 
Mamanite, 344 
Mangadeeutu, 260 
Mangtmoe, 260 
Manganese, 260 

brass, 670 

bronze, 67Q, 67 1 

Manganensis, 260 
Manganospinel, 261 
Man^io-wamorite, 388 
Manna metailorurn. 797 
Marbles, doloinitic, 371 
Marohasite aorea, 401 
Marionite, 646 
Marmatite, 408 
Martinite, 262 
Mass, eleotroioa^tio, 160 

of matter, 160 

Matter, annihilation, 169 

oorpusuular hypothesis, 163 

oreation of, 169 

eleotronk hypothvseb, 183 
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Matter, electronic, Thomson's, 184 

fourth state, 28* 

radimt, 28 

— unitary the<jry, 1 

Mayer’s floating magnets, 104 
Meianteritee, 262, 639 • 

Melinopbaue, 2^0 
Mpliimra, 404 
*Bi^liphaue, 206 
Melipluuiitei 206 
Mercure doux natif, 798 
Mercurial fahloree, 697 
Mercuriammonium roeronrio du^minb* 

nitrate, 1001 . * • 

dihydAited, 1001 

hydrated, 1001 

— hydroxyamidonitrate, 1000 

phosphate, 1006 

— • oxydnnercuriammonium nitrate, 1000 
uxyinereuriammoqiuiu phosphate, 

1605 

deoahy(^ated, 1005 

oxynitruta, 1Q02 * 

(di) {gte tliineil>urianitnuniurn) 

(mono) nitrate, lOOO 
( totra) broi^i^ide, 889 
... chloride, 869 

Mercuric a<‘jd, 779 
amide, 784 
liiiudonitrate, 1001 

— ' hemihydrated, lOOl 

! uminidochloride, 786 

- ainrnines, 786 
ainmmuchlurideH, 845 
amminoiodidc, 786 

' amminuiododisuipliide, 963 

ammonium bromotetraohloride, 882 

- dibromochlorido, 882 
- — dibrornodiiodide, 918 
. _ _ _ . dibromotrichlorido, 882 

— nitrates, 999 

nitratotetrachloride, 997 

oxynitrate, 1002 

— pentabromide, 891 

pentaio Zido, 927 
sulphatoohloride, 978 

— - tetraiodide, 927 

. _ * — hydrated, 927 

tribromotetraiodide, 9 1 7 

triiodide, 926 

. '! — hydrated, 926 

barium hexsbromide, 894 

hexaiodide, 939 

. octammmotetraiodide, 940 

octochloride, 860 

hexahydrated, 860 

sulphide, 967 

— — pentahydrated, 967 

— tetrabromide, 894 

tetraiodide, WO 

— pentahydraie, 940 

beryllium chloride, 860 

— — bromide amm<mia compounds, 886 

— basic, 884 

properties, clemical, 879 

pl;y^oal, 877 

bromodisulphtcie, 063 

bromoiodick, 917 

bromopitride, 789 

— hromoeulphide, 961 
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Kwimium eUoridat. Ml Maomiio (<li) Mwimii nmiMcililiWi, Ml 

ivexabrooude, SftA MnbiwdMik Mi 

1 — bo«iimkmdt«tAuocUdo,«l3, (Ml ikoabydroxyliintei tniwn 

j oxybromide, 894 ohtocidiriil 

J — oxynitrato, 998 . < - ^ hjdroebloiMa, 871 

— ' tatrabromide, 894 • - maanwtttm haaatedkto, 940 

tetraiodida. 940 ^ , * - i»haptaby<tomn 840 

tatraimnmotetrakxUek*, 923, 94J ^ - oxybromkla, 884 

bromoduodide. 936 , 4 ~ oxycblorida, 840 

(ddorodocabn^nide, 893 - — *iTlatniiim adlphkb, 988 

chlorodibromida, 893 j --- rubidium baptaohloridat 867 

dibroniodiiodida, 934 j dibydratad, 867 

-4 dichlorodibrouude, 893 paataohionda. 867 

cUi'liloroduodidt*. 935 | duuumiuobronuda. 888 • 


_ iiiiraU*. 99? 

(x'toiudidc. 934 

• penUbromida, 893 

IMMtUchlunilu, 859 

{M^ntuiodido, 934 

U‘trul)ryiindi<*, 893 

t<*lrat blond«, 859 

l4*lrttuxin^, 934 

tnlmjuud*, 8i^l 

, - tribruiiKKliiudyo. 934 

— - - . tn*’hl(ind<\ 859 

- - Inchionxhbroiniilo, 893 

' triicMlidf', 934 

(‘ttlcium t arU>naU‘, 983 

— (Uxliv'iu'liloridt*. 8<H> 

*--- ' <M tohydmtM, »W.> 

- lioxuhnifliute, 894 • 

- -- lioxuchlonde, 8(W 

J„ iH'xah)<irnt<Hl, 800 

— hcxaitxlidu, 938 

— oxynitruto, 997 
894 

— — tatrauxiicU*. 949 

^ - octohydraUni, 939 

— ('«rl)oriat«S 982 
oolloidul, 982 

• - chlurainido, 785, 802, 809 
I'iiluncU^ 810 

- ~ - volloidal, 810, 819 

— __ hydraxuio cornfHumd, 872 
hydroxy lamina ooinfK>undx, 872 

- prepamliou, 810 

pr(){x*rtioa, ( haiiucal, 825 

. phynical, 818 • • 

<‘lflonKluiulphid«, 901 

— — chloroiixlidi*, 800, 917 

(’hk)roiodot»ulj>lndo, 963 * 

( Idoroiiitnde, 809, 87u 

C'hluroaulphido, 961 

cupric chlorido, 800 

— •- - — oxybromide, 893 

— oxycbJoride, 800 

— oxynitrata, 996, 998 

tetratumiuuhaxaiodida, 930 

tetiaaunmotetrabromkU), 887 

tetravuninotetraiodide, 930 

cuproua diamminotriiodide, 930 

heraiheptamrainoteiraiodido. 936 

' hexaiodide, 936 

• — hexaraminohexaiodide, 930 

octampiiifttetraiodide, 935 

tatratCKiide, .... 

tetraroaunoiMutaiodide, 036 • 

triamminopenlatodtde, 936 

triiodide, 936 , 

(di) ammonium pentachloride, 


diamminochloride, 766» 840 
dianuuuiodioxyaulpbate, 977 
(JUmtuiuiuwmoaabnjmoamida, 888 * 

duunininoiodida, 928 
diaauuinoaitrale, 999 
diainniiuuinouoxyauli^aia, 977 
duunminoaulphata, 977 
• luuiiohydraimi, 977 

- diaiummoxynitraie, 1001 • 

■ diaiiiinouium diiuiraiodk4dofido, 997 

- dibromoanude, 888 
dibrnruciiMlida, 916 
du'hluratoaulphidfi, 964 

• diflilunoamidis 870 
dichlurodiaulphidiD, 903 

- dit’hlorctindida, 915 
dilluoroarnidn, 796 
dihydracine hydiWilurtde, 874 

tatraoldoride, 802 

dihydrobrornoaulphato, 975 
ddiydroohlorqiiulpliato, 975 
dilwdroxylamino, chluridiH, 873 

auIpbaUt, 978 

dihydroxyhyiHXihloroaiuide, 8J 1 
(lihydroxylatniuochlorido, 847 
Miiudodiaulphide, 963 

* diiudotrioxyhftXMulplmta, 970 

dimarcurtammonium hydroxyamido- 
nitrate, 1002 
tetroxynitrate, 1001 
dinitratodiaulphide, 964 

- dioxide, 781 

diuxyhexuliydrobromoauJptia^, 976 
ihoxyhexaliydrocliiorotuiphaU, 976 
dioxynitrate, 994 
• — monohydrated, 994 
dioxysulphate, 972 

• - ' hetriihydibttKl, 978 • 

duiulphaloaulphide, 974 
duuJphochlonde, 961 
dodecaniminochloride, 847 
dotrita-amminoxide, 777 

• elhylamidQcliioride^787 

- - ethyldiamnunophlorida, 786 

Uuubrtimide, 796* •* 
fluochlortde, 796. 

- duoiodide, 916 * 

- fluoride, 794 « • 

diliydraied, 794 

~ fluoroamide, 796 

- — hexachlorodioxy hexMulphld*, 963 

hexaiodide, 9U « 

~ - hexaiodok>datobexoii)rdoifeMuralphaK 

976 

- hexdbAUphodphato, 1004 

- hydraxkmcdAMM^ 874 
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Mcmirio hydrazine bromide, 881 

chloride, 874 

'hydrochloride, 874 

iodide, 916 

sulphite, 978 

trichloride, 86/ 

triiodide, 927 

hydrated, 927 

— bydrazmoohloride, 847 

hydrochloride, 807 • 

hydrochlorosulphate, 975 ^ 

hydrosulphite, 829. 

hydroxioe, 780 

hfdroxyamidooarbonate, 982 

hydroxyamidoiodide, 789 

hydroxyamidonitrate, 1000 

— hydroxyamido-oxysulphate, 980 
—— hydroxyamidophosphate, 1006 

hydroxybromoamide, 888 • 

hydrated, 888 

hydroxychloroamide, 807, 809 

— >— hydroxydlohloroamide, 871 
— r hydroxyiodoamine, 924 

hydroxylamine hydrochloridb, 873 

iodide, 926 

trichloride, 862 

hydroxysulphatoarnido, 979 

imide, 784 

iinidohydroxychloroaniide, 807 

iodide, 901 

ananines, 921 

amminobosio eatte, 921 

aquo-aniiiiino basic salts, 

921 

preparation, 901 

— properties, chemical, 911 

physical, 903 

♦- rod, 904 

. _ yoUow, 904 

iodoamido, 923 • 

iododioxytetrasulphale, 976 • 

iododisulphidc, 903 

— iodonitricle, 789 

iodosulphato, 975 

iudosulphido, 90 1 , '903 

iodotetrasulphaUn 976 

iodptrisnlphato, 976 

iodoxydisulpluvtc, 970 

loud bromide, 894 

lithium broinodichloride, 892 

tetrabromide, 89 1 

Jtetrachloridd, 862 

— tetroiodide, 927 

— hoxahydrated, 927 

octohydratod, 927 

tribipraide, 891 

trichloride, 862 

magnesium hexahroraide, 894 

ennoatfydratc', 940 

— ootoohloride, 861 

— tetrabromide, 894 

rl*— tetrachloride, 861 

tetraiodide, 940 

mercuriammonium diamminonitrate, 

1001 

d*hydr»ted, 1001 

hydrated, 1001 

— : phosphate, 1006 

monamminoohloride, 845 t ^ 

monamminoiodid9, 922 


I Meroorio monomerourUunmonuim hydro:ty»^ 
amidonitrate, 1000 

moioxydisulphate, 97^ 

^ monoxysulpbate, 973 

monoxytrisulphate, 973 

g nitrate, 991 

*• bauQ, 994 » 

— complex salts, 995 

• • hemiliydrated, 992 

monohydrated, 992 

j octohydrated, 992 

i — properties, chemical, 993 

j tphysical, 992 

— nitratobromide, 997 . 

j — - nitratochloride, 697 

— nitratodisulphide, 990 

I nitratoiodide, 916, 997 

j — nitride, 784 

I - oxide, 771 

j colloidal, 772 , 

- preparation, 771 

properties, tj^ieinical, 776 

ph^sieah 77i 

red, 773* 

— __ . yellow, 773 

- oxyamidoiViosphate, 1005 

-- — oxy bromides, 884 

oxybromoamide, 888 

dihydrated, 888 

— oxyiihlorides, 839 

I uxychlosoainidc, 807 

I oxythsuiphotrisulphatc, 974 

j -- . — totrahydratod, 974 

’ - oxyfluoride, 795 

oxybydroxyamidonitrate, 1001 
} -- oxyhydroxychloroamide, 808 

I — oxyiodotrisulphate, 976 

I oxyiodotrisulphate, 976 

j - - oxymorcuriammonium phosphate, 

I 1006 

I - oxymtrato, 994 

! oxysulphatosulphidcs, 973 

, - - yxysulphosulphute, 974 

— oxyfrimercuriaiumonium nitrate, 1001 

- — perbromide, 0J81 

isirchloratobroinido, 882 

tKirchloratochloridc, 827 

* * jxirchloratoiodjde, 918 

- “ — |)oriodidc, 914 

: jH^roxidc, 781 

' |)eroxydato, 781 

— phony latnido, 784 
' - -‘phosphate, 1003 

phosphoiodido, 916 

I polyiodide, 914 

i potossuun carbonate, 983 

— dibromodiohloride, 892 

: jientachloride, 860 

I — — dihydrated, 860 

j tetrabromide, 892 

I — tetrachloride, 866 

! monohydrated, 860 

1 tetraiodide, 931 

‘ tribromide, 892 

1 hydratbd, 892 

! — trichluildf, 850 

' — «- monohydrated, 860 

I triiodide, 929 

j J — hydrated, 930 

— » pyrophosphate, 1004 
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X«miric rabtdiiun dibromodiiodiile. 

tetraliydrated* W7 

1 — totlluodide* • 

1.__ trichlorid*. 857, 

*— tniodide, 833 

AMquianimiiiiX'hloride, 845 ^ 

iilver dirh1urodii(xlid<^^938 • 

nitrate, 995 * , 

— %xyiut rale, U95. 998 * •* 

•— j.- oxy«ulpbate, 995, 978 

— Bulphate, 995 

--- liulpimtochloride, 995 

- U'traipdulo, 932,*937 

Hodiun) diohlorobrt)initl«\ 892 
pontAchlorlilo, H.54 

- — tetrabro/ni<lo. 892 

. — - tctrai’hloruiw, 853 

— totrahydniUMl, 92S 

_ . _ U'lruiQiiide, 927 

^ tnbrtnijido, 892 

tnchlondf, 853 

.. . - dih.vd'^<*'*^* 

-- - iriprio8|4ml<‘,,l<H»4 

- • ^Btrontumi ln>xjibnrt»iid«'. 894 

lu*\ti(’bl(iri<i<*, 8tM) 

- - ’ lu'Xiiioditlf*, 939, 

^ _ • — i«‘trHbrumi(b*. 894 

• U'truiodulc, 939 

(M'tobydr(it<'<i. 93!* 

!*99 

- -- ^bjiMK', 932 ♦ 

_ ’in6no!iydrttted, 979 

• ■■ aulplmti'H Kiilpliobtwir, 973 
- flulpbatodisulphido. 974 
HuJpliatOKxbdo, 971 

- - Hul|jbaloHulplndcH, 973 

Hulpliatotn?ml[>biit<*, 974 

- iulpbidc. 944 

- (olluidal, 948 

- iR)taM'<ivitn, !*59 

lii ptabyiirab'd, 959 
Iti<)ii"b)dral4‘<l, 95<i 
jM*ntaby<lrat4*d. 959 , 
prnixTl a>H. ( baiiiaat, 9il 

pi I S HU a! 44*49 

(wkIiiuii, 95*1 

Hul|ib<Kblnfi<lf, 954 ^ 

(iM'nta) Imrmm <l(MbH iiKHh«l<*, 939 
• hexudi*cttbydrat4‘. 949 

bcxadctauxlido, 9l«i 
^ ^ ()ct<*hy<lrat<'d, 93'.* 

r;.'HMim iKMUidiM iM'hlorldo. 85!* 

_ calc ium dwlecaKxbde, 939 • 

_ oc(ohydrat<Hl, 939 

tctraib’cauxlide, 93# 

-- . - hniiicoHichlorida, 852 

rubidium hoimd<H’<u;blond<', 85 < 

atmntium dodiH.ttiodide, 939 
octubydmtcHl, 939 
U'traiixyt'biorido, 843 
telnixybrornido, 885 

ftutra) rubidium limiadot'Hililundc 

• ' 

- mooobydrated, 857 

. trixoybrfihidiJ, 884 

- « tnoxy< hlori^e#842 

— - tetrabromoamidc, 888 ^ * • 

„ t«trabronio<li<'hlorid»*, 882 • 

tctrachloroamide, 879 ^ , 

tetracblorodiiodide, 917 
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Mw<*unp toli«hydi«x7knte dtttydwwSMb* 
rids, 8T3 

- liydrobromkk, fKl 

- hydrocldoride. W4 
U♦trameU^%Ml|dl*Uv%!8>4 
totnumninoclilorids* 847 

* tetrainmimuodlds, 921 

(<n) aminonium oot«cldi»ridB, 8M 
• sulphaUs 9T8 
* luirium il»«it*did«, 940 
^ hexaika'ahytlmt^. 940 
cadiitiuiu cK’loiodids, 94 1 
diamininta*hU>rid»*, 845 ^ 
dioxylmtmidv. 8H4 
ilioxychlurida, H4l 
oxycidunds. 839 
IxsUsaaiuui wilphaUs, 976 
tnainmiiHM'hlorida, 847 
tn(4don>ainida, 87 1 
IriniotaphiMijshnte, HH>4 
IrioxycarUmate, 982 
tnoxynMiids, 914 


lni*ulphaU»aiilpldda, 974 
/.ua<‘aiiuiui>(M'{iI 


'aiiuiuixM' iiluride, 881 
chloride, 881 
boxabromide, 894 
oxyliromidfl. 894 
oxymtnite, 998 
Hulphidu, 957 
tolrabromido, 894 
UUraUMlida, 940 

ti'trainininO-tetraioiUdo, 9*8, 941 
Mcrcuriammoiiiurn chloriile, 8(12 

diinarcuriammomum aulpliate, 980 

hydroxyamidw-sulpbale, 979 
morauribydroxysulphatoamidn, 977 , 

hydrated, 977 

oxyilimercunaiiimunliuii •ulphato, 970 
oxysulphalo, 978 
• dibydraUnl, 978 

Mc-fciiridiammoiiiuin cblorido, 780 , 

Mcicunhycln^xyainmonlum (di) tihlorido, 7*7 
b>druxidt*, 792 

McrcufiuM calcinatua jar ae, 771 
cincnMwi HlarUii, 988 

Edinbur|t*’>»»i*mi, 988 
dulcia. 797 ^ * 

priiM'ipilatiiH nlbua, 7W, 845 
)M«r so, 771 
• nilior, 771 
acjliibilia Halinamanni, 988 
miblunatus, 799 • 

Mon urosio itxiido, 903 
oxynitrato, 990 
oxypboaphate, 1004 
oxysulphato, 975 , 

, pyrapboapliato, 1003 
sulfiliaUs, 975 • 

Mercurous amminowliltfridb, 809 
amminofluorido, 393 , 

ammirionitratsit 988 * 

ammonia oomupundi, 784 
ammonium diamminoxysulpl 
- nitrate, 988 
liariura oxyiiitraU*, 997 
bromide, 874 g % 

carlionate, 981 • 

chloride, 796 
- - »c#Uoidiil, 801 
' prepM€ti(ln, 798 

3 Y 2 
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Mamirouc cfiloricle prop^rtiM, oheniioal, 804 

phymcai, 801 

(di) Biuinonjum chloride, 809 

dihydroxytrinitrate, 990 

dioxyniwat«, 989 

hydrat^, 980 * 

fluorid^), 793 • 

gold sulphide, 957 

hexarpetaphoBphato, 1003 

hydrazine chloride, 809 

— nitrate, 784 

hydrofluorido, 794 . 

hydropentanitrate, 987 

hyUrosulphate. 960. 967 

hydroxydinitrate, 989 

- — hydroxytriniirate, 990 

- - - hydroxynitratti, 989 
iodide, 896 

.. - colloidal, 897 . 

~ - preparation, 895 

pro|)ertie8, clietini'al, 899 

- ~ j)hy8ual, 897 

- *- nitrate, 984, 985 

basic, 988 

^ pix>|K)rtio8, chctnical, 986 

- - {)hy«ical, 985 

uitratophoHphato, 1002 

oxide, 7tl8 

“ - oxybroinide, 876 

- — oxychloride, 805 

oxydinil rate, 989 

hydrated, 989 

- oxynitratophowphate, 1002 

oxytrinu'taphoH|)hal<s 1002 

phosphate, 1002 , 

}>yrophow{>hate, 1002 

■ ■ salt, Soubciran’H, 988 

- - - Hilver phoHpluvte, 1002 

Htrontiuin oxy nitrate, 997 

aubohloride, 804, 808 

•* ' HubliinatuH corrosivus, 797 

sulphate, 964 

basic, 96tl 

dihydraled, 960 

— proiHjrties, chemical, 967 
physical, 905 

- - sulphide, 944 

Mercury, 096 • 

- — ammonium tetrachloride, 849 

- trichloride, 861 • 

^ . monohydrateil, 861 

analytical react loiw, 701 

- at. number, 707 

Boln. vol., 700 

wt.. 700, 707 

black oxide, 768 

carbonates^ 980 

colloidal, 707 

electrotlepoeitioJi, *706 

extraction, 700 . 

— electrolytic processes, 702 

;■ — wet pr^esseg, 702 

fulminate, 993 

Hahnemann's soluble, 988 

■ history, 096 

honi, 798 . 

hydride, 76t 

hydroxylamine bromide, 881 

• isotopes, 707 ( i 

mercaptide nitrites %3. 


Mercury metallic precipitation, .703 

mol. wt., 706 • 

nit nf gen com|K)uhd8, 78# I 

- - - constitution, 785 * 

, Hofmann and Mar- 

burg’s theory, f^5 

- , - Kane’s theory, 785 

• * Ramraelsberg’s theory, 

785 

occurrence, 095, 090 
origin, 698 
|*hoHphate8, 1002 
preparation, 700 
profiertics, chemical, 752 , 

[iliysical, 7n 
{ainficution, 706 
ic<l oxide, 77 1 

- reduction compoimds to, 702 
snlphammonium, 954 . 

KU Iphides, 944 
valency, 766 
Mcsitmc. .349 

Mcsiiiic, :119 ^ * 

.Messing, 399 

Mctie mnabantc, 6‘.>7, 941 
Metal anlifncliom 67 1 
fouiidt\, t)7l 
Mictiiile, 37 i 
Millon's ba.s<\ 787, 792 

- ■ miiisdiidc, first, 788 
D second, 788 
chloride, 867 
nitrate, lUOO 
salts of, 788 
sulphate, 979 

Mmc dc UK'rcuro cornce, 798 

volatile, 7*. 

.Mmeial (urbite, 961 
turjmth, !)61, 972 
Mmcraiis mohr, 943 
Mmtum. 912 

Mitscherhch’s salt, 788, 1090 
MiM'd elomeut.s, 158 
Mock-Sdvujr, 400 
Molecular compoutj^ls, 195 
Molecule, olectrio cliarges witlun, 188 
Molecules, iield of force, 187 
• Miou-polanzed, 187 
polar, 187 
polarizetl, 187 
with mtiltiplo charges, 50 
Monhemute, 408, 643 
Montioydite, 697, 771 
Mora luetalloruin, 797 
Mosaic jiMid, 671 , 

Mose.siU*, 697, 842 

Multiple growth hypothesis of elements, 173 
Multivalent elements, 174 
Muntz metal, 671 

Muriate tie mercuro dca chiiyistoa, 798 
Muromomte. 206 


N 

t 

Narcotious krioln, 543 
Nehulw spectra, 19 * 
NeWiun), 21, 171 
Negative corpuscles, 28 
^ow, ‘JM 
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valence, 191 
(ilgmalito, 290 
^^etnaiolite, 390 
Keoir, 60 

Masquehonite, 251, 355 
Mea^r’a solution, 933 
Newberyite, 252, 390 
Nickel- brass, 670 
NUiilum all|>um, 506 
Nitoti, 95, 96, 127 

■ properties, chemu al, 101 

pliywical, 99 

- rapid decay, 105 , 

Nkrogon, d^ruption of atom of. 152 
— — mercury comjK)ftiids, 7H5 
Nitromagnesile, 252, 379 
Nitrous turpetli, 9H9 
Nix alba, 6tKi 
Nuconte, 252 

Non-polarited inolcciiles, 1S7 
Normal valencies, 17H, 179 
Nortbijpite, 368 
Novak's shaft Airna^e, 70l 
Nullj valency, 176 •, 

Numbers, atomic, 38 


Oiiofrtte, 697 

Opacity X-ra>s, itii', 33 , 

Ortade, 67l * 

^Oijichalcuin, 398, 399, KMi 
'otavite, 409, 647 

O\ydiinercunamm<»mumumidomlrate. mhki 

• - chloj-ide, stiT 
lluondo, T9*» 
palido, 5*2 1 

Uioicunammoniiim nitrate, loot) 


HulpliaU', 979 

— - oxytnmcrcuiiamniumum sulphate, 980 

solphao-. 977, 979 

Oxvdiiiicrcuric aimdochluride, (8< 

Oxymenunaiiunomuiu diamnnponnr.Ue, 

diummonium nitrato dih>drat<-d, lOOl 

— merciiriammomiim phosphate, KKta 

deeah>drated, 1005^ • « 

— n*ercun<- plios|)haU>, 1005 
Ox> mercurosic hydroxyuitrnte, 99 > 
Oxjlrnficrcuriammomum mtra4«\ 

mercuric nitram, UHtl 

oxjdmiercuriarumoiiiuiii Hiil|»hat»^ J 

Oxytiimcrcuridiummurnmn sulphate. 9n 


P 

Pagenstecher’s salt, lOOl 

Palma Coupt Palnuv) 
Panacea c<rbe«tis,^ > 9 / 

mercurialis, 797 _ 

• Panchynmchogumimneralc, 

— ♦ (^wrcetani, 79* 
Pontogen,3 • 

Paragcnesis of sal ta, ale ^ 
I’araurichalcites, 648 
PaschensHi>ectnini, 169 

Pearl sfiar. 37 i 
Pencatite, 371 


Penetrating iMwttr X-rayw. 33 ' • 

iViiuite, 375 

iVrfw'tum praxapiUtuui. 862 
I’erit'Jase, 251, 2H0 
PeruHlu’ law, 172 
Pert>xiU', 531 * 

4Vro\>date, 531 • 

Per/iikiac lU'ids, 531 
Phcuaeite. 205 
Philcksoplan s stone, 148 
Phons'liH-tric efttvt, 41 
* normal, 43 
sf'hs'tive, 43 

Photoits)pic isvictiiMis. tM>3 
Pickcrmglte. 252 
Pn kermg s sjHS'lrimi, I’tt 
Pi( <itite. 251 

Picu>tm*rit<‘, 252, 338, 33tt 
Pn rophtvriKUstliO*. 252 
Pilula h\ihargyri subchloridi comjw'jaita, 
sl3 

PmchlHs-k. tU"l 

Puinojte, 252 • 


I'lslomcshe. 349 
PlanKs Orite, 252 
Platmi/isl mapiesmm, 273 
n.iadcK. 130 
I'lciadi*' cl«Mnents, l.ltt 
I'li-onaHte, 251 
I’leuio. las.-, 3H8 
Ploiidami < oniiinine, 129 
I'luimoer s pill, 813 
I’, liar mol<'< \iles. IHT 

pnlanwil liglit. ‘*^»ion magnetic Held, 
19 ^ 

liiohsMlIcs, lS( 

|^•l.lnnifl^. 111, 127 
U-mi/f), 114 
h\djide, 117, U8 
|‘(.|\*iahU*, 252, 344 
(l)«>rms, 343 
|^.ln|.hol\ V. 506 
!'<isHl\e \alenrs‘. I9l 
PutaHh pistccsH, Knuel’a magnesia, 369 

Potassium niualgams, 1014 

ainmonmm tmo sulphate, 641 


ast rakiunte, 339 ^ 

liarium lelrachloridc.^'J 10 
Isay Hate, 22H 
J**«f>l)nim carlsitiaU*, 244 
tluornle, 230 
hydiosulyluite, 241 ^ 

py niplmsphate, 247 
- sulphate, 240 
' - -M»mttgiwwialo» 314 


uale, 550 

lido, 667 * 

lium alloys, 667 
hex»( hlqi1«l«, 557 
phosphate, 60l 
pyroplmspluile, 663t 

sulphate, 638 

- flih^ratcS, 638 
lumiitrihydrated, 638 

- hexaliydratetl, 8l8 
sulphide, 604 
i(*traiodiw» 5H3S 

- t«trari»t<iphoaj>naU>, 864 

-auibromide, 572 



PotaMiuni'EiDO tribromide, 572* 

triiodide, 683 

zinAte, 628 * ^ 

— — zincide, 667, 

Potentials, ioniamg, 17 
Poii«sii>re, 41 1 * 

Precipit^ «blanc'g 797 
P(edazzite, 37 1 
•Ppina mate^, 1, 3 
Primal element, 1 
Primaries, 168 
Primary X-rays, 32 
PriiHte’s metal, 671 
Protoaetinium, 136 
Protofluorme, 171 * 

protohydrogen, 171 
Protyle, 1 

Prout’a hypothesis, 2 
Przihramite, 409, 687 
Pseudoargyrum, 400 
l^seudogalena, 686 
PseudoiBOtopy, 93 
Piilvis hypnoti(*us,|943 
Pure elements, 15!i* 

Pyroaurite, 261, 376 
Pyropliorie alloyi, zinc*, 495 


INadlMMitiin eadndum triiodidd, 683 
— deoainerottride, 1014 

dioadmlum tulphato, 638 

dicaloimn oi^dtnium sulphate, 640 

anc sulphate, WO 

— ditnercurio siilphide, 966 

dimerouride, 1016* 

diziuo sulphate, 637 

— ' — dodaqamercuride, 1014 
- — eimeamercuride, 1014 • 

heznienneantercuride, 1016 , 

bemimercuride, 1016 

hpnadeoamercuride, 1014 

hdptamercurida, 1016 

Itexamercuride, 1016 

-magnesium alloys, 666 

•— ™ bromide, 314 

calcium sulphates, 344, 346 

— carbonate, 368, 369 • 

chloride, 307 

ohlorosulphatc, 343 

... dimotaphosphate, 306 

.. fluoride, 297 

hydrocarhunate, 367 

■ hydrophoHphute, 384 

— - ■ hydroaulfdiate, 342 

iodide, 317 

phosphate, 383, 384 

sulphates, 338, 339, 340 

zinc sulphate, 641 

merouriate, 779 

mercuric carbonate, 982 

' dibromodichloride, 892 

■ sulphide, 966 

heptahydrated, 966 

monohydrated, 966^ 

pentahydrated, 95<1 

» tetrabrojnido, 892 

tetraiudide, 931 

tribromide, 892 
^ — hydrated, 892 

— .. .. _ triiodido, 929 

— hyclrated, 930 

monomercuride, 1016 

octodecamerouride, 1014, 1016 

pentaohloromerouriate, 866 

— j- dihydrated, 866 

■ — ~ ))entamorcuride, 1016 

sodium magnesium sulphate, 342 

morouride, 1016 • 

simony tes, 342 

tetrtfi;hloromertnu4ate, 866 

monohydrated, 866 

tetradecamorouride, 1014 

trioadmium sulphate, 038 

•— — trichloron^agnesiate, 307 

triohloromerouriate, 866 

monohydrated, 856 

trunercurio sulphate, 976 

trknerouride, 10J6 

zhic alloys, 666 

r* — oarbonfte, 6|8 

fluoride, 634 

— phosphate, 681 

pyrophosphate, 663 

sulphide, 63V 

hexahyarated, 637 

sulphide, 604 

tetrachloride, 666 C • 

tetrametaphas^mte, 664 


Q 

Queeksilbermohr, 943 
Quicksilver, 606 * 

horn, 697, 798 

H 

Hodiant matter, 28 • 

liudiation law, Stefnn-Boltzmann’s, 16 
-- theory chemical action, 44 • 

I Hadiations K, 37 

1 ---L,37 

{ Hadioacdinium, 138 
I Hadioactive bismuth, 1 14 
I - (jonstants, roduim-uronium series, 126 
I • -- siibslhnces, occurrence, 64 
UsdioHctivity, 63^69, 179 
I - artificial, 151 

I excited, 97 
• •induced, 97 
- - Lc^rch’s rule, 114 
Kadio-lead, 114 
Kadio-tellurfum, 114 
Kadiu-uranium, 123 
Radiflin, 59. 60 
-A. 106 

; uzillo, 94 

I -B, 107 

I bromide, 93 

I - - -C, 107 

I C„ 107, 111 

- - carbonate, 93 
chloride, 93 

I -- -D, 112 

j decay of, 97 

- - descendants, 120 

i E, 114 • 

I - ' emanation (si«fniton), 96 

— r- estimation in minerals, 

extsaction of, 60 

F, 11^ 127 

— from, 97 
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Strutt’s clocks 84 , * 

sulphate, 93 ' • 
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compounds, 785 

Ramsay’s theory rotating fleet runs, 186 
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Reactions, arrested, 982 
— — chemical, 61 

, phototropie, 963 

radiation theory, 41 

Recoil atoms, 8:^ 10*9 
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ReflQOtion, X-rays, 34 
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Resin blende, 108 • * 
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Reversed spectrum, »» 

Rhodizite, 206 
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Rflntgen rays, 31 
Roesslerito, 262 
Rohrbach’s solution, 940 
Rosasite, 646, 848* 
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^^osterito, 204 
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rnoiiohydruted, 867 
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tetraiodide, 933 

triiodide, 933 

— morcuride, 1015 
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tetrachloromercuriate, 867 

tetrahydratod, 867 

tetramercuride, 1016 

trichloronjprcuriate, 857 
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hexahydrated, 638 

tetrachloride, 667 

RtJsell's displacement rule, 1 14 
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Sal alerobroth, 849 
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— ('atharticum, 240. 321 
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Salts, paragenesiSi of, 346 
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Si'attermg X-ra.va, 34 
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SrhOuitc, 262 . 338 . .340 . 
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SchttHltile, 61>7 
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SoA ondarv X-rays, 31 
! S.MdUtz»iilt. 249 . 321 
I SiMilschutz salt, 321 
; SAdlaitc. 262 , 296 
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Scr|H*ntmo, 261 

SATpicrit^, 640 
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•calcium alloys, 685 
I'hluixiinerourite, 812 
copfier lunalgam, 1027 
dichloromcrcunle, 812 
dnntamcnnirido, 1026 
fulmmalc, 993 
Ccrttian, 67 1 « 
glance, 406 

! -j^dd amalgam, 102 U 

i -magnesium alloys, 669 * 

! - mcicuric ihchlormhiodide, 938 
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, ox.V 7 ii 1 rate, 996 , 998 

AixysuIphaUi, 976 , 996 
sulphaU', 996 
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! Sipylite. 2 <HI 
i Sniaragdiw, 204 
.Smithsuriite, 642 
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' — beryllate, 228 
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i — fluoride, 230 
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tnromide, (72 

merouride, 1(39 

- — — — . photphaie, 661 

pyrophosphAte, 662 

sulphate, 637 

dihydrated, 637 

— — sulphide, 604 . 

tetrachloride, 6(4 

•- tetraiodide, 683 

tetrametaphosphate, 604 

— trixnetaphoaphaUs 063 

triphosphate, 604 

(di) cadmium phos{)hate, 601 
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dimercuriao, 1014 
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ditiitainertmride, 1014 

- ♦ hexamercurido, 1013 

-magnesium alloys, 660 

carbonate, 367, 368 

ohlorooarl^nate, 308 

— dimetaphosphate, 396 

fluoride, 297 

hydrooarbonate, 367 

ootoinetaphosphato, 397 

■ — phosphate, 383, 384 

pyrophosphate, 394 

sulphates, 336 

triphosphate, 394 

inercuriate, 780 * 

mercuric dichlorobromidc, 892^ 

sulphide, 960 

tetrabromide, 892 

tetrahyd rated, 928 

tetraiodide, 927 

tribroinide, 892 

triphosphate, 1004 

monoiuereuride, 1014 

octoraercuride, 1013 

{Kmtachloromerouriate, 864 

{)entamercuride, 1013 

potassium magnesium sulphate, 342 

meroitfide, 1016 

simonytes, 342 

ietraohlororaerouriate, 863 * 

totromerouride, 1013 

tricoAnium sulphtlte, 637 

triohloromercuriate, 863 

diliydrated, 863 

trimerouride, 1014 

tritameroivrido, 1014 

sine alloys, 666 

oarl^iate, 648 

bAsio*, 646 

fluoride, (34 

: — octbmetaphosphate, 664 

— phosphate, Ofll 

pyrophewphide, 662 

sulphate, 636 * 

tetrahydrated, 636 

sulphide, 6(^ 

tetraoMloride, (64 

tetrametaphosphate, 004 

tribromide, (71 • • 

tiimetaphos]^jllej 663 
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; triioSde, (83 
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Bolt X-rays, 33 . 

^ Solder brazing, 671 ' • 

Solutis msrouriLoalide parata, 991 

frigioe parata, 987 

• ^qpomaite, 262 
Sonstadt’s heavy liquid, 916 
Soubeiran’s mercurous salt, 988 

salt, 789 

Spanoilite, 697 • 

Spark spwtrtim, 7 
j Spectra line, 174 
1 — nebuhe, 19 

1 — stars, ly 
; Spectrum absorption, 19 
analysis, 5, 6 
— - arc, 7 

I band, 7 

head of, 7 

comi>onoiits 1i 
continuous, 7** 

-• discontinuous, 5 

— oltK'trie of up>ins, 60 

— (umssion, 7 
flame, 7 
fluorescent, 7 

— hydrogen, 169 
- line. 6, 7» 

- hues, action electric field,’ 19 

magnetic field, 17 

• - — • combination jirinciple, 1-1 
constancy of, 1 1 

— grou[>ing of, 13 

reven^, 6 

spark, 7 

tail of, 7 

X-rays, 37 

Sjieltor, 403 
~ hard, 403 

primary, 403 

remolt^, 403 

secondary, 4(81 

— virgin, 403 
Sj)oncerite, 660 
Sphiflorito, 407, 686 
Spialter, 403 
Spiauter, 403, 687 
Spiauterite, (87 
Spinel, 261 

Chromium, 261 

iron, 251 

roaftganese, 261 

— — zinc, 408 

Spinthariscope, Crookes’, 80 
Spodium, 506 
Spodos, 606 

Spraying, Scoop’s process, 4P4 
Stannous tetraohloromerouriato, 811 
Stark effect, 10 

Stark’s hypotliesis valency, 183, 186 
Stars, spectra, 19 » • 

Statical oleotronic hypAheais valency, 188 
Stefan and Boltzmoim’s radiation law, 1( 
Sterro metal, 67 1 
Stlchtite,<376 
Stirhngite, (P6 

Stogpipg power elements for u-rays, 81 
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Sinhiblende, 408 
Stipiiiiia dolomito, 370 . 

StiPontitim MEurigama, *1038 ’ 

^sadmiura alloys, 087 

hexachloride, 658. 

— totraiodide, 684 

dodecamanmiido, 1032 

honanwrouride, 1032 * 

^xacl^dromerourtate. 860 

Mxamercuride, 1032 

magnenum oarbonat**, 376 

— r- merourio hexabromide. 804 
hexaiodide, 939 , 

1, mbrabroraido, 894 

tetraiodido,* 939 

— octohydrated, 939 

mercurous oxyiutrato, 997 

muuomercuride, 1033 

■ octomercuri^e, 1032 

pentahemimerRuride, 1033 

pentamereiu'ic dodtH iuodide, 939 


octohydnit<*d, 939 

tetradecaiOeroiiHde. 1032 

^-wagnorite, 388 

.zinc alloys. 686 

tctraclilondc, 

ziticate, 63(* 

Strutt’s radium clock, 84 
Struvite, 252, 384 
Stupp*, 698 
Sublimate water, 817 
Sublimd d6u}(, 797 
^iliuerde, 206 

Sulphammoniuin men’ury, *.>64 
Sulphophone, 600 
Sulphozin(3te, 607 
Suasexite, 262 
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Tachhydrite, 252. 298, 309 
Tail of band spectrum, 7 
Talc, 251 

hydrate, 290 

Talcium, 251 

carbonatuin, 349 

Talkerde, 260, 280 

Knhlenaaurer, 349 

reine, 349 

Tallow clays, 406 
Tarbuttite, 660 
Tautocline, 371 
Tellurium, radio-, 1 14 
Tfpgerite, 206 
Terlmguaite, 697, 805 
Tetrogenio salt, 343 
Tetrahedrite, 406 
IliarMidite, 371 
Tbiozincate (/*e^|Sulphozincate) 
Tbomaon’s hypothesis valency, 183 
Tiemannite, 697 
^Vin^braae, 670 

• Indian, 403 

Tombac, 671 ( 

red, 671 

.Vienneae, 671 

Totan, 401 
Totia, 398 

Transmutation of elomtotji, 14? 
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I Ti^ium, 2M 
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sodium su^diato, 637 

'IVimenie, 206 
'I'ruoatite, 408 • 

^Tscheng, 399 • 

'rubes pf forw», 191 
.Turbite, 964 
'I'urpeth, ^4. 972 

aiurnoma, 788. 979 
lutifius, 989 

; TuriH'lhum mmersle, 964 
; 'Putauefio, 403 
, Tutenag, 403 
. TuUuMHjue, 403 
; Tutiu, 398, 399, 401 
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h]u«^ 44U 
gnHMi. 40 1 
I ulute. 401 
, ruttliniii, 401 
Tutthia, 401 
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I’Kifut, 943 


V 


N'tu uwiii tuUxi. 24 
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electronic hypothesis, 183 
sUtical, US* 

-* hyfiolheseii, dynamijua]« 189 
elw’truns, 167. 19<> 

] fixing. 190 

KimnniI's hy|K>ttMMis, 183 , 

' null, 176 

Stark’s hypotMMs, 

- Tliomiion’s hyjiotfMMds, 189 
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I V'aucher’s bearing moy, 6'^! 
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I Veslaliutm ^ 
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Vihrmtlon fi«qtienoy, 7 
Vitrk^ mixte obypro, 630 
— ^ white, 613 

smo, 613 

Vitriolum album; 613 
Voolkerite, 261 
Volkermito, 376 
VolteiM, 408. 687 
Volteite, 406, 687 
Vorobyevite, 204 


W 

Wognerito, 262,* 387 

oroenioo, 388 

barium, 388 

bromo, 388 

oaloium, 388 

ohloro, 388 

f«rro, 388 

mangttno, 388 

- y strontium, 388 

vanadium, 388 

Walmstedtiie, 340 
Wapplerite, 262 
Warringtonite, 639 
Watievillito, 252 
Wavedongth, 7 
Weight, 160 
Weisses Niohts, 606 
White, Chinese, 607 

eop{)era8, 613 

metal, 67 1 

precipitate, fusible^ 786, 846, 862 

— infusible, 786 

vitriol, 613 

— ■ stiivo, 607 
Willemite, 408 


X 

X-ray, spectrum of, 38 
X-rays, 31, 86 

absorption coolT., 33 

. _ niHSH, 34 

— - exciting, 3;2 
fluorescent, 35 

- — hard, 33 
opacity to, 33 

penat rating powes, 33 

primary, 32 

reflection, 34 

- — scattering, 34 

secondary, 21 

. — soft, 33 ^ . 

transparency to, 33 

Y 

Yellow, oadmiurn, 693*^ 


Zeeman, effect, 18 
Zeolite of Briagau, 642 
Zino, 308, 401 « 


Zinc acid fluoride, 6^4 

alcholochlojridot 64' 

allatropes, 460 * 

• alloys, 666 

a^Igams, 1037 

aminochloromercuriato, 861 

► amfunopvrophosyhate, 662 

ammoniulm aihydrophotphate, 

. “ dimetaphosphate, M3 

fluoride,* 634 

hydroxydicarbonate, 647 

oxychlorides, 646 

. oxydpdecochloride, 646 

oxyhonachloride*, 646 * 

oxyhexadeeachloride', 646 

— oxyoctochloride, 646 

- [}entachloride, 661, 662 

— phosphate. 661 

— monohydrated, 661 

polyiodide, 681' 

sulphate, 636 * 

he3^ydrated, 636 

- totrachloridl* 662 

tetraio<|klo, 682 

— ■ tribromide, 671 
atomic nurnljer, 603 

- weight, 601 

— - - barium tetrachloride, 668 

- tetraiodide, 684 
IwryJhum sulphate, 640 

blende, ^07 • 

bhuun, 408, 646 • 

- bromide, 664 

- dihydrated, 667 

- inonohydrato<l, 666 
trihydrated, 667 

Blanc de, 607 

- - Buorro de, 636 

Butter of, 636 

— -cadmium alloys, 688 

— — spar, 643 

cajsjum pentabromido, 672 

— jx^ntachloridc, 667 

i — » pentaiodido, 683 

tetrab]»mide, 572 

— tetraiodide, 683 

-calcium alloys, 686 

* — • carbonate, 642, 643 

homiliydrated, 643 

- monohydrated, 643 

oarhoriates, basic, 646 

- chloride, 636 

__ ^ diJiydrated, 639 

hemipentahydrated, 5- 

I — monohydrated, 640 

properties, chemical, 648 

physical, 636 

sesquihyflrated, 640 

tetraliydreted, 640 

— —— — - triiiydrated, 640^ 

chloroiodide, 681 

— — chloromercuriate, 861 
colloidal, 422 

— copper alloys, 670 
amminochloride, 648 

carboi^te, 648 

hydro8u]|^ate, 640 

oxychlonde, 640 

— phosphate, 664 

sulphate! 639 
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- dUmminotrioxydd>roiiMd8, 560 ^ 

— ji i a miin otrioxydichlonde, 545 ^ 

- dtAmminoxide, 524’ 
dihydrophiMpiiate, 660 

dlhydratod, 660 

- dii(i«ta{)ho4phat4t. 663« 

* dioxyc^boiiate, 646 

dihydrat«<Jf, 646 

- - dioxyuilrate h>'drat4Hl, 654 

- - dioxytriciu-bonate. 646 

duiodmin plioaphate, 661 

- dMtiUation,.403, 413 

dtKiiH’amrniiipxyohlorulo, 546 

dvwt. 411 

-™ oiuuiaoxydiclilontle, 645 
oiineuoxydiiodraa, 560 
-aennoaoxytetraoblondo, 545 

— ovtractioii. 41 1 

^ blojit fart>at-<», 464 

— - - dry prooeauon, 41 ( 

. <il«H:tnc «nM)IUng, 414 

(doctroyliiH ftwed wtlu, 417 

_ - goln., 415 

— ,wot procxxM, 415 • 

- f«rnt-e, ll47 
fine, 403 
flowers of, 404 
tluondo, 533 

- — -• tetridiydraUHl, 533 

fume, 4 1 1 
^urnacoH, 413 
.;;oUi Alloys, 6H2 
hentto\y(elra* filonde, 545 
liept«oxyc-arlx>tmte. 646 
dihydraUxl, 646 
heptoxydinitrite, 655 
heptoxydiHulplialei, 626 
heptoxyiulrate, 65* 
dihydrated, 665 
- (ei^ydratad, 665 
lieptoxysulpliate, 626 

- rtbxaiuminobromide, 67 1 
— hoxararainochloride, 549 

haxaraminoiodide, 682 * 

haixaniminonitrato, 656 

^ - - hexamrainodulphata, 633 

— • hexaoxydichloridc, 545 
--4a - hoxaoxydibromide, 569 
history, 398 

— - — hydrazine bromic^ 670 

— chloride, 66l* 

iodide, 581 

li^^drooarbonate, 645 

hydrochloride, 649 

g — hydrofluoride, 634 

_ — hydroperoxide, 631 
— JL liydrophosiiduite, 660 
1—— hydroeuJphat^ 627 

hydrosulphide, 

: hydroxidea, 621 * 

hydroxylamine chloride, 661* 

hydroxynitrate, MO $ 

iodi^, 674 
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Zinc IkMUd* dthydialad* 872 * 

— tetfahydfated. ITi « 

: - - iodocKloHde, 561, 881 

inm>iqiar, 843 

-- iaotopM, 603 

0 - lead oxyohloridet 646 
*— hthium triehloftde, 664 

— 'Soagnesium aUoya. 687 

i* potaarium sulpliata, 641 

^ulpliaUM, 640 
. ietraehlurider 860 
• inaUMoluie, 648 

luen'urio hexabromide, 804 
uxybroniide, 804« 

• oxyiiitraie, 008 
Muiphide, 067 
tetrabrointde, 804 
tetraiodide, 940 

« (etraiuintnoteitaiodide, 923, 041 
monaiununocarbonate, 647 

- moiiainnunuchloride, 640 
inonuxvearboiiate, 646 

hydmUHl, 646 
monoxytlitiarlionale, 646 
inonuhvdrated, 646 
munuxydicliloride, 546 
inonnxynitrate, 684 
trihydrat^, 664 
uiunoxysulphate, 626 
inonuxytrinitrate, 664 
tribydraled, 654 
nitrate, 650 
iMUiio, 654 
(lUiydratnd, 680 
onnoahydrated, 651 
- bemihonadfx’aJiydratiMl, 660 
hmniiniiydrated, 660 

1 hexahydrate<l, 650 • 

i - tetrahydrated, 600 

i Lrihydrateii, 650 

; 4 ooourronoe. 404 

' octnxydichlorido, 646 

'! ore, priHinatic, 506 

rwl, 408, 506 

i ortJiopbosphato, 658 

nxtiie, 500 

proiM'Tt ies, chemiiMU, 8 1^8 
, - physical, 810 

! oxyilibroinidc, 570 

i - •oxyhexachlorido, 546 

, ' oxysiilphide, 606 

Ijentarnminol^nmide, 571 • 
p<*ntamniinochloridp, 850 
f^ientamminosulphate, 633 
~ pontasutphide, 607 

- Iientoxyihbroinidc, 869 
{x;ntoxydichloride, '845, 646 
pentoxydiiodide, 880 

i - jwnf/oxytiitrwte, 688* 

heptaliydrated, 688 

\ fxiohydrated, dSS”* 

! _ — trihydialad, 688 

! - pentoxysulphate, 626, 684 

• • - pentoxydrioarbonafa, 646 
' hexahydraied, 646 

, fterhydrol, 8M & 
fieroxidea, 621, 680 • 
phosphate, 658 

I ' pol^faiomid^ 881 

I polyiodide, oOt 
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phoipliftto^Mr 

P3rropliot|:li4t«, 663 

— ^ -«-«• 637, 

i; — hozahydrated, 637 

> 'rawhide, 604 

t«irfiofaloride, 666 ^ 

— tribromkle, 6?S 

•— tnio^ide, 683 

— primary, 403 

properUM, ohemical, 472 

phyrioal, 426 

— purifloarion, 418 
pyrophorio alloys, 496 

— pyrophosphate, 681 

* red oxide, 606 

retorts, 413 

— Belgian, 413 

! Rhenish, 413 

Silesian, 413 

rubidium sulphate, 638 

hexahy^ated, 638 

tetrachloride, 667 

•silver alloys, 681 

sulphide, 604 

•sodium alloys, 660 

carbonate, 648 

basic, 648 

fluaride, 634 

— octometaphosphate, 664 

phosphat^ 681 

pyrophosphate, 662 ' 

•- sulpl^te tetrahydrated, 636 

sulphide, 604 

tetiaohloride, 664 

tetrametaphosphate, 664 

^ tribromide, 67 1 

triiodide, 683 

trimetaphosphate, 663 

triphosj^ate, 604 

spar, 408, 642 

spinel, 408 

spongy, 417 

' strontium alloys, 686 

tetrachloride, 668 

u — subohloride, 648 

8ubo;ide, 606 ^ 

— >— subsulphide, 686 

sulphate, 612 

ammines, 633 

oomplexeo, 633 

dihydrated, 616 

hm^eptahyfirate, 616 

heptahydrated, 614 

hexahydrated, 616 

mooohydrated, 614 

r — octotri^yd^ted, 614 

pentahydrated, 616 

trmydrat^, 616 

sulphates, basio, 626 

lithiuiil^ and, 836 


2 iB 0 sulphida, 686 

— t ocdloidal, 606 

T&- phosphorescent, 888 • 

i properties, duraiical, 602 

^pbysiea]^ 693 

tetrametaphosphate,' 6W 
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